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Foreword

The 21st International Conference on Human-Computer Interaction, HCI International
2019, was held in Orlando, FL, USA, during July 26-31, 2019. The event incorporated
the 18 thematic areas and affiliated conferences listed on the following page.

A total of 5,029 individuals from academia, research institutes, industry, and
governmental agencies from 73 countries submitted contributions, and 1,274 papers
and 209 posters were included in the pre-conference proceedings. These contributions
address the latest research and development efforts and highlight the human aspects of
design and use of computing systems. The contributions thoroughly cover the entire
field of human-computer interaction, addressing major advances in knowledge and
effective use of computers in a variety of application areas. The volumes constituting
the full set of the pre-conference proceedings are listed in the following pages.

This year the HCI International (HCII) conference introduced the new option of
“late-breaking work.” This applies both for papers and posters and the corresponding
volume(s) of the proceedings will be published just after the conference. Full papers
will be included in the HCII 2019 Late-Breaking Work Papers Proceedings volume
of the proceedings to be published in the Springer LNCS series, while poster extended
abstracts will be included as short papers in the HCII 2019 Late-Breaking Work Poster
Extended Abstracts volume to be published in the Springer CCIS series.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2019
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of
HCI International News, Dr. Abbas Moallem.

July 2019 Constantine Stephanidis



HCI International 2019 Thematic Areas
and Affiliated Conferences

Thematic areas:

HCI 2019: Human-Computer Interaction
HIMI 2019: Human Interface and the Management of Information

Affiliated conferences:

EPCE 2019: 16th International Conference on Engineering Psychology and
Cognitive Ergonomics

UAHCI 2019: 13th International Conference on Universal Access in
Human-Computer Interaction

VAMR 2019: 11th International Conference on Virtual, Augmented and Mixed
Reality

CCD 2019: 11th International Conference on Cross-Cultural Design

SCSM 2019: 11th International Conference on Social Computing and Social Media
AC 2019: 13th International Conference on Augmented Cognition

DHM 2019: 10th International Conference on Digital Human Modeling and
Applications in Health, Safety, Ergonomics and Risk Management

DUXU 2019: 8th International Conference on Design, User Experience, and
Usability

DAPI 2019: 7th International Conference on Distributed, Ambient and Pervasive
Interactions

HCIBGO 2019: 6th International Conference on HCI in Business, Government and
Organizations

LCT 2019: 6th International Conference on Learning and Collaboration
Technologies

ITAP 2019: 5th International Conference on Human Aspects of IT for the Aged
Population

HCI-CPT 2019: First International Conference on HCI for Cybersecurity, Privacy
and Trust

HCI-Games 2019: First International Conference on HCI in Games

MOobiTAS 2019: First International Conference on HCI in Mobility, Transport, and
Automotive Systems

AIS 2019: First International Conference on Adaptive Instructional Systems
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HCI International 2020

The 22nd International Conference on Human-Computer Interaction, HCI International
2020, will be held jointly with the affiliated conferences in Copenhagen, Denmark, at
the Bella Center Copenhagen, July 19-24, 2020. It will cover a broad spectrum
of themes related to HCI, including theoretical issues, methods, tools, processes, and
case studies in HCI design, as well as novel interaction techniques, interfaces, and
applications. The proceedings will be published by Springer. More information will be
available on the conference website: http://2020.hci.international/.

General Chair

Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece

E-mail: general_chair@hcii2020.org

http://2020.hci.international/
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Abstract. End-User Development comprises the study of tools and
techniques to foster the development by end-user of their applications.
However, some problems arise when end-user build their applications,
such as the quality of those solutions. End-User Software Engineering
research aims to support end-user in their applications development.
A main challenge of EUSE is to find ways to blend typical software engi-
neering activities into daily work of end-users. End-User Requirements
Engineering refers to the incorporation of Requirements Engineering in
end-user development. Requirements techniques need to be adapted so
that they can bring value to end-user, without changing too much of their
work nature and priorities. This work presents an empirical study on the
use of narratives by end-user in applications development. We observed
school teachers using SideTalk tool and applying the narrative technique
to analyze the influence of the latter in the end-user development. The
study concluded that narratives helped end-users in planning their devel-
opment activities before build conversations in SideTalk tool, getting the
same benefits the technique brings in professional development.

Keywords: End-user development -
End-user requirements engineering - Empirical study

1 Introduction

Computer users are rapidly increasing in numbers and diversity [1]. These users
include managers, accountants, engineers, teachers, researchers, health workers,
salespeople, and administrative assistants. Such users perform a variety of tasks
that evolve and deals with lots of data and business rules. Traditional develop-
ment of professional software may not adequately meet such needs because when
establishing a contracting relationship between users and solution providers, one
of the first challenges is the transfer of domain knowledge [2]. Passing domain
knowledge and experience to professional developers is something that requires
effort and time, and needs to keep pace with changing user tasks. As end-users
have an internalized understanding of the business rules and objectives, they
© Springer Nature Switzerland AG 2019
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may be able to construct applications without gaps of knowledge. However, they
lack abilities to organize these developments efforts.

EUP (End-User Programming) refers to software development activities car-
ried out by non-professional developers [3]. When a user engages in development
activities, she seeks to create a program for herself, that is a different perspective
from professional development [2]. Typically, end-user programming emerges in
a context in which domain experts are seeking more automation in day-to-day
tasks and for any reasons can not contract professionals to develop solutions.
EUP efforts benefit from end-users knowledge of business context and need bet-
ter than anyone else, and their awareness of changes in the corresponding domain.
However, some issues arise when end-users produce their applications, system
quality is one of these problems.

It is expected for end-users to struggle in understanding the general view
of the problem and reason about all the functionalities they wish to have [3].
End-User Software Engineering (EUSE) refers to the adoption by end-users of
software engineering practices and techniques. A challenge of EUSE research
is to find ways to incorporate software activities into the end-users’ workflow
without the need for them to substantially change the nature of their work or
priorities [3]. In the context of Requirements Engineering, end-users are generally
not motivated to build a program to be used by others, so the focus on system
quality is expected to be low [3]. People involved in end-user programming rarely
have an interest in being explicitly linked to requirements, so there will be a need
to make explicit to end-users the benefit of using EUSE.

The objective of this work is to motivate end-users to apply requirements
engineering in their activities, leading to the development of user applications
with more quality and completeness. We focus on end-users developers of web
applications in the educational field and proposes the use of narrative writ-
ing technique for them to understand their needs better and plan requirements
accordingly. Narrative writing promotes better end-user reflect upon its needs
and facilitates registering their ideas. We expect that use of a requirements engi-
neering technique contributes to better end-user development.

This article is organized as follows: in the next section, we present the related
works and then the theoretical basis. Subsequently, there is the methodology
section, where we describe the profile of the participants, and the steps required
to conduct the research. After the methodology section, we present the study
planning and execution section and then the results section. Subsequently, there
are the final considerations also encompassing future work.

2 Background

According to Sommerville [4], Software Engineering is a discipline focused on
aspects of software production, from the early stages of system specification
to maintenance, when the system is already in use. In general software engi-
neers adopt a systematic and organized approach to their work, as this is often
the most efficient way to produce high-quality software [4]. Requirements Engi-
neering (ER) “involves the surveying, modeling, specification, verification and
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maintenance of the properties that a software product or service must mani-
fest before, during and after its realization” [5]. Key stakeholders are identified,
and the constraints and needs that customers impose on the system are dis-
covered while the RE process is taking place. After discovery, there is a need
for documentation, analysis, and validation later, so that software can be built
that presents customer satisfaction. RE activities are crucial to design and cre-
ate quality software application and require practitioners to have some level of
training and experience to work throughout the entire requirements lifecycle.

End-users act as non-professional software developers, who at some point
may create, modify or extend software artifacts [6]. Professional software devel-
opers cannot directly address all of these needs, because of their limited domain
knowledge and because their development processes are prolonged. On the other
side, end-users know their context and needs better than anyone else, and often
they have a real-time perception of changes in their respective domains [3].

End-user motivations are not related to software quality, so there is no explicit
interest in explicitly documenting requirements [3]. They are less likely to learn
formal or structured languages to express requirements or follow prescribed
development methodologies. This work investigates the usefulness of require-
ments techniques that require little or no training by users.

3 Narrative Writing

For many years, analysts have employed usage scenarios to trigger customer
needs. A scenario is a description of how a system will be used, and it is well
employed to describe requirements for interactive applications and system-to-
system interfaces [5]. Barbosa and Silva [7] still define scenarios as a narrative
textual or pictorial, concrete and rich in contextual details of a situation of use
of the application. Scenarios can then put real, potential users, processes, and
data in a joint perspective.

According to Cockburn [8], a narrative is a use case in action, a highly specific
example of an actor using the system. This narrative is not a use case, and in
most projects, it does not remain in the official document of requirements, but
it is a handy technique.

Narratives can be used to assist in the construction of a web application for
example, in the case of this research the end-users used to plan how the structure
of conversations in the SideTalk tool would be. Sheets of paper were used to
describe the whole process of what was planned for construction, and later the
end-users themselves continued the process by programming the narrative into
the tool, thus creating a conversation in SideTalk. Therefore, we had as input
the preparation of a script and how to exit the whole plan transformed into a
conversation in SideTalk, both thought and created by themselves.
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4 Methodology

This study was carried out following the next steps:

1. Analyze end-users profile: First there was an analysis of the people to be
invited, who did not need to be experts in programming knowledge, but they
had to have the desire to develop something that involved other people. It
was decided to use teachers with needs to instruct students about the use of
some service on the internet.

2. Invite end-users to join the survey: After defining the end-user profile, a for-
mal invitation was made to participate in the survey. Six people agreed to
participate in the survey.

3. Define search development location: On account of the public involved, and
the municipality of the application, the place of the application was defined
to be the home of each end-users, causing the study to be carried out one by
one.

4. Conduct technical application sessions with end-users: The conduction of the
application is described in Sect. 5.

End-users were identified from their professional profiles of education with the
desire to develop something differentiated to help in the interaction of students
in the classroom. We have the participation of six volunteers, aged between 20
and 25 who teach elementary and high school classes. End-users were recruited
according to their profiles of education professional with the desire to develop
something differentiated to help in the interaction of students in the classroom.

The elaboration of the technique of narratives was performed at this stage.
The narrative method was applied to serve the end-users better and could con-
tribute better to the development of their web applications, enabling a job with
more quality and satisfaction.

The application of the technique was structured in this way: a use narrative
training was created explaining step by step from what it is, what it is for and
how it can be used. Then an example was presented, and soon we created three
scenarios for the end-users to execute them, telling us that the first two were just
to make the end-user more involved and that he could learn about narratives,
and the last one would later be put into practice in a tool.

Before the application of the technique, we trained each participant in the
narrative technique. Subsequently, the end-users themselves wrote their usage
narratives, and then the end-users were trained on the SideTalk tool, and finally
the construction of SideTalk conversations by each end-user. Throughout these
steps, we observed participants regarding their engagement in the creation and
later use of narrative during end-user programming.

SideTalk (formerly called WNH - Web Navigation Helper) is a Firefox
browser extension, built from the CoScripter macro recorder [9]. SideTalk “inher-
ited” from CoScripter the ability to write different interactions on Web pages,
generating navigation scripts. It is in tune with the actions recorded in the script
that the mediation dialogs appear [10]. Figure1 illustrates the SideTalk splash
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screen, which provides a brief explanation of the tool and where the conversations
are already created, the conversation import icon, and the link for editing.

SideTalk: Criar e editar conversas x

liiisideTalk

Este ¢ o editor de conversas do SedeTalk. Aqui vocé pode cniar uma nova
conversa, importar conversas ou acessar uma das j3 cnadas...

O i iy 1 para tela de execugio

Bem vindo oo SideTolk

Lista de conversas completas

(scrpts com didlogos)

Usuino 04 _Abrir | Exportar | Excluir |
Usuino 03 _Abrir | Exportar | _Excluir
Usudno 01 _Abrir | Exportar | Exchuir
Usudno 05 ﬂj Exportar | Excluir
Usudrio 06 M Exportar M
Usuirio 02 _Abrir | Exportar | Excluir |

Fig. 1. SideTalk Home screen

SideTalk also has the function of creating dialogs for the commands, with this
functionality users can better explain the steps to be followed and can create
dialogs of opening and closing their activities, Fig. 2 shows the example of this
functionality.

Criagdo dos dilogos de mediagdo para o script: Teste X
Script: Teste
Comandos e didlogos
" Comandos Tipo Varidvel Titulo do didlogo o @
1 *goto "faceboobk” URL
Dislogos especiais Comandos  Didlogos Davidas Voltar
Tipo Titulo do dislogo o @& @ F & 4 ) ® ® [ Habilitar @ ~
£Didlogo de abertura Associar @~ Criar Editar Deletar Deslocar @ . Criar Editar Deletar ® -
EDidlogo de fecham...
[ Salvar Diglogo | | [} Visualizar | | [EJ Cancelar @~

Fig. 2. SideTalk dialog creation screen

5 Technical Application Sessions

The end-users were labeled P1, P2, P3, P4, P5, and P6, so that the anonymity
was preserved, as presented in the end-users consent form. Table 1 below shows
the end-user data, and the time each took to complete the proposed tasks.
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Table 1. End-users data

Users | Age | Level of education | Time spent

P1 24 | High School 47 min
P2 24 | High School 52 min
P3 21 | Elementary School | 60 min
P4 25 | High School 40 min

P5 22 | Elementary School | 58 min
P6 23 | Elementary School | 44 min

The study was done sequentially with one end-user at a time. The research
was carried out in a place with Internet access so that it was possible to build
conversations by end-users. Following the training, end-users were instructed to
elaborate narratives, taking into account three proposed goals.

The goal is a high-level requirement that represents what a user could achieve
using a system. From a high-level requirement there are several ways to build
a system, and in the elaboration of the narratives, the end-user will produce
a specific scenario to meet the requirement. The first two goals are focused on
the training of end-users so that they can become familiar with the technique of
writing narratives. The third objective is what will be used for the elaboration
of the narrative for the creation of the SideTalk conversation.

The first goal reads as follows: “Imagine that you need to send pdf texts to
your students over the weekend so they can do a particular job, how would you
do to pass these texts on to them?” As an example of narrative, the end-user
P1 wrote the narrative of Table 2.

Table 2. Narrative written by P1

It would select the texts for work,
convert to pdf format, go to the
browser, open the email, attach the
desired file and send it to the students.

The second goal reads: “You need to teach your students how to get a book
from a particular subject on the internet because this book is not sold in the
city bookstore. How would you go about teaching them to get this particular
product?” As an example of narrative, the end-user P5 wrote the narrative in
Table 3.

Table 3. Narrative written by P5

I asked everyone to open the browser on
the Google page, then enter the following
address ‘www.blogliverson-line.com’,

thus selecting the book that was indicated.
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The third goal reads as follows: “You will give a computer class to your class,
and you need to teach your students how to do a social networking account
(Facebook).” As an example, the end-user P6 wrote the narrative of Table4.

Table 4. Narrative written by P6

First step, open the browser, type in the

url www.facebook.com, then open

the Facebook registration screen,

then the following data need

to be entered: name, surname, email,

email confirmation, password, date,

month, year of birth, then click open account.

The narratives of the six end-users related to the last objective are presented
as follows:

— P1 - Open the browser, search for ‘facebook.com’; in the search box when
opening the page will fill the requested data, (name, surname, email address,
password, date of birth), after filling the data, click on the button to open
an account. Dialog to enter at the beginning: Welcome! Today’s challenge is
to make a Facebook account! Dialog to type at the end: You just created an
account on the social network Facebook! Fill in the data!

— P2 - It would open the browser and search for the word ‘Facebook’, access
the link and access the page that would be targeted. Fill in the data that
is requested, and if everything is right and available, click open an account,
and then you can use your account on the social network. Dialogue to Open:
Hello, we will start the process of creating a Facebook account now! Dialogue
to Finish: We have finished creating the account on Facebook. Enjoy the
experience! Data needed for account creation on Facebook!

— P3 With the browser open, we enter the site ‘www.facebook.com’; in the
search box of the browser click enter, and enter the home page of the site.
We look for the ‘open an account’ box, highlighted in blue and click. From
there we fill in the spaces with our data, answering each space with what is
requested, for example, name, surname and so on. The part of the email will
have to be filled with valid and active email. For those who already have is
just typing, for those who do not have to be created (just go to the gmail.com
website, for example, click on create an account, and do the same process).
The password will be created according to your imagination (I advise it to
be a date or word that has some meaning and difficult oblivion). After all
the information is filled, we will have your profile on Facebook. Text to open:
Well, today we will do a different lesson, the proposal is to create a Facebook
account, you should just follow the guidelines below. Good class! Text to
close: As you have followed the guidelines and it worked very well, you now
have a Facebook account! User data!
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— P4 - First go to ‘www.facebook.com’; and then enter your data, first name,
phone or email, male or female, birthday, day/month/year, and password.
After that, click open an account. Ready your Facebook social network has
been finalized. Text to start: Hello, today we will create a Facebook account.
Text to finalize: The account was created successfully. Fill in the datal

— P5 - With all the students in the computer lab I asked them to turn
on the computer and open the internet browser, then type in the URL
‘www.facebook.com’. Opening the site will fill the following register to create
the account in the social network where you will be asked for name, surname,
email, etc. Then click the button to open an account. When done this every-
one will be able to enjoy. Opening dialogue: Hello, today we will create a new
Facebook account! The task is simple; you just need to follow the steps as
shown below. Good performance! Final dialogue: Congratulations, you just
created a new Facebook account! Enter the data!

— P6 - First step is to open the browser, type in the URL “www.facebook.com”,
then open the Facebook registration screen, then the following data need to
be entered. First name, last name, email, confirmation email, password, date,
month and year of birth and then click open account. Initial text: Well, today
we will do something different, we will learn how to create an account on the
social network Facebook, so that it is done correctly, please keep an eye on
the step by step information that will be displayed. Good performance!

Subsequently, the SideTalk tool training was started so that end-users could
check how it should be used. After the training, the end-users began to create
the conversation, asking them to create it according to the third objective, just
to see if the end-users relied on the narratives to reach the goal of creating
the conversation in the SideTalk. In the creation of the conversations, the end-
users started from the opening the browser until the creation of the account in
Facebook including the dialogues requested in the tool, and they had the support
of the researcher with the syntax of the tool and the technical problems. In
Figs. 3, 4, 5 and 6 an example of the creation of SideTalk conversation performed
by end-user 4 is displayed.

Figure 3 illustrates the steps that the End-user P4 performed to reach the
Facebook page and then begin the data fill step and then, with all the data filled,
concluded with the click of the “open one account”.

Table 5 shows a representation of the scripts that were generated in the cre-
ation of a new Facebook account by the end user 4.

6 Results

In this section, we report the results of the research, based on the users’ answers
collected through the interview at the end of the application, the observations
made by the researcher and the comparison between the written narratives
and the conversations built on the SideTalk tool. The analysis seeks to answer
whether the use of the narrative writing technique by end-users helps in the
development of conversations in the SideTalk tool.
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SideTalk: Usuario 04 x

Email ou telefone Senha
(L Bl cchook T
>®NEeR| @2 »

Clique em Passo ou Executar para rodar o script
Conta no Facebook!

Ol4, hoje criaremos uma conta no Facebook

O Facebook ajuda vo Abra uma conta

compartilhar com as E gratuito e sempre sera.

da sua vida.
Nome Sobrenome
Celular ou email
y £ Nova senha
Continuar | Cancelar Dividas 2

Nata da nacrimanta

Fig. 3. Screenshot of creating a Facebook account by end-user 4

Criagéo de didlogo

Conteddo do didlogo
Titulo

[Iconta no Facebook!

]
Texto

Ol4, hoje criaremos uma conta no Facebook.

[Gsalvar | | [} Visualizar | | [E3 Cancelar | @~

Fig. 4. Creation of opening dialog created by end-user 4

Criagio de didlogo

Conteddo do didlogo
Titulo

Conta no Facebook!

Texto

®-

A conta foi criada com sucesso.

[@lsalvar | | [} Visualizar | | [E3 Cancelar | @~

Fig. 5. Closing dialog creation screen performed by end-user 4

6.1 Interview Analysis

After the end-users created their conversations, an interview was conducted with
six questions related to the development and training contained in the research.
The first question was “Could you build what you had planned?”, The six end-
users responded positively to this question. Analyzing the writing of the narrative
and the construction of the conversations in SideTalk it was noticeable that all

11
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Criagéo dos dislogos de mediagdo para o script: Usudrio 04 X
Script: Usurio 04
Comandos e dilogos
Comandos Tipo Variavel Titulo do didlogo LI
1 *goto "www.facebook.com” URL &
2 *enter "Luiza" into the "Nome” textbox Caira de Texto Preenchimento dos dados!
3 *enter "Oliveira” into the "Sobrenome" textbox Caixa de Texto Preenchimento dos dados!
4~ enter "luiza000001@gmail.com" into the “Celular ou e... Caixa de Texto Preenchimento dos dados!
5 * dlick the first "Criar conta” button Botdo
6 * enter "1uiza000001 @gmail.com" into the “Insira o emai... Caixa de Texto Preenchimento dos dados!
7 *enteryour password into the “Nova senha” tedbox  Caixa de Texto Preenchimento dos dados!
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Fig. 6. Screen of all dialogs made by end-user 4

Table 5. Representation of account creation scripts on Facebook

(usudrio 4)

go to “www.facebook.com”

enter “Luiza” into the “Nome” textbox

enter “Oliveira” into the “Sobrenome” textbox
enter “luiza000001@gmail.com” into the “Celular ou email” textbox
click the first “Criar conta” button

enter “luiza000001@gmail.com” into the

“Insira o email novamente” textbox

enter your password into the “Nova senha” textbox
select “16” from the “Dia” listbox

select “Maio” from the “Mes” listbox

select “1996” from the “Ano” listbox

turn on the “Feminino” radiobutton

click the first “Criar conta” button

the users were able to build what they had planned. However, some of the end-
users had difficulty knowing the order of data entry necessary for the creation of
the account, for example, P3 wrote the narrative as follows: “(...) we enter the
home page of the site, we search for the link ‘Open an account’, highlighted in
blue and click, from there fill the spaces with our personal data (...)”. In fact,
the completion of personal data happens before the option to open the account.
This difference between the planned narrative and what it was actually possible
to do on the social network did not affect the construction of the conversations.

The second question was “Have you developed something you had not
planned?”. Three end-users, P3, P4, and P6, responded that they had not devel-
oped anything beyond what was planned. The end-users P1 and P2 replied that
they had to create a new email account to test the conversation built on SideTalk.
The end-user P5 replied that he did not develop anything in SideTalk beyond
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what he had planned, but his narrative begins with step-by-step, from the oper-
ation of turning on the computer, opening the browser until the creation of the
account in the social network. Some end-users have answered this question also
considering the data that should be prepared for the test created in the SideTalk
tool. However, this is not configured as an additional functionality implemented.
Taking into account the conversations created and the planned narratives, it was
noticeable that some of the end-users forgot the detail of having to create a new
email that was not associated with any Facebook account. P1 and P2 created a
fictitious email at the time of the research, P3 prepared the creation of e-mail
during narrative writing, while P4, P5 and P6 already had an email not yet used
in the social network Facebook. For the end-users who did not remember putting
the creation of an e-mail in the preparation of the narratives, they were given an
already created e-mail. It was noticeable that the preparation of the narratives
reminded some of the end-users of the need to create valid test data for account
creation on the social network.

The third question read as follows: “Beyond the narrative, did you prepare an
outline, plan or artifact before development?”. P1, P2 responded positively. P1
and P2 used a sheet beyond the narrative to write the data needed to create the
account on Facebook. And P1 still illustrated how the button creates account.
P4 also responded positively (“Yes, before I made a plan to run it then.”) but in
actually the end-user referenced the narrative itself as a kind of plan. The other
end-users, P3, P5 and P6, responded negatively to this question. Expectations
would be that the end-users did not need any other plan beyond the narrative,
but P1 and P2 thought it best to make a separate sketch of the narrative to put
the account creation data.

The fourth question reads as follows: “What were your difficulties during
development?”. Four end-users, P1, P2, P3, and P6, had difficulties, P1 and P6
reported that “In a few moments the program locked, in the time of putting
the month and the year of birth, in the data register of the Facebook account”.
P2 said that “had difficulty understanding the context of the narrative”, the
difficulty found by P3 was “Not knowing exactly the sequence of steps to create
the account on Facebook,” P4 and P5 answered the question negatively. Even
though some of the end-users reported some problems, it was noticeable that
it did not affect them in relation to not being able to complete what they had
planned.

In the fifth question was asked with the end-user if “Before developing some-
thing similar, would you again use the preparation of narratives?”. P1, P2, P3,
P5 and P6 responded positively to this question. P1 reported that “I would use
it, it’s a simple and quick way to help and even if I'm a person who has never
seen it, I can easily understand it.” P2 commented that “it was great to have
written everything I needed, so I did not forget any details”. P3 reported “Yes,
because it helped me to create the conversation on Facebook”. P5 commented
that “to understand the narrative it is essential to know it before” and also
said that “I found the preparation very useful, because what I planned it went
as I wanted”. The end-user P4 was the only one with an undecided response,
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reporting that “I thought so.” It was noticeable that the end-users P1, P2, P3,
P5 and P6 quite liked the narratives and even if P4 responded indecisively, it
was noticed that he used a lot of narrative preparation to build his SideTalk
conversation. Therefore, it is concluded that the preparation of narratives was
very important for the accomplishment of this study.

The sixth question was related to the training “Did the brief explanation of
use narrative help you when you do it yourself?” P1, P3, P5 and P6 responded
positively, P2 reported that “yes, but at first I had difficulty understanding,
but when I started doing the narratives myself I felt that I had really learned.”
P4 was brief, only responding that “helped”. The training of narrative was very
satisfactory, it was noticeable that in explaining it to some, it was clear to others
not, but when they themselves began to make the narratives, they managed
to do them well. In this way, the narrative proved to be a technique for easy
understanding and a tangible benefit.

6.2 Direct Observation Analysis

The end-user P1 was very attentive throughout the process and quickly under-
stood the narratives, the only question was whether it was doing it right or not
since it was the first contact with a certain subject. Interesting that in addi-
tion to the narratives, P1 put some data in a separate draft that would need
to create the account on Facebook and still illustrated by sketching a button
“Open an account”. It was noticeable that the end-user liked the interaction
and commented that he would use in his work as a teacher as a way to improve
the communication with the students.

P2 had difficulty beginning to understand the concept of use narrative, but
then managed to understand thoroughly and write the narratives with ease.
This user also used the draft to put the data needed to create the account on
Facebook and at the time of the creation of the conversation resorted to the two
roles, both the draft and the written narratives.

P3 was one of the most enthusiastic, had no difficulty understanding the con-
cept of narratives, and also proved to be participatory throughout the research.
P3 pointed out that would be interesting to perform lectures with more interac-
tivity. P3 added, “It was important to have written the narrative before creating
the conversation because it helped me when it was time to create it”.

P4 did not prove to be involved with the research as the other end-users,
understood the concept of the narratives well, wrote them well, but at the time
of the interview when the question was asked “before developing something
similar would you again use the preparation of narratives of use?”, he replied
that “he thought so”, it was noticeable that there was not much interest, but
there is a contradiction because in the construction of the conversation it was
realized that he drew much attention to the narrative.

P5 was participative, his understanding and writing were satisfactory, he was
a bit worried if he was writing the narratives correctly, and added “can I look
on the internet and find more examples?”, But even with the doubt managed to
do well, and made a comment that called attention, that he had found legal the
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construction of the narratives and the conversations, and that actually preparing
before had been better, because he did not forget anything. It was the only end-
users who wanted to create the conversations first and then write the narratives,
but then realized that the form used was the best way.

P6 was participatory throughout the research, it was noticeable that he
understood the concept of narratives well and was able to do them well, became
interested in writing narratives and added that they helped when he needed to
create the conversation in the tool.

After analyzing the participation of the end-users, it was concluded that the
narrative explanation was presented in a simple and easy-to-understand way for
the end-users, as well as the narrative writing training, which provided the end-
users with a greater knowledge and facility to elaborate the narrative that would
be used as intended to create the conversations in SideTalk. Also, it was noticed
that the narrative served as a guide to end-users in the creation of scripts and
the development of dialogues within SideTalk, although this tool is a novelty for
those involved.

Rosson et al. [11] observed that the scenario technique, similar to narratives,
is a low-cost technique and that it gave end-users a better view of what needed
to be done in the application development. This research has achieved similar
results in a context of entirely different user profiles and programming tools.

7 Related Work

Requirements engineering in the context of EUSE is a topic of interest that
needs to be explored [3]. Notably, we are interested in requirements specification
and planning activities. The work of Rosson et al. [11] reports an exploratory
research project that investigates the impact of different forms of project plan-
ning performed by end-users. End-users were asked to make a simple applica-
tion using a web development tool for end-users. The study aimed to investigate
the influence of planning techniques in end-user development. Conceptual maps
elaboration, interaction scenarios writing, and non-guided free planning were
compared among groups of end-users. Conceptual map stood out from the three
approaches. Conceptual maps were highlighted because end-users were able to
work harder in less time, while the end-users who worked with the scenarios also
managed to develop their planned activities but with a longer time compared to
the conceptual maps. On the other hand, users who did not use any technique
had difficulty getting the construction of an application. Users who did not create
a pre-development plan were found to have more problem in development.

The study of Rode et al. [11] aims to understand what end-user developers
need, how they think, and what can be done to help them when it comes to devel-
oping their applications. A simple web application was created for the study, ten
participants were chosen who had some familiarity with websites, but had little
programming experience, five were female, and five were male. Participants have
given a general introduction to the objectives of the study, so they were asked
to view and label all elements of the application’s three functionalities: login,
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member list, and add members. This first phase of the study was designed to
report on languages that the public uses to refer to visible screen elements, then
end-users were allowed to explore the application until they were comfortable
using it.

After the familiarization phase, participants were given seven user tasks
(login, pagination, user-specific profile, add a member, sort, search, delete) and
were asked to be taught these behaviors to a magic machine. A paragraph of text
within the written instructions explained this scenario to the participants. The
seven tasks were presented by concise instructions that were designed to guide
the user without polarization to their response. Participants wrote responses
using screenshots and blank paper, emphasizing that they were free to choose
how to communicate with the magic machine (using written words or drawing),
but also that they should fully specify the behavior of the application.

The work of Rode et al. [12] and the research in question are identified by
the fact that end-users will work with their ideas for an application. In Rode et
al. [12], the end-users will explore an application that is already built, and in
this research, end-users will build an application from planning done by them.

8 Final Considerations

This work presents an evaluation of the outcomes and perceptions of end-users
using a requirements engineering technique for planning purposes. The narrative
writing helped end-users in the prior planning of what would be built on the
SideTalk tool, achieving similar benefits that such a technique would bring in a
professional development context.

The elaboration of narratives helped end-user reflecting and registering their
ideas so that throughout the development work important characteristics were
not lost. Also, the upfront planning facilitates that the objectives of their appli-
cation could be discussed with other potential users. It is worth mentioning
that the profile of the end-users (elementary and middle school teachers) is of
people who already have the culture of preparing themselves before executing
their professional actions (lecture, for example). This suggests that requirements
engineering and other software engineering activities may better be adopted by
end-users depending on the culture of their professions.

As future work, we propose that the evaluation of the use of the narratives
be performed with experienced end-users in the tool used so that we can verify
how narrative writing related to this audience happens. We also propose that
the narratives be used in context with more extensive user requirements that
require the planning of more narratives, and that are used to prepare activities
in other systems.
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Abstract. Interactive Information Retrieval (IIR) research studies how
users interact with IR systems and evaluates the users’ satisfaction with
the retrieval process. Thus, it focuses on how users behave when they
interact with IR systems. The involvement of potential users, and access
to dynamic and individual information needs are essential elements in
ITR studies. User-oriented evaluations investigate the ability of users to
engage with a system, thus requiring real users to be involved in the
evaluation process. Despite its importance in driving the design of better
and more usable IR systems, the user-oriented evaluation approach has
been criticised for: (i) being expensive and time consuming in its appli-
cation, (ii) failing to capture a holistic understanding of the context, as
it focuses on users, (iii) delivering not reusable data, often of qualitative
nature, and (iv) generating experiments and results that are not repro-
ducible. In this paper, we propose an alternative approach, based on data
extracted from Log Files (LF) and automatically extracted Usage Pat-
tern (UP)s. Interactive Search Profiles (ISP)s are then created as tools
to guide the design of more usable IIR systems, specifically considering
Digital Libraries (DL).

Keywords: Evaluation - Digital library - User interaction - Interface

1 Introduction

IIR systems are designed to target users regardless of their numerous and com-
plicated attributes [4]. DLs, as an example of IIR systems, define as “distributed
systems with the capability to store various electronic resources and provide
convenient access for end users via networks” [33]. Users tend to use DLs to ful-
fil their information needs. Their interactions are embodied in the information
seeking behaviour which are affected by different attributes including expertise
in using the system, familiarity, frequency of using the system and knowledge.
Lacking expertise and knowledge result in poor usage of the system’s functional-
ities and content identification. Therefore, it is important to enlarge the scope of
the evaluation of IIR systems by considering more user attributes [3]. Evaluation
of DL assessed the decision makers to determine the usefulness, usability, and
economics of a DL [7].
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Trischler and Scott emphasised the needs for developing new techniques and
tools to redesigning service systems in such a way that users become value co-
creators of their own experiences [28]. Such new methods need to be driven by
deep understanding of human experience to support the users in co-creating
their desired experiences [27]. Collaboration and co-production can lead to open
innovation and continuous improvements to increase efficiency, and to develop
better interaction experiences [28].

Different approaches can be followed to understand the user interactions and
their experiences with the systems. For example, conducting naturalistic studies
with real users, and running laboratory-controlled experiments where surrogate
users are recruited. Conducting such experiments with test subjects is time con-
suming, expensive, laborious in terms of organising and running them. Besides,
experiences are subjective, and the experiments are difficult to reproduce [1].

Alternatively, researchers may investigate users’ digital footprints or UPs
recorded in the LF. UPs are a means to represent the search strategies found in
the LF [17]. The analysis of the UP enables the researchers to understand the
recorded searching experiences [13]. LF analysis can reveal a wealth of informa-
tion about the user interactions and their preferences. Such analysis does not
only results in providing information about the system performance, but also
provides a more in-depth analysis of the user interactions with the systems [10].

This work introduces ISP, as a design tool, which can be constructed on top
of real data gathered while the users interact with the system. Different ISPs
depict the types of interaction a segment of users performs with the system.
Such profiles can complement existing user-oriented techniques e.g. personas.
The paper starts with reviewing related works, it then describes the research
platform, presents the methodology, discusses examples of ISPs, and concludes
by suggestion of some practical benefits.

2 Background

Due to the interdisciplinary research domain of the DL covering information
retrieval systems, human-computer interaction, and information science, the lit-
erature is rich with various evaluation frameworks and techniques [29]. Generally,
the existing DL evaluation research can be classified into: general DL evaluation,
evaluation of specific components of DLs, and user-oriented evaluation [15,31].

— General DL evaluation studies encompassed the comprehensive evaluation
frameworks and models which encourage the researchers and librarians to con-
sider wide range components when evaluating a DL. Scholars e.g. [19,23] sug-
gested to evaluate a DL as a unit by assessing: (i) content including digitised
resources selection and structure, collection building, repository managing,
and preservation. (ii) policy counting service, process, quality, access, develop-
ment, and sustainability. (iii) technology considering architecture, algorithms,
functionality, interface, and design. (iv) user covering perceptions, activities,
needs, and tasks.
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— Evaluation of specific components of DLs: due to the complexity nature of the
DL and its components [7], some researchers contributed to the DL evaluation
field by deeply investigating individual aspects. Some evaluation studies [3]
targeted the system components and information retrieval performance. Oth-
ers, considering the metadata [32], and the system interfaces [16].

— User-oriented evaluation: the system performance can be assessed by the
established system-oriented approach to measure the effectiveness and effi-
ciency of the underlying search algorithms [26]. The system-oriented app-
roach has been criticised for lacking insights into the user-system interaction
and disregarding iterative and exploratory user interactions [20]. Thus, user-
oriented evaluation gives the priority to the users by considering their char-
acteristics, information needs and information seeking behaviour [7].
Consequently, a group of researchers assessed the DLs in relation to the user
needs and satisfactions. Such evaluation studies conducted by involving and
considering the users and their needs [20]. Three frequent user dimensions
considered in the evaluation: usability [30], accessibility [31], and interac-
tions [16].

Accordingly, there is no universal accepted evaluation frameworks or tools, the
choice between the available frameworks mainly depends on the evaluators and
their aim of the evaluation [7]. Saracevic [22] claims that the impact of such
studies are non visible which can be due to the complexity of the DLs, the
limited evaluation interest and funds, the lack of the evaluation as a core activity
in the operating DL culture [22]. This suggested for more handy and inexpensive
evaluation tools.

Evaluation can be conducted at different phases of the DL projects with
various purposes [7]. At the initial and during stage of the project, a formative
evaluation can be conducted to establish goals and to minimise imperfections
before release. In contrast, summative evaluation is conducted in the final stages
to assess the goals are met. Comparative evaluation where different systems
or components are compared. And iterative evaluation aiming to improve the
system incrementally [7]. Iterative evaluation is recommended for the DLs as new
material are added, metadata are updated and users characteristics changed or
new users joined [20,30]. Thus, there is a need for more user-oriented, practical,
and inexpensive iterative evaluation tools.

Because DLs are designed to provide support for seeking activities, Sum-
ner [25] emphasised the impact of understanding user, innovative user interfaces
and interaction mechanisms on providing better experiences of digital library.

A number of user-oriented design techniques and tools were developed to help
designers to make user-informed decisions. Mapping techniques and personas are
examples. Such techniques capture the dynamism of processes, and the ongoing
interactions during the user experience. Personas, in particular, are a medium
for communication which is created or used as an interaction design technique
introduced by Cooper [8]. The usefulness and value of personas is increasingly
recognised because they offers insight regarding users’ attitudes, preferences, and
interests [28]. Personas are created fictionally based on extracted attributes from
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real users. Courage and Baxter provide idealised attributes list including: identity
(demographic data), status of the users to the system e.g. (primary, secondary),
goals of using the system, skill set, tasks, relationship, and requirements, expec-
tations, and photograph [9]. Personas assist developers and designers to keep the
user present in the design process, and move away from a developer’s perspective
to a perspective of user [12].

There are different applications of personas: enhancing user testing and evalu-
ation, scenario generation, design exploration, and solution brainstorming. They
are usually produced in the initial phases of the design process. Where the real
users are complex and non consistent, personas are instead well defined and clear
and therefore better suited as a starting point for design work [9]. Personas can
be obtained by simple observational methods or in-depth interviews, surveys
or studies. Personas are rich but static descriptions of fictive users. Once they
are built, the contents of their description are not changeable [12]. The chal-
lenge of creating personas is embodied on focusing on a specific segment of the
targeted users, or design vaguely for everyone [28]. Persona also has been crit-
icised by being too flat to engage designers, and there is a need for developing
characters with richer personalities and better descriptions [12]. Designing for
user-experiences is difficult since the experiences do not yet exist. The design
situation is therefore only partly known, thus personas need to be invented [28].
Therefore, in this research we make the most of using the existing experiences
of the users recorded on the LFs, and presenting ISPs. Such profiles can com-
plement existing techniques for user modelling while offering unique features as
described in Table 1, where they are compared with personas.

Table 1. Comparison between persona and ISP

Persona ISP
Purpose representing potential users | representing existing users
Nature static dynamic

Data source | qualitative tools e.g. survey |log files

Effort manually made automatically made

Cost costly, time consuming, cheap, quick, repeatable
intensive

Construction | user data collection and machine learning techniques
analysis

Time of use |initial phases of design after launching systems

Design Effect | reminding about user needs |involving users to improve design

This paper describes how to build and use ISPs, which require a profound
understanding of the users searching experiences, the so-called customer journey.
The focus is on analysing diverse UPs that occur during the interactions with a
system of heterogenous users. We propose to use these ISPs to inform the design
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and improvement of interactive systems. The profiles also can be used timely
while the users interact with the system where the interactions are captured from
the LFs. The proposed methodology will enable to run iterative evaluations,
by limiting and possibly avoiding the problem of recruiting participants, and
running laborious user studies.

3 RERO Doc

This study is conducted in collaboration with RERO Doc!. RERO Doc is a
digital library connecting libraries of Western Switzerland as a public service.
Figure 1 shows the homepage of the library. The library offers free access to
its contents and services. The users can discover the content by simple (1) and
advance (2) search functions. Or by navigating the content by the collection (3),
institutions (4), content (5), or digitised press (6). The users also may check
the latest news of the library (7). The geographical locations of the users are
world-wide. Thus, RERO Doc serves a diverse population. LF analysis was con-
ducted aiming to investigate users’ interactions and habits recorded in the LF's.
Ultimately, the found UPs used to build different ISPs by generating various
interaction scenarios.

Fig. 1. RERO Doc interface

4 UPs Exploration

For a better understanding of the users journeys on RERO, we draw a hierar-
chical taxonomy of RERO as shown in Fig. 3. Users may start (B) their sessions
by accessing through landing pages including search engines, their emails, or
directly through the different functions available on the home page. They can
discover (C) the content by searching (G) or navigating (H), After reviewing the
search result page, they do have different options of displaying (D) the items.
There are different other (E) services the users might implement.

! https://doc.rero.ch.
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Fig. 2. The framework of exploring UPs in LFs

A dataset of 28 Million records obtained from RERO Doc DL was adopted for
our study. Two different unsupervised techniques, namely: K- means, and Birch
(Agglomerative) clustering, were applied to data samples of different sizes. The
data processing and analysing is described in [2]. Figure 2 shows the framework
of exploring UPs.

Web page or root (A)

Home page or session start (B) Discover (C) Display(D) Other (E) Session end (F)

login(M) Submit(P)

Personalize
Help (N) (0)
Snippet Display (1)
Similar record (J)
/\ personal list(K)
Search(G) Navigate (H) Multivio viewer(X) permalink(L)

/\ S

Simple(Q)  Advanced (R} cojlection(s) Institute(T) Content (U) Press (V)

Fig. 3. Hierarchical taxonomy of RERO

This research concluded that UPs can be characterised by: session duration,
session starting points, discovering content actions, functions used, and deter-
mination session points. Three main UPs were found in the LF, those are: item
seekers, navigators, and searchers. Each one of those patterns has sub-patterns.
Those patterns and their descriptions are as the following:

1. Item seeker (IS): the first category of the UPs is the ISs where they redirected
from search engines or emails seeking authorised items. Their sessions charac-
terised by conducting one action download or view items. There are four sub
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UPs under this category: Satisfied IS (SIS), Multivio IS (MIS), Average (AIS),
and Advance (DIS) item seckers. They are varied in the session durations:
short (60), average (60-300), advance (900-1800) seconds. MIS represent the
users who prefer viewing items by using Multivio viewer (a viewer application
available in RERO Doc) instead of pdf format.

Navigator (N): this segment of the users discovers RERO Doc by navigating
its content which is categorised into: collection, institution, content, or press.
Some of the Ns filter and sort the search results by implementing different
facets. Their session durations vary between short (60), average (60-300),
and long (900-1800) seconds. Their termination actions are: view results list,
display item, download item, and add to personal list. Accordingly, we clas-
sified them into: Light (LN), Average (AN), Advance (DN), and Press (PN)
navigators.

Searcher (S): the S interacts with RERO Doc by submitting queries through
simple or advance search functions. They vary in terms of: session dura-
tions, filtering or sorting results, and termination actions. Their session dura-
tions vary between short (60), average (60-300), and long (900-2700) seconds.
Some of the S filter and sort the search results by implementing different
facets. Their termination actions are: view results list, display item, down-
load item, and add to personal list. With some of the Ss, the searching went
through many iterations, including reformulation queries. The differences of
using the functions could be due to their information needs e.g. KS searchers
frequently utilise author and keyword facets. Accordingly, we classified them
into: Known item (KS), Simple (SS), Average (AS), Familiar average (FAS),
Advance (DS), Familiar advance (FDS), and Sophisticated (PS) searchers.

1 2 3 4
upP comparing between
Interface
Usage patterns ISP ISPs & interface ficati
Explorations functionality modification
Extracting Scenario Designing Re-evaluating Re-design

Fig. 4. The implementation of ISPs
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5 From UPs to ISPs

Motivated by [5] who emphasised the usefulness of the scenarios for better under-
standing of the new user situations, we created different scenarios extracted from
UPs to be presented in the ISPs. ISPs are specific instances of the UPs, they can
represent any of the possible variations inside the same pattern. Figure 4 shows
the roadmap of the implementation of the ISP. The process starts with explor-
ing UPs from LF, these can be used to construct different ISPs, and different
experience scenarios can be designed accordingly. Finally, such information can
assist the designers to re-evaluate their systems.

Issue query View results Examine results

A

Yes
No R
l query?

@ No

Refine results

Search?

Relevant?

Yes
i Yes
Satisfied? Consult item

No
No

Fig. 5. Searcher model

We developed different interaction models, Fig. 5 is an example of the searcher
model. The flowchart illustrates the key actions of the model represented in
the rectangles, along with decisions to be taken by the user in diamonds. The
visualisation of the interaction models helps us to generate various scenarios.

For example, we identified the UP of Light Navigator, LN, whose session
duration last for 60 s and navigate the DL without going beyond the result page.
Out of this pattern, we can extract sub LN pattern by simulating all LN features
with modification of the search path. For example, instead of finishing up the
session with view results page (VRP), a LN may also select a result and apply
some functions. Accordingly, slight changes of the termination points also may
apply where a LN may download or display the documents. Another example
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of deriving different ISPs out of the same UP is that of the KS Searcher. This
pattern represents users who usually spend 60s as a maximum duration and
search by author and keyword filters. Their search usually ends with the viewing
of the page with the result list. Out of this pattern, a further ISPs can be
extracted with different scenarios, what if the KS searchers could not find their
information needs? Different paths/tactics might be applied e.g. a KI searcher
might return to home page and reformulate the query without filtering the facets
i.e. author or keyword.

6 Design Implications

The large-scale logs provided a holistic picture of user behaviour while interacting
with RERO Doc DL. Developing different scenarios may help in improving the
existent DL interface design. Figure 6 shows the standard result page interface.
Consequently, the specific needs of DL users are served effectively and efficiency.

Here we propose some suggestions on how DL may provide mechanism that
support user engagement.

6.1 Promoting Different Search Strategies

The usage of the DL depends on the familiarity and experience levels of the users.
Stelmaszewska and Blandford [24] investigated how the interface can support
users to develop different search strategies. Thus, providing DL interfaces with
assistive tools may result in faster, and more successful searching results.

The existing interface design of RERO Doc considers the needs of different
searchers by providing simple and advanced search functionalities. In addition
to the traditional keyword-based search, DL administrators can enhance the
searchers? experiences by the following solutions:

— Visualising the search results: Hajra and Tochtermann proposed an approach
for visualising search interface by applying external thesauri and suggested
terms through machine learning techniques [11]. Consequently, the mental
workload of the user is reduces and this results in better search experiences.
This suggestion is in line with Cao et al who emphasised the importance of
using visual representation rather than textual interfaces to search document
collections [6].

— Providing auto completion function: although RERO Doc enhances the
searching experiences by utilising Auto Correct function, it also could add
the Auto Complete or “Popular Terms” function. This might accelerate the
searching time [14]. The previous suggested solutions are applicable in the
case of the FDS and PS searchers where they reformulated their queries many
times during their searching process.

— Better utilisation of the filter and sort functions: Niu and Hemminger [18§]
emphasised the importance of the facets as a supplementary feature for bet-
ter interaction. They concluded that facets improve the search accuracy for
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Fig. 6. Result page interface

complex and open-ended tasks by filtering the search results. We found that
the KI searchers utilised author and keyword facets more frequently and rarely
used the other facets. This indicates that their information needs are more
precise than open-ended tasks where different facets where used. Besides, it
is worth noticing how not all of the users are aware of the functionality of
the facets. As a suggestion, the DL designers might provide a drop-list of the
facets instead of having a long static facets bar. The drop-down list might
draw the attention of the different available facets.

In terms of sorting the results, RERO Doc offered result sorting function
where users can sort their results by: Ascending (SA), Descending (SD) Date
(Default), Title (ST), Author(SU), or by including only full-text results. Pre-
senting all the results including abstract, non-full text and full-text documents
might causes frustrations for some users and can adversely affect the discov-
ery experience [14]. Although RERO Doc located “search in fulltext” in the
upper right corner of the search result page, the sorting functions are rarely
used during the interaction processing. Instead, the designers could provide
a pop-up window suggesting to limit the search results to include only the
full-text results.

6.2 Improving Navigation Experiences

Considering the heterogenous users of RERO Doc, offering navigational
icons might improve the navigation interactions. Rahrrovani emphasised the
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importance of the icons as a significant feature for better navigation experi-
ences [21]. They concluded that the users with higher mental modules are more
compatible with the iconic interfaces. Icons are preferable to abstract text as
they are easier to memorise. Thus, providing RERO Doc with navigation icons
may assist this segment of users to more effectively interact with the interface.

7 Conclusion

In contrast to the formative and summative evaluation, this paper emphases
the importance of the iterative evaluation, particularly when targeting inter-
face design. Iterative evaluation of user interfaces involves steady refinement of
the design based on user-oriented evaluation methods. User interactions, as a
significant influence factor, need to be considered when refining the interfaces.
Based on a wealth and rich user-centred evaluation tool. i.e LFs, this research
proposes an iterative evaluation tool. Starting by extracting UPs, we construct
ISPs and generate different scenarios to be used for studying design implications
and recommend possible improvements. It may be stated that ISP as a data-
driven profile, and iterative evaluation tool can be used to continually refine and
improve DL interface. The limitations of this approach are embodied in the vali-
dation of the found UPs from the LF analysis. Thus, we are planning to conduct
a user study to investigate to what extent LFs are informative. We also plan
to investigate the usefulness of such profiles for system designers with a future
expert study involving experts in DL design and development.
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Abstract. In order to identify trends and changes in the field of HCI,
we used the full-texts of the papers of the HCII conferences from 2007 to
2017 in a text-mining approach. From a set of approx. 7500 documents
we looked at word frequencies and topic modelling using latent dirichlet
allocation (LDA) in order to detect changes and trends. We identified
50 topics using the LDA model. We found that the topics around social
aspects, gamification and datafication play an increasing role. We find
evidence for this in both LDA and word frequencies. We qualitatively
asses the topic models using our own publications and find a high match
of detected topics and our ground truth.

Keywords: Latent dirichlet allocation - Text mining - tfidf -
Bag-of-words model - Bibliometrics

1 Introduction

The field of HCI was established in the early 1980s by Card, Newell, and Moran
(The psychology of human-computer interaction [12]). It was the realization that
computers are more than simple tools, with singular application uses, but rather
a “partner” in continuous interaction that drove the emergence of a novel field
of research. The interaction component was new and HCI was more than pure
“ergonomics” or “human factors” research. It included the computer sciences
and in particular interface design that enables a continuous interaction with the
device. According to the ACM the field encompasses research on design, evalu-
ation, and implementation of techniques and methods for interactive computer
use, as well as phenomena that are derived from it.

In recent times the computer has become an integral part of everyday life.
Computing devices are carried around by most human beings on the planet, as
smartphones, tablets, smart watches, or laptops. Further, computing devices sur-
round us in pervasive computing environments and even voice-activated access
to data stored in the cloud has become a commodity. HCI has become the key
research activity to design everyday life for future societies. This also becomes
apparent in the changes of topics in HCI research.
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In this paper we look at all publications from the HCI conference between
2007 and 2018 and conduct several text-mining approaches to understand trends
and changes in the focus of the conference.

2 Text-Mining Approaches

In order to automatically understand larger bodies of text several methods can be
used to understand the content of a corpus of documents. In order to understand
the results, however, it is necessary to understand the underlying methods and
why they are employed.

2.1 Data Cleaning

Textual data, as in our case, is often available in the form of PDF files. PDF files
contain layout information, text, figures, and tables. Not all of the information
contained in PDF files can sensibly used to understand the topic of the document.

We first must separate the text into meta-data and textual data. For this
purpose it is helpful to first unify encoding and rely on UTF-8 encoding for all
documents. Often, depending on the settings of the word processor, characters
that look identical to the human reader can be encoded in several ways digitally.
Unifying these is called UTF-8 normalization. This helps algorithms further
down the processing pipeline.

Next, it is helpful to separate the main body of text from meta data such as
authors, keywords, and references. Luckily, scientific publications have relatively
standardized textual structures. The use of regular expressions is very helpful in
separating text from meta-data.

A last step in improving general applicability of text mining, especially in
the English language, is putting all text in lower case. This allows to ignore
capitalization in text, which in English serves no other purpose than sentence
separation. Lastly, numerals, commas, and full stops are removed, as they carry
little meaning in bag-of-words models [24]. The bag-of-words model is a simplified
model of text, removing all information regarding word order or semantics that
rely on deixis or grammatical parsing.

2.2 Tokenization and Lemmatization

The process of tokenization is used to separate a document into individual words.
Word delineation can be quite non-intuitive as hyphenation might separate a
word into its syllables. The result of tokenization is a set of tokens per document.
However, different inflections of the same word (e.g., “user” and “users”) are not
recognized as the same word by computers.

The process of lemmatization is used to map all inflections of a word to
its basic form. Often, especially in the English language, stemming is used for
lemmatization. Stemming removes the inflection postfix of the word leaving only
the stem of the word. A typical approach is the porter-stemming algorithm [19].
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The downside of this approach is that many stems are hard to read for the
human user (e.g., analysis to analy). In our approach we use the lemmatization
of the textstem package [20].

A third approach can be applied by tokenizing not only single words, but by
creating n-gram tokens. A bi-gram token is a set of two consecutive words in the
text (e.g. “user experience”). This improves interpretability as terms like “user”
can appear in very different bigrams.

2.3 Term Frequencies

One approach of identifying topics in documents is to compare the frequency
of tokens (i.e., words) relative to other documents. Typical metrics here are
term-frequency and inverse-document frequency.

The term-frequency (tf) measures the proportion each word takes in a given
document. The assumption is, the higher the ¢f the more important the word
is for the document. The inverse-document-frequency (idf) measures how often
a word occurs in all documents. The less often it appears, the higher the idf.
Thus, idf is often used to identify words that occur in only few documents. By
combining tf and idf we can identify words that are specifically relevant to their
respective document [21].

By using tf-idf as a means to measure the importance of words for a doc-
ument, we automatically remove stopwords from the equation. Stopwords are
words that carry little meaning for a document in a bag-of-words text model
(e.g., “the”, “and”, etc.).

2.4 Topic Modelling

The process of topic modelling refers to algorithms that identify topics in docu-
ments from token frequencies. A variety of approaches exist in determining topic
models from a corpus of documents. Most renowned are latent semantic analysis
(LSA) [13] and latent dirichlet allocation (LDA) [4].

The LSA method applies a singular value decomposition method to the occur-
rence of tokens in paragraphs or documents. This will identify topics from the
empirical covariance in the documents. Using this method, topics are relatively
easy to understand when token frequencies follow gaussian distributions. How-
ever, most real text documents contain token distributions that follow Zipf’s
Law distributions. Therefore, a different approach is more typically used when
identifying topics.

Latent Dirichlet Allocation (LDA) [4] is a generative method that tries to
estimate multivariate distributions between terms and topics, as well as topics
and documents. This means every topic contains several terms, and every doc-
ument may contain multiple topics. The challenge in LDA is that a required
parameter for the algorithm is the count of topics called k, which must be given
in advance. In order to find the parameter k, one must generate multiple models
using different k& values and evaluate them against each other. In addition, LDA
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runs in O(Vnk), meaning that it increases linearly in the size of the corpus (n),
linearly in the size of the vocabulary (V'), and linearly in the size of topics (k).
This means it pays of to limit the size of the vocabulary, either by filtering by
term-frequency (tf) or by tf-idf.

3 Method

In order to understand what has shaped HCI research in the last decade, we have
analyzed all papers published between 2007 and 2017 at the HCI International
Conference. All papers and their PDF files were generously made available by
Springer after the 2018 HCI International Conference in Las Vegas, USA. From
this data-set of over 7700 papers we extracted all written text and utilized this
text for a text-mining procedure written in the R language. The following steps
were conducted to gather and clean the data:

1. First, all text was extracted from all PDF files using the pdftools pack-
age [18].

2. Meta data was extracted from the text of the document using regular-
expression matching, identifying title, authors, keywords, year of publication,
and references. Documents that contained no references (e.g., case-studies)
were removed from the corpus.

3. All words were then tokenized using the tidytext package [23]. We generated
both word-tokens as well as bigram and trigram tokens.

4. Then all stopwords were removed using the stopwords package [3]. All bi-
and trigrams containing at least one stopword were removed as well.

5. After stopword removal, similar terms were unified using stemming from the
SnowballC package [5] and also lemmatized using the textstem package [20].

6. Then tf-idf [22] was applied to the frequencies of words normalized across
documents.

7. Lastly, relative frequencies are plotted over time to visualize changes in fre-
quency using the ggplot2 package [25] and the viridis palette [15].

As a means of further investigation, we then generate topic models using
the topicmodels package [17] and try to verify whether topics change similarly
as derived from word frequencies alone. Here, we use latent dirichlet allocation
(LDA) [4] to create topic models. The amount of topics was estimated using the
ldatuning package and the four contained metrics [2,11,14,16].

As a third means of understanding changes in trends, we look at the indi-
vidual frequencies of terms and how we can predict their frequencies a few years
into the future. For this purpose we use the imputeTS package as well as the
forecast package to determine were individual word frequencies would be pre-
dicted assuming continuous drift.

4 Results

In this section we look at the different results using both the token frequency
approaches as well as the latent dirichlet allocation approach. In order to ensure,
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that these methods are sensible, we further verify that our data follows typical
frequency distributions. Overall, 7554 papers were analyzed.

4.1 Data Regularity

As a first sanity check, we verify Zipf’s Law in our corpus, to see how well the
distribution fits Zipf’s prediction.

The linear regression that predicts frequency from rank (both on a logarith-
mic scale) yields an intercept of yg = —0.9647 (SE < 0.001, p < 2¢~16) and
a slope of b = —0.8669 (SE < 0.0005, p < 2¢716), matching the prediction of
—1 for both intercept and slope (adj. 7% = .91, see also Fig. 1). This means, the
words in this corpus occur very much in a power-law-distribution with very few
outliers.

The observed word frequency follows a power distribution

Word frequency over rank
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term frequency (log scale)

0.001 -
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rank (log scale)
Dashed line refers to the linear model of parameters

Fig. 1. Evidence for the power law distribution of terms in the dataset

4.2 Trends in the Data

After showing that the data is usable for bag-of-words style text mining, we
next look into the absolute and relative word frequencies for all individual years
(see Fig.2). For this purpose we draw the top-10 words of every year, and then
look-up their frequencies in all other years.

First, we see the typical trend in scientific publishing, that the overall amount
of publications increases, hence the increase on absolute word counts. Further-
more, we see that these top terms do not show strong differences across the
years. The only term that seems to indicate slight changes over time is the term
datum, which is the stem for data as in data analysis, data mining, etc.
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Fig. 2. Absolute and relative frequency of top terms in the last 10 years

In order to understand changes, it seems, we need to look not only at absolute
and relative frequencies of top terms, but also at the different ratios of changes in
the recent years (see Fig.9). Here, some additional terms are of interest. While
many terms seem to not change (e.g., level, process, base, result), others increase
over time (e.g., experience, people, datum). Interestingly, the term human seems
to decrease in relative frequency.

Based on these data, we can also try to predict the changes for these terms,
by running random walks including drift on the time series of these data points.
The time series analysis returns an expected frequency for the following year,
along with a 80% confidence interval on the prediction. By plotting the relative
changes of the terms and sorting them according to the relative change, we see
the biggest changes for individual terms (see Fig. 3).

Here, it becomes more obvious that some terms seem to increase in impor-
tance. The topics that are becoming more relevant are data related topics, gami-
fication topics and topics that address learning and cognitive aspects (see Fig. 4).
On the other hand terms that have a strong traditional root in HCI (e.g., human,
display, usability) seem to decrease in relative importance and continue to do so
in the future.

4.3 Topic Modelling

In order to understand how the changes in the field of HCI play a role in the
topics published at HCIT we further look at topic models to represent content of
publications. The general idea of a topic model is to generate matching word-
frequencies given a set of topics per document. The word-topic frequencies and
the document-topic frequencies are generated using Bayes theorem and an iter-
ative process.

The challenge is to identify the number of topics k. For this purpose we have
used the ldatuning package. This package allows to generate a multitude of
topic models using multiple k-values and allows to calculate metrics to evaluate
these topics. Additionally, this process needs hyperparameter setup.
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Data and games become increasingly important
40 most important relative predicted changes in absolute frequency by word
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Fig. 3. Predicted changes of term frequencies using random walk and drift.

For our purpose we used Gibbs sampling, a burn-in time of 2500 iterations,
a total 7500 iterations and 5 randomized local starts. We used automatic alpha-
parameter optimization and ram the topic models on a 2.2 GHz Intel Core i7
with 12 cores and 32 gigabytes of ram. The models took several hours to converge
onto a solution and using the combined metrics [2,11,14,16]. We identified 50
topics to be an ideal solution (see Fig.5).

In order to see whether this topic model actually yields topics that are dis-
tributed among the different documents we look at the so-called gamma distri-
bution. The gamma-distribution of the LDA returns a per-topic-per-document-
probability table. If for each document several topics become relevant, the topic
model is able to differentiate multiple topics. In our case the model returns such

a distribution (see Fig.6).
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Fig. 4. Time-series prediction using random-walks and drift for the terms game, social,
datum, usability, display, human showing a 80% confidence interval.

Next, in order to label topics, we pick the most common token for each indi-
vidual topic by looking at the beta-distribution. The beta-distribution contains
probability on a per-term-per-document basis. This means that it can be used
to determine which terms are used to generate which topic. Not always will top-
ics seem to make sense to the human reader, but it is nevertheless necessary
to understand how the topics are constructed. In our case we found 50 topics
regarding the 4 metrics mentioned earlier. Very clear topics are the topics 3, 16,
21 for the respective fields: gestures, visualization, or robotics (see Fig. 10).

In the next step, we try to track these topics over the years of the conference.
For this purpose we measure the overall probability on a per year basis for the
topic to occur. This is achieved using the sum of all gamma values per year (see
Fig. 7).

As investigating all 50 topics would not fit the scope of this document, we
look at the 16 most frequent topics across all years. Some of the topics, here
indicated by their most probable term, show a large increase over time, while
others seem to go in and out of trends. For example, the topics children, games,
and social seem to increase in importance from the LDA topic modelling. This
is particularly interesting, as these were also terms that we identified using the
word frequencies from a regular bag-of-words model. The topic of data was not
found as one of the top terms in the topics. So there are some differences in the
modelling processes, although the similarities are striking.
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A set of 50 topics seem ideal for the data
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Fig. 5. Evaluation metrics for all investigated k-parameters.

4.4 Qualitative Validation of the Topic Model

In order to qualitatively evaluate how well our topic model works we look at five
papers by the authors to test how well the topics match the content (see Fig.8).

The first paper [26] is a paper about the acceptance of robots in health care
for the elderly. The top three topics identified were the topics robot, elderly, and
eye. Two topics matching exactly the content of the article. The eye topic is also
related to accessibility, which matches the paper well.

The second paper [9] is a paper about a visualization that should help
researchers to improve interdisciplinary collaboration. It was a user study on
the usability of the visualization. The best recognized topics were visualization,
hci, and learn which match the main idea in the paper, however the aspect of
interdisciplinary research is not discovered.

The third paper [8] is a study on insights on visualization in multi-
dimensional data. This paper is assigned the topics visualization, behavior, and
brand. The first topic is a very good match, while the other topics do not seem
to match the content very well. The behavior topic has a second almost equally
important term (i.e., evaluation), which does play a large role in the paper. Thus,
only the brand topic seems to be a mismatch. Still, the second most important
term here is management, which was a good match for the paper.

The fourth paper [10] is a paper on the rejection of mobile assistance systems
by older users in the field of diabetes management. The matched topics are
patient, mobile, and elderly. All three topics match the content of the paper.
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The found 50 topics distribute well over the documents
Distribution of topics per document
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Fig. 6. Topic per document distribution (gamma) for k = 50.

The last paper [7] is a paper on a visualization prototype that should help
researchers identify knowledge in their organization. The matched topics are
visualization, prototype, and behavior. Here, the first two topics are a perfect
match, while for the topic behavior we again have to look at the second most
important term—evaluation. Overall, the topic model was able to detect the
main topics of the authors’ papers and yielded meaningful terms for categorizing
these documents.

5 Discussion

We have utilized the archive of all HCII papers from 2007 to 2017 to determine
changes and trends in topics of the HCI community. This method can be con-
tinuously applied in future HCII international conferences identifying future hot
topics and areas for which interest might be decreasing. The trends witnessed
in our data reflect the changes in public discourse about the societal impact
of computing. Questions of social implications and data-driven approaches to
address the large societal challenges are the cornerstones of many funding calls.
The predictions generated in this paper can be verified using the data of the
upcoming years. Independently of the large body of documents, only the few
years are considered as data points for the longitudinal prediction of term fre-
quencies. This explains why there are relatively large confidence intervals around
the predictions. Ouly very clear increases (e.g., as for game) have narrow Cls.
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Similar topics are dominant in LDA
Summed gamma values of the top sixteen topics over the years

child cultural elderly game
15000 -
10000 -
5000 E
image learn motion
15000 -
10000~
S 5000 b
=]
7]
@© . . ) .
e patient security service social
£ 15000~
© 10000 -
5000 E
student task train virtual
15000 -
10000~
5000 E

2007 2012 2012007 2012 2012007 2012 2012007 2012 2017
year

Fig. 7. Summed gamma values of the top sixteen topics over the years.
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The topic modelling showed similar results as the bag-of-words model. How-
ever, the topics generated from the LDA modelling are relatively hard to inter-
pret in many cases. A large problem in the LDA approach is that idiosyncracies of
authors and their favorite topics are hard to differentiate. The name of an expert of
a certain technology is more likely to appear high up in the beta-distribution than
the name of the technology, simply because the name of the author occurs rarely
in the corpus. We have tried to overcome this be reducing the vocabulary size of
the LDA by both #f-idf thresholds and absolute thresholds. This prevents terms
that appear less than 5 times to show up in the LDA results at all. Still, common
spelling errors occurred multiple times and were thus recognized as meaningful
tokens. Here, spell-checking could reduce noise in the data.

Another really helpful approach was to include bi- and tri-grams in the topic
modelling process. Even though they do not appear in the top-terms for models,
they seemed to have helped the process immensely. Using only token data, topics
were sometimes crosscutting through very different topics (e.g., visualization and
security) possibly because of common evaluation methods and thus terms.

All methods and results will be published in a osf project including analysis
source-code using the rmarkdown package [1]. The original PDFs will not be
made available out of copyright reasons.! The analysis was pre-registered on
Friday 26th 2018 after the collection of PDF-files data, but previous to the data-
analysis.
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Abstract. This paper presents a study to select and evaluate Mobile
Design Patterns to support Personal Data Transparency. This research
was considered as important for the Human-Computer Interaction anal-
ysis since Mobile Devices are the main resource used by subjects to
interact and thus, produce personal data. Providing Transparency can
require a lot of information and the Personal Transparency is being
requiring by regulations of the GDPR (General Data Protection Reg-
ulation). Thus, we assumed that it could be complex to provide a mobile
interface to support these issues. We selected some mobile patterns which
were assumed that can support Personal Transparency Visualization and
developed prototypes using the Android technology. These prototypes
were evaluated providing data to conclude that the studied patterns were
quite appropriated, but they required improvements related to naviga-
tion capacity.

Keywords: Personal data - Transparency - Human-data interaction -
Mobile Design Patterns

1 Introduction

Transparency is the ability to provide information about the tasks involved in
the collecting, processing, disclosing and use of personal data by any kind of
organization or people that aim to obtain some advantage [1]. Among several
concerns related to the use of personal data, provide information that allow
subjects' to understand which events are conducted in their data and who is
working with it is the more meaningful [1].

! In this paper, the word subject refers to people who produce personal data.
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In this sense, Transparency can be considered as a new requirement for all
software that intend to use personal data in order to ensure knowledge [2],
privacy [3], security [4], anonymity [5] and that subjects rights are met [6].

Several tools usually request access permissions to personal data at the begin-
ning of the installation that may be poorly written and/or follow a black box
strategy which application just presents texts such as: To use software, you need
to allow us to access your contacts. However, details about which specific data
are collected or which process are performed are not showed avoiding subjects
to understand, monitoring and/or acting in the use of data [7].

Government agencies, researchers and software development teams that work
with personal data are increasing their concerns on providing Personal Data
Transparency using specifics software known as Transparency Enhancing Tools
(TETS) [6], users’ interfaces [3] and regulations as General Data Protection Reg-
ulation (GDPR) [8].

Although necessary, providing Transparency is not a simple tasks, mainly in
mobile devices [2] since it can be influenced by:

1. The amount of information can be large making it difficult to visualize;

2. A Transparency’s requirement is related to show the processes conducted with
the personal data and, according to Mortier [1] and Haddad [2], convert the
processing in a visual strategy can be really complex; and

3. Most of the personal data production is done using mobile devices and it has
small screen with considerable restrictions on the adequacy of information in
the screen [9].

Thus, we had as research question: is it possible to provide Transparency
for subjects in mobile devices even though it’s a small screen? To answer this
question, the following tasks were conducted: (1) We analyzed the GDPR reg-
ulation to understand how Transparency should be presented; (2) Based on the
GDPR and using Android development tool, interfaces prototypes were created
to simulate the Personal Data Transparency information; and (3) To validate
the design, heuristic evaluation were conducted by HCI and Computing experts
that inspected the prototypes according mobile heuristic criteria.

Next section presents succinct background areas that support this research.

2 Background

This section presents background about Transparency, GDPR and Mobile Design
Patterns.

2.1 Transparency

Personal Data Transparency, according to GDPR in Recital 58 requires that
software must provide information for subjects about activities realized in per-
sonal data such as collecting, processing, disseminating and sharing. Since 2010
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the concerns about Transparency became more meaningful due to the expan-
sion of personal data usage for several commercial and non-commercial reasons.
However, tasks performed in personal data are opaque for subjects and have a
strong relationship with people’s privacy, security and agency [1].

Transparency can support personal data privacy and understanding through
two properties:

— Visibility is a property discussed by Turilli [10] and Mortier [1]. Turilli
presents that it refers as the form to provide information and the possibil-
ity of accessing intentions, behaviors and processes performed by controllers.
Mortier [1] discuss that personal data can guide several and critical deci-
sions took by companies and organization that can interfere in subjects’ life,
for example, government can use data about foreign in social networks and
e-commerce for ranking people and allow (or not) he/she visit some coun-
try; and

— The Trust property is discussed by Murmann and Fischer-Hubner [6], by
Cuppens-Boulahia [5], by Patrick [11] and by Froehlich [12] as a mean to
provide real information about the use of personal data avoiding the pre-
dominance of black box strategy which subject has enough knowledge about
events related to their data. Authors present that the user can have more
confidence in using a software whether he/she know how his/her data are
used and also known how to act case the controller/processor conduct any
illegal tasks.

Haddad [2] presents that Transparency is strongly related to HCI because
the visibility property requires information design in order to provide the under-
standing by subjects that can be traditional users (without advance knowledge
about computing) and due to this reason the designer must concern about appro-
priate User Experience (UX). However, definitions about Transparency can be
subjective and all actions involved in the use of data can lead to a complex envi-
ronment to be designed [13]. In this sense, the GDPR can be used as a guideline
to design Transparency information because it presents a list of items required
for Transparency and considered as a right for subject.

Transparency also provides challenges related to human behavior once the
interaction with data and the data-driven life is uncommon and unknown. Oliver
[14] presents the passive posture and lack of custom to deal with data. Passive
posture is related to the fact that systems can provide good Transparency, but
to access it, subjects must choose, have time, means and/or skills to do it. Also,
people use smart phones, Internet and other services and automatically interact
with personal data, but they usually do not know how to use, act, analyze or
lead with personal data.

Next section we present information about the GDPR and Transparency
Requirements.
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2.2 GDPR

GDPR is a regulation that provides criteria and rules for the use of personal
data created by the Europe Union to ensure the subject’s privacy and freedom
rights. GDPR started in 2016 and are definitively in force since April 2018 when
several companies in Europe Union and all the world should suit it processes to
be conform to GDPR [§]

This regulation provides a list of requirements that must be considered to
ensure Transparency for subjects [15]. This list is composed by three main articles
focused on guiding controllers in the aspect as visibility, control and understand-
ing of the personal data use by subjects [16]. In short, the GDPR requires that
information about the follow items must be presented as Transparency:

— Controllers, Processors and Protection Office contact details;

— Information about purpose of use, legal basis and subjects’ rights;
Information about collecting process, period of use and the processes per-
formed; and

Information about disclose and sharing procedures.

Somehow, we can conclude that GDPR is a regulation that should be fol-
lowed to provide Transparency even for countries that do not belong to the
European Union. The guidelines well-defined and few subjective that can sup-
port the development of clear components for Transparency’s interface.

Next section presents information about the Mobile Design Patterns.

2.3 Mobile Design Patterns

Design patterns have become a widely used concept in the Human-Computer
Interaction field, as well as in Software Engineering. Design patterns in Com-
puting stem from the works of Alexander [17], who develops the concept of the
recurrency of solutions in architecture and the nature of order. Tidwell [18] says
that “patterns are structural and behavioral features that improve the ‘habit-
ability’ of something - a user interface, a website, an object-oriented program
or a building.” Patterns are thus valid representations of commonsense in a
given field and a useful tool for designing applications for that field. Libraries
of patterns have been built in several areas to help designers in finding reusable
solutions to common situations in design and implementation of user interfaces
(UI), in different abstraction levels [19].

Mobile devices is one of the most used computational resource. Since smart-
phones is working many models and types of this devices aroused and all of them
has a similar features: it work as a small computer and some devices have more
processing powerful than a traditional computer [20].

In fact, smartphones change several ways of software development and users
can work with mobile devices for several activities and due to this reason some
people does not have computers anymore [9,21].

In HCI field some challenges aroused because the design of interfaces had to
be improved. Mobile screens are smaller than traditional computers, the icons
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and visual components are also small and the interaction is usually based on
touch-screen. Other different features from traditional computer is that users
are not working totally focused on the task, but it may be using the cell phone
in parallel with another task creating a sharing of attention and interaction [22].

All these features require new approaches to develop mobile interfaces in a
way that all components, UX and information organization must be created spe-
cially for small interfaces and mobile interaction [23]. The amount of information
in screen should be carefully designed because a prioritization of resources and
components must be considered in order to avoid a high density information and
an unusable interface [24].

To support the mobile interface development several Mobile Design Patterns
were created and/or selected based on scientific researches or practical software
development experience. The patterns aim to provide means to create interface
to be suitable for mobile devices in size, working and interaction [24]. Without
the patterns it was not difficult to identify the process of miniaturization which
desktop components had it sized reduced on canvas creating a terrible interface
and UX [23]. Some examples for Mobile Design Patterns are:

— Springboards: provide a group of buttons in a main interface that allow users
to access any kind of information from this interface;

— Headerless Table: is a concept of table special design for mobile interface and
is considered appropriate for quick visualization and actions. In this pattern,
column’s title are hidden to improve the data visualization through the orga-
nization of a items collection per row. The rows can display several different
components as images, charts, colors and text;

— User Guide: require an information organization by topics that allow the user
to conduct a systematic search (also supported by search fields);

— Maps and markers: present information using maps services as Google Maps
and use markers to point to a specific information or present more content;

— Time-lines and charts: is an interface component that provides a line with
interactive resources to manipulate and visualize information; and

— Thresholds: present information based on a range with markers to indicate
how many items of the context were done

Patterns presented by Neil [24] were created for Android and IoS operational
systems and are being improved according to new mobile interfaces needs to
provide increasingly UX.

The next section presents the selection of Mobile Design Patterns for Personal
Data Transparency.

3 Patterns for Transparency in Mobile Devices

This section presents the process conducted to select Mobile Design Patterns to
support Personal Data Transparency visualization in mobile devices. Highlight-
ing that the main challenge was to look for interfaces’ components to provide a
good experience in the visualization of Transparency. Also, GDPR Transparency
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guideline was used to establish which information must be presented. Thus, the
follow tasks were performed:

analyzing GDPR to identify which information must be presented to provide
Transparency;

search and analyze Mobile Design Patterns that could support the develop-
ment of interfaces for Transparency visualization. Important to highlight that
in this stage we did not create new patterns, but selected existed patterns,
mainly those proposed by Neil [24] and Nuldemann [23];

prototyping interfaces using the selected patterns in Android Platform; and
evaluating the prototypes using Mobile Heuristic evaluation.

3.1 Transparency Requirements

In this stage we analyzed the GDPR’s articles number thirteen, fourteen and
fifteen in order to identify which elements should be presented to provide Trans-
parency. The Transparency items were classified according to type of information
required by each one as followed:

1.

Contact Data Information: Several companies/people can be involved in
the use of some personal data and due to this reason GDPR requires that
information to allow subject to contact any organization or people that are
working with the data must be presented. Also, GDPR classified companies
and people in: controllers, processors, protection office and recipients;
Purposes and Legal basis, Rights of subjects: One of the main objec-
tives of GDPR is provide information to avoid the “black box” strategy. In
this sense, Transparency can be achieved presenting information about the
purpose of use, whether the purpose is legal and how subjects can exercise
his/her rights;

Location: Besides data for contact, GDPR requires that the location must
be clearly presented in order to allow subjects to know where his/her data is
being used in the world since Internet and Cloud Computing allow that com-
putational tasks can be performed using a distributed strategy and different
places. Location is also required to support to identify companies which data
are sharing or disclosed;

Processing information: Using interface’s components to explaining the
execution of an algorithm is complex, but according to GDPR, show minimum
information about the data processing which allow subject to understand how
data is used must be done;

Data Source: The data can be collected by the users’ device or obtained from
third parties and in this case, the subject must to know the datasource; and
Period of use: Subjects must know about the period of use (process-
ing/storage) the data.

Based on these Transparency’s needs, we started to analyzed which patterns

could be used to present these information in mobile devices.
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3.2 Mobile Design Patterns

The interface for Transparency was developed considering the limitations of small
mobile screens which does not have area for large amount of components and
because of this it requires an better analysis to ensure that all the resources pre-
sented are really necessary to avoid the waste of resources. An approach named
Mobile First [21] that was developed for Web-Mobile was considered to support
this project because it purpose is to input in the interface just components that
are really important for context beside to consider the development for mobile
before development for desktop.

Two interaction properties were concerned for Transparency delivery: (1)
Navigation: Subjects can have different needs of Transparency and intentions of
use and due to this reason the interface must allow he/she to navigate among
different information; and (2) Information Display: provide an appropriate design
that allow user to visualize and understand the information presented.

We started developing and prototyping the Navigation strategy that were
classified, according to Neil [24] in Primary and Secondary.

For primary navigation we chose the Springboard pattern. As we classified
Transparency’s information in six main topics presented in previous subsection,
we assumed that a springboard could be a simple and clear way to guide the
subjects to navigate among the topics. Also, due to the reduced amount of
information classes, springboard provide a clear interface and the buttons can
have a size and position that did not overlap and also it were well defined areas
avoiding uncorrected selections.

For secondary navigation that could be used to support a direct navigation
(without use the springboard) among topics we decided to use the a pattern
named Toggle Menu that is an interaction component that is showed as an
overlay always the user select another component as a button or a label. This
navigation should not interfere in the data visualization and due to this reason a
Transient pattern were select, i.e, the navigation is hidden until the user active
the option thought an interface component.

In Fig.1 is presented a prototype for primary navigation with Springboard
and the secondary navigation with Toggle Menu with few options once more
options could be defined later.

After, we chose a design pattern to present the items for Transparency
required by GDPR. First item designed was to display Contact Data Infor-
mation. To select the patterns for this requirement, the follow aspects were
considered: (1) GDPR requires that the identification and contact details of
entities must be presented, but it does not point out specific data, so the follow
data were considered for identification: the name and a picture with the com-
pany’s logo (or people’s face image) and contact details (e-mail address, website
address and full phone number); (2) these data were select considered as min-
imum information needed to identify a organization/person; and (3) the data
select should occupy little space in the screen;

Thus, the design pattern selected for this information was the Headerless
Table because it can presents several controllers, processors or protection offices
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Fig. 1. Springboard and Toggle Menu prototype for transparency main menu

in a kind of list. For each contact a row should be provided with a image,
identification with highlight letters and contact details in normal format letters.
In Fig. 2 an example of list of contacts is displayed.

Provide information about Purposes and Legal basis, Rights of sub-
jects is a concern of GDPR since most of users produce personal data without
know about the controller’s purpose of use and whether is legal or not.

This Transparency item can be one of more complex to be designed for
mobile interfaces because it usually present a large amount of texts which can
be uncomfortable and visually inefficient once size of fonts could be small and
the user must read all the text in mobile.

To support it, we considered the use of a pattern named User Guide/Help
System. The topics (Purpose, Legal basis and Rights) are organized in a main
interface (similiar to Springboard) and according to user needs, he/she can nav-
igate using a drill-down strategy. Also, each topic can guide to textual interface
where user can read the text or search a specific word.

Thus, we proposed the use of User Guide/Help System pattern using at least
three levels: (1) First level were organized as a Springboard with the options:
(a) Purpose; (b) Legal Basis; and (c) Rights of Subjects; (2) Secondary level
could present the subgroups of information, for example, for Legal Basis infor-
mation, this level can present items such as: Number of Law, Date of Beginning,
Responsible. Also for Right of Subjects some suggestion can be: How to cancel
the use or How to obtain a copy; (3) This level presents textual information with
a search field to make easy to find a word.

In Fig. 3 is presented an example of proposed pattern with explained level
exemplified by Rights for Subject information.

For Location Transparency information the decision was relatively sim-
ple since people are accustomed to using maps because of the popularity of
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Fig. 2. Prototype for contact details interface
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Fig. 3. Prototype for purpose, legal basis and rights of subjects

applications as Google Maps and Waze. Thus, to provide information about
location of organizations, people or any entity that require the identification we
propose the use of Maps that is a usual resource in mobile tools. To support the
details visualization we suggest the use of markers to provide, at least, the name,
phone, e-mail, address or any information that can help user to understand the
location.

In Fig. 4 an example is presented, which a marker displays information about
a hypothetical Data Processor located in Sao Paulo Brazil. Data as phone, e-mail
address helps to identify the actor.
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Fig. 4. Prototype for location information using maps and markers

Providing details of data Processing is considered one of biggest challenge
for Transparency information as discussed by Mortier [1] and Haddad [2] . Tt is
not simple create a visual demonstration about how data and algorithms works.
However, GDPR requires that subjects have access to minimum information that
allow him /her understand the processing tasks mainly whether a computer-based
decision is performed using personal data.

What the word “minimum” means is not detailed presented leading us to
assume that the user should understand at least: which stages (name), the
sequence when it happens and a brief and lay description. Details about the
operation of algorithm can be hidden since the vast majority of people could not
desire (and need) to know execution low level details.

Thus, we propose the use of a timelime concept based on the pattern named
Interactive Timelime. The time-lime could be presented in vertical orientation
with markers in a reasonable distance that can present the number of sequence,
the name of task and a single description. In certain way, it can be similar to
road map or to a subway map that can be find in the stations. In Fig.5 an
example of timelime pattern is presented containing three stages and the third
marker is selected and presenting the information.

The next Transparency item is the Data Sources. It is common for people
receive e-mail, phone calls or be surprised by information of your interest without
information about the source of data. In this sense, GDPR proposes that data
source information must be presented mainly if data is obtained from 3rd sources
and not directly by subjects’ device.

We assumed that information must be classified in two types as presented
in Fig. 6: Data collected directly from subject; and Data obtained from 3rd. For
first type, we suggest an approach where data is presented using an image to
represent the data source and a panel with three other data:
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Fig. 5. Prototype for processing minimum details

— Source: description of the data source, for example, smart phone, subway
service or credit card machine;

— Resource: component that performs the data collecting such as camera,
surveillance camera, payments in the credit card machine; and

— Collection period: the interval for data collecting.

For data obtained from three controllers, we assume that it can be com-
plex to detail which resources or devices were used to collect the data because
the controller that is providing Transparency could not have this information.
Therefore, display information about who is the responsible for data collecting is
possible. Also, details about the moment which data were transferred from the
source to the actual controller and data explaining whether the source is public
or private is also needed since it is required by GDPR.

Thus, we propose to use the same Pattern used for Location presented
in Fig.4. A map with markers to set the data-source location and for each
marker, data about the controller or processor could be presented. Besides the
data already discussed in location requirement, the date of acquisition must be
presented.

Period of use is the last Transparency item identified and is considered
important since users must know about the time the data will be used. This is
a subjects’ right because it can interfere in privacy, freedom and security. Also,
the use of data can be expired according to the context of use, so the subjects
need to know if his/her data is not being used incorrectly.

For this requirement we propose the use of a calendar adapted by a pattern
named Thresholds. For example, a personal data is collected to be used by one
year and the rate is composed from the collect date until the end date. The
marker must be positioned to indicate how much of a period has elapsed since
the beginning of use of the data. Thus, we propose a pattern adaptation to be
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Fig. 6. Prototype for data source information

used to indicate the period of use of the data. As presented in Fig. 7 this pattern
must have at least two information: Start date of data usage; and End data of
data usage.

This section presented the proposition of Mobile Design Patterns for Per-
sonal Data Transparency’s visualization based on GDPR. The concern in create
this kind of interaction is justified because Transparency can required a large
amount of information conflicting with mobile screen features such as size and
interaction ways.

With the proposed patterns we assumed that Transparency information could
be visualized in mobile devices in a way that would allow subject to identify some
events related to their personal data.

Next section presents the validation of the proposed patterns.

4 Validation

The validation was performed using Heuristic Evaluation strategy that is a sys-
tematic inspection of the user interface’s design to identify ergonomic problems
[25]. The prototypes (developed using Android technology) were organized in
cards and presented for 7 evaluators with advanced knowledge in HCI or Com-
puter Science. The number of evaluators is according to Nilsen [25] proposition
that required at least 5 evaluators-specialists.

The evaluators received the cards with: (1) the instructions to understand
the heuristics and the criteria to be evaluated; and (2) the prototype images
with the description. We suggested that evaluators focused on verify whether
the patterns selected, and levels organization (if applicable) were appropriate in
order to provide Transparency information visualization in Mobile Device.
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The heuristics selected are based on the research of Rocha [26] that used
eleven criteria for mobile interface evaluation. However, the evaluation were con-
duct in cards using the prototypes based on Android user interface, but with-
out computational interactions and due to this reason we selected six heuristics
(Table 1) that could better answer questions about data visualization, design,
organization and user experience in prototype/static images.

Table 1. Mobile Heuristics select for evaluation

Heuristic | Name

HM1 Good use of screen space

HM2 Visibility and easy access to all information existing
HM3 Suitability between the component and its functionality
HM4 Message matching to functionality and user

HM5 FEase access to features

HMG6 User memory load minimization

Each heuristic were evaluated based on the criteria presented in Table 2.
Next section presents the results and discussions.

5 Results and Discussions

The results were described in a way similar to [26], in three tables that classified
the results as followed:
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Table 2. Criteria to evaluate the heuristics

Severity Problem description

0 - No relevant | Does not severely affect the interface and does not cover all
users which excludes the need for adjustments

1 - Design No relevant, but can be improved as possible
2 - Simple Can be repaired but has low priority
3 - Serious Must be repaired as soon as possible

4 - Catastrophic | Must be repaired immediately because it affects/prevents
the use of the interface

1. Total of problems and severity average (Table 3);
2. Amount of problems and severity average per Interface (Table4);
3. Amount of problems and severity average per Heuristics (Table5).

To be considered as a problem, a heuristic must be evaluated among the
rates 1 (one) and 4 (four). Each evaluator could answer about 54 problems,
thus, as 7 (seven) evaluators worked in the evaluation 378 problems were possi-
ble. The severity average were calculated using traditional average mathematics
technique.

Table 3. Total of problems and severity average

Total of problems | General severity average
74 1,37

Results in Table 3 present that the evaluated interfaces had few amount of
problems since 15% of all possible problems were found and that the problem
severity average was between 1 and 2 leading to assume that the interfaces had
aesthetic and simple problems.

Also, results in Table 4 present that from the nine functions evaluated, just
two functions were classified with greater severity than 2. Two interface were
very well evaluated because it severity average was between zero and one. Other
interfaces presented severity between 1 and 2 similar to the general evaluation
severity.

Coincidentally, worst severities were found in navigation interfaces in which
one were the pattern named Toggle Menu and other one was about Purposes
and Legal basis, Rights of subjects that used a Guide/Help design pattern. We
assume that this problems happened because provide navigation for many inter-
faces and information in a small screen can required that information be divided,
classified or using strategies as filters and/or drill-down. In this sense, the inter-
face can required that user conduct several clicks, tips or other commands to
find/access an information making the task for finding something difficult.
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Table 4. Problems by interface/functions

Interface/function Total of problems | Severity average
Springboard 10 1,6

Navigation 19 3,1

Contact data details 1 0,16

Purpose, legal basis and rights | 15 2,5

Location 6 1

Processing information 4 0,67

Data source (by subject) 0 0

Data source (by other sources) | 8 1,33

Period of use 11 1,83

On the other hand, the best evaluated interfaces used simple, direct and easy
visualization patterns that allowed a good components organization in a little
screen space and thus, the information was in a unique interface, in a visible way
and well and easy interactive allowing user to find information with few tasks.

With results presented in Table 5 we concluded that the navigation pattern
was the main problem of the proposed interfaces. The heuristic HM2 related to
navigation was the worsted evaluated being the unique with severity Two and
eighteen errors. All the other were severity between 1 and 1.5 and the amount
of errors was about 15% similar to general severity values.

Table 5. Problems identified by Heuristic

Heuristic | Total of problems | Severity average
HM1 14 1,5

HM?2 18 2

HM3 11 1,2

HMA4 10 1,1

HM5 9 1

HM6 12 1,2

Considering the results, we concluded that the interfaces are quite appro-
priate to provide Personal Data Transparency. Except navigation heuristics, all
others were considered irrelevant or simple and that do not interfere or impede
the views of information.

For Navigation issues, we proposed to study how to find, improve and/or
create new patters that can support navigation among several Transparency
information with more quality and reducing the number of tasks among the
screens. For information that was visualized using navigation pattern we intend
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to look for new patterns that can present the information in few (or just one)
interfaces and avoid changes between multiple screens.
Next section presents the Final Considerations and Futures Works.

6 Final Considerations and Future Works

Personal Data Transparency became an important requirement to be provide for
users in order to allow him/her to understand how their personal data are used
and by who. The more usually resource used for subjects to do their tasks is the
smartphone that has small screens leading to challenges in design interfaces for
visualization of many contents such as Transparency.

The Mobile Design Patterns could support the development of interface for
Transparency and due to this reason we selected, developed and evaluated a
group of mobile interfaces that were based on mobile patterns and Transparency
requirements from GDPR.

The evaluations were conducted using Heuristic evaluation techniques and
presented that the patterns can support most of Transparency Requirements,
but Navigation issues were not considered appropriated and must be improved
mainly to support the navigation among all the resource and also to support
navigation in a drill-down concept which is a kind of interaction that could be
common in Transparency for personal data.

As future work we intend to improve the navigation capability to facilitate
the interaction with big amount of information in different interfaces. The devel-
opment of an usable release in order to realize usability testing and understand
how the subjects interact with Transparency information and whether the pat-
terns really support the interaction between user and interface. Also we intend
to expand the patterns for other digital platforms as IoS and Web-Responsive.
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Abstract. Designing the User Experience of an Internet of Things (IoT) pro-
duct is a complex activity that requires multidisciplinary and specific compe-
tencies and that raises new challenges for designers. In this context the IoT
Design Deck [1] is a method to help design teams to collaborate in order to
design a connected product and an omnichannel service. The main strengths of
the method are: to create a common language and a common knowledge base to
help multidisciplinary teams working together; to focus on UX factors rather
than on technological ones; to discover and use the potential of the IoT and take
into account its threats; to have a service oriented approach rather than a device
centrical one; to accelerate the design process. In this work we present the
evolution of the method, obtained through a test campaign, made with experts
and non-experts, and a redesign phase based on tests results.

Keywords: User experience design * Internet of Things *
Human computer interaction - Co-design - User centered design -
Service Design

1 Introduction

The Internet of Things is a new technological paradigm that is changing the way we
interact and relate with digital contents and services, reshaping our world. As an
evolution of the concept of Ubiquitous and Pervasive Computing [2] physical elements
like objects and spaces are becoming connected and able to share information. From
the perspective of the user it means that digital contents and services may be accessed
by a multiplicity of new channels (i.e. a smart fridge could suggest a recipe and then
share it with a smart food processor) but the most important point is that the fusion of
digital and physical worlds, together with Al and machine learning, enables a huge
number of new services and possibilities (i.e. a smart fridge could learn the habits of the
user, suggest a diet that takes into account the user’s activity level and her health
conditions and so on).

Designing this new type of services and products means to face a wide set of new
challenges [1] like trust, privacy, human-human and human-machine relationship and
many others. It requires also multidisciplinary and specialized competencies and
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presents an high level of complexity due to the multiplicity of variables to be con-
sidered. For this reason new methods and tools are needed to support designers and
professionals involved in the design of connected products and omnichannel services.
The IoT Design Deck, as described in our previous work [1], is a method to help
multidisciplinary teams to co-design the User Experience of connected products and
omnichannel services. In this work we present the evolution of the method based on a
series of tests and a redesign phase.

2 10T Design Deck

As described in our previous work [1] The IoT Design Deck is a method for the co-
design of the User Experience of connected projects and services. Its main objectives
are to help design teams to:

— to create a common language and a common knowledge base to help multidisci-
plinary teams to work together, also with the involvement of users and stakeholders;

— to focus on UX aspects rather than on technological ones;

— to discover and use the potential of the IoT and to take into account its threats;

— to have a service oriented approach rather than a device centrical one;

— to accelerate the design process.

The method could be used for the design of “real” projects but also for exploring
and teach how to design the UX for a connected product.

It is physically composed by several decks of cards and “boards”. The method
follows a design process that mixes the use of cards and boards with common tech-
niques and methods for user research, idea generation and sorting, testing and proto-
typing, to guide the team from the first idea to the prototype.

2.1 Testing the IoT Design Deck

After the development of the first version of the method, we decided to test its
effectiveness in order to improve it. At the best of our knowledge there is no agreement
on a standard method to evaluate a co-design method, so we decided to use a quali-
tative approach to measure if the proposed method was able to help a design team in the
expected way.

Moreover we were invited to take part to the IoT Ideation Expert Workshop
organized by the Chemnitz University of Technology. During this workshop several
co-design method for the IoT were tested and compared.

In the following paragraphs we will describe the tests and subsequent redesign
phase based on the tests results.

First Tests. The first tests were intended to be merely qualitative as, according to the
objective of the method, the outcomes are more related to the experience of the par-
ticipants rather than to a measurable parameter. Moreover, according to the intrinsic
characteristics of the method and to the need of a facilitator, it was possible to manage
just few small groups that, however, could be representative of a real-world condition.
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As the main objective was to test the usability and the effectiveness of the tools we
adapted the well-known Nielsen heuristics [3] and used those evaluation criteria:

— Self-explanation and understandability (system visibility, consistency and stan-
dards, help and documentation): ability of the tools to be understood without
explanation. Awareness of the user about why she is doing something and which
are the next steps. This is also related with the understandability of the labelling and
the textual contents by an heterogeneous audience but also at the logical order of the
elements in the cards.

— Efficiency and ease of use (flexibility and efficiency): it refers to the ability of the
cards to support the action they are designed for with the right amount of user effort
i.e. if there is enough space to write the characteristics, but also if the card
dimensions allows to be sorted, managed and red by several people at once.
Regarding the flexibility, we were also interested to see if experts could “bend” the
tools to use them with the methods they are familiar with.

Moreover, as a way to measure efficiency, we added another indicator:

— Group interaction: the ability of the method and the tools to encourage the inter-
action within the group, the discussion and the exchange of ideas.

We organized a series of workshops to test the method both with non-experts
(students) and experts of UX and Service Design. During the workshops people were
asked to develop a possible solution (concept) starting from a brief (randomly
extracted), defining personas, context of use, functionalities and touchpoints, and
creating a user journey. The workshop had a duration of 3 h.

To collect the data we used the following techniques:

— Observation: made by the facilitators and by the researchers to detect the behaviour
of the participants and the interactions within the group.

— Thinking aloud: the participants were asked to comment while they were using the
cards.

— Focus group: made at the end of the workshop to collect information about the three
points reported above and to let emerge participants’ opinion.

Four tests were made with design students with basic knowledge of UX Design.
We recruited 12 students (different for each test), aged between 23 and 25 years. They
were divided in 3 groups.

The second test was made with the involvement of the members of the UX Book
Club of Rome. Participants were experts and professionals working in the field of UX,
Visual and Service design and software development. They were 18, aged between 25
and 47. They were divided into 4 groups.

There were two facilitators to help the groups. The facilitator had the role to help
the group to use the method and to focus on the project, suggesting tools and tech-
niques and keep the group discussion moving smoothly.
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Results. Regarding the three main criteria selected we obtained the following quali-
tative results:

— Self-explanation: The tools are quite self explaining. Even non-experts were able to
identify the scope and the use of the cards. The preferred one was the “Personas”
card. Even experts and non-expert were able to use it intuitively. Although the
“Functionality” cards was not easily understood by non-experts. Moreover the
process was perceived as not clear, the participants couldn’t easily guess the next
steps of the design process and they needed to be guided by the facilitator. Also the
usefulness of “Action” cards was understood only when explained by the facilitator.

— Efficiency and ease of use: The participants found the dimension of the cards useful
to write and draw concepts. The limited space was identified by someone as an
invitation to be concise. The majority of the participants preferred to write instead of
sketching inside the “Context” and “Functionality” cards.

— Group-Interaction: Participants used the cards to discuss ideas within the group. As
an example they intuitively used the “Personas” and the “Context” cards to describe
some scenarios or possible use cases to other participants. The “Touchpoints” and
the “Threats” cards were used as a library to find inspiration.

During the focus group with the experts we asked them if they would use the
method or some tools in their work. Especially the “Personas”, the “Context” and the
“Threats” cards were addressed to be useful and that could be used even outside the
method.

The IoT Ideation Expert Workshop. On October 2018 our team was invited to the
two days IoT Ideation Expert Workshop organized by the Chemnitz University of
Technology, during which several co-design methods for the IoT were tested and
compared to find the benefits and different approaches of the different ideation tools.
For each method there was a brief workshop follow by a post-hoc questionnaire and a
g&a session.

We condensed the main phases of the method in one hour and a half and we focused
on the main steps of the design process. We started from predefined briefs, randomly
chosen by the participants. The successive steps were defining personas, context of use,
functionalities and touchpoints and creating at the end of the process a short user
journey. The participants were divided into three groups of six persons each, composed
by IoT experts (designers and engineers) and students from the Chemnitz University of
Technology. In each group there was a facilitator who guided the participants during
the different phases.

This test was very helpful to analyze and improve the method and also to compare it
with the six other IoT design techniques. It allowed us to focus on specific topics as: the
target (experts or not), the focus (teaching, exploring, designing), the type of support
used (cards, objects, etc.) and the necessity or not of a facilitator during the workshop.

It was useful to see how the different methods involved were different from each
other, despite all of them was IoT ideation tools. After all the workshops we identified
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some main differentiation between the different ideation methods and we so have been
able to position our method more clearly in relation to the identified variables:

The ideal target for which the method is created (students, experts, etc.). Looking at
the ideal target for which the tools have been designed we notice that some methods
seems to be more appropriate for teaching context while others are more business
oriented. The IoT Design Deck can start from an idea generation process, useful for
consultancy purposes in business contexts, or can start from a predefined brief for
shorter teaching context.

The focus (on technology, user experience, product design, etc.). From this point of
view, the IoT Design Deck has clearly its roots in the UX Design, while other
methods seems to have more influences coming from product design or from
computer science. The biggest difference with the other methods is that in the
“Actions” cards there are some user research methods that can be used in the first
part of analysis.

The type of supports used (cards, objects, etc.). About the type of supports used, all
the methods have cards, most of the methods have boards and, in some cases, they
use also 3D printed elements (i.e. U41oT [4] and Cards’n’Dice [5]). The IoT Design
Deck doesn’t include other elements in addition to the cards and to the canvas.
The necessity of the facilitator’s presence during the workshop. Each method has a
different flow that has to be known or explained at the beginning of the work-
shop. The IoT Design Deck needs a facilitator, expert of UX, that masters the
method and that can perform actions like giving the “Actions” and the “Threats”
cards to the participants. This could be a weakness if compared to more self
explaining methods like Tile Cards [6] or Know Cards [7].

Results. The feedback from the post-hoc questionnaire and the q&a session with the
other experts have highlighted different aspects of the IoT Design Deck, already par-
tially emerged after the first qualitative results. The received feedbacks were very
useful for the redesign of the second version of the method and we grouped them
according to the criteria previously identified:

Self-explanation and understandability: The method was perceived generally as not
self-explaining for non experts. Indeed it was perceived especially suitable for
design experts, like product designers, interaction designers and service designers.
Half of the workshop participants has also perceived it useful for technology experts
(i.e. engineers and computer scientist) and professionals working in the smart city,
smart home, health and cultural heritage fields. It was interesting to note that only
few experts involved in the workshop session perceived the tool useful for non-
experts, aspect closely related to the necessity of the presence of a facilitator during
the design phases. The facilitator has been indicated as fundamental for the
understanding of the process and the correct execution of the workshop. The aspects
considered less clear were principally the order of when introduce the different
cards, the lack of a overview of all the design steps and the relation and interaction
between the cards, the brief and the concept. Another pain point emerged during the
workshop was the lack of a support to document the scenario, the ideation process
and the solution. Some participant suggested to create a user manual and/or boards
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that could explain better the design sequence also to non-experts and making the
presence of a facilitator less essential.

— Efficiency and ease of use: The aspects considered most positive were the good
color scheme used, that allows a clear distinction between the card groups, and the
appealing design. The “schemas” cards, with fields to be filled up with text or
sketches, were considered useful to enlarge and customize the project, allowing to
go beyond a simple assemblage of reference cards.

— Group Interaction: The tool was considered a useful tool for generating, detailing,
presenting and discussing ideas with others.

As regards the application context of the IoT Design Deck it was perceived as not
focused on a specific context and useful to design different connected products or
services. From the methodology point of view “Action”, “Input”, “Output” and
especially “Threats” cards were considered the most interesting to provide inspiration
during the design phases.

3 Redesign of the IoT Design Deck

According to the tests results we began a redesign process to fix the problems emerged
but also to integrate new research outcomes and new technological trends. The redesign
process was focused on the following key point:

— Self-explanation and self-use of the method: the method should be used without the
presence of the facilitator and the design process should be smooth composed by
clearly separated steps. In order to achieve this results other two sub-steps where
needed:

— Process redesign: to make it simpler and clearer;

— Design of a Quick-Start Guide: an handbook to guide an individual or a group to
the use of the method even without a facilitator;

— Cards and boards redesign: fixing the labelling problems (to allow self expla-
nation) and design/re-design of the boards to support the new process.

— Cards update: adding new cards according to new research outcomes and new
technological trends.

3.1 Process Redesign

The objective of the redesign of the process was to make it faster, agile and self
explanatory, with the possibility to avoid a facilitator using a handbook. The first step
was to consider the starting point of the method. As it could be used on real projects or
for teaching we must take into account if the users will start from a brief or should
generate ideas. For this reason we kept and updated the “Brief” cards, a deck with a set
of precompiled briefs useful for teaching purposes. Moreover we designed some
techniques to use the cards, to find inspiration and generate new ideas.

Moreover we defined precise steps, defining the inputs, the outputs and the tools
and methods to be used (or suggestion well-known methods for experts). To do this we
took as a reference the Double Diamond process [8] that maps the design process
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through two cycles of divergent and convergent thinking, one for the problem defi-
nition and one for the design of the solution. As one of the goal of a design team is to
produce project documentation, we identified some key moments in the design process
in which the team could save useful information like the research results, the value
proposition the user journey map, just arranging the cards and taking pictures or writing
information on the canvases.

A Quick-Start Guide, further described, was created to guide the user through the
new process.

The steps are the following:

— WarmUp: It is a preparation of the design stage and it shows some exercises for ice-
breaking before starting to design; moreover, the warm up section also illustrates
the Design Double Diamond.

— Discover: This is the first step of the design process and it helps users to seek for a
specific problem to solve. Designs do not have all the same starting point: some
designs arise from a specific request from a customer or a company, while others
start from a given brief or an intuition or a problem to be solved. Whatever it is the
starting point of a design, it is important for the designers to discover the context
they are moving around, to find out as much as possible about the problem to be
solved, its characteristics and current solutions. Exploring a problem’s space at this
stage will help later to clearly define what is the problem to be solved. This stage of
the design process is mainly based on research, that could be made in several ways,
starting from sources like online or academic sources, personal experience or
observation and interviews with customers. The problem discovery stage can be
accomplished by filling the “Problem Discovery Canvas”.

— Define: The definition step is an important moment of the design process that can
compromise or support the future design choices. As the design process is iterative,
designers should carefully refer to the “Problem Discovery Canvas” filled before
and check whether if they are following the emerged insights or if they are going off
the road. The definition stage consists in the filling of the final section of the
“Problem Discovery Canvas”: the “How Might We” section.

— Concept: The concept stage drives the design team into the definition of the value
proposition of the concept they are willing to develop. The concept stage consists in
diverging and then converging on ideas: a first part of the exercise asks designers to
generate as many ideas as possible, by using the “how might we” section on the
“Brainstorming Canvas”. Each participant of the design session tries to address five
creative answers, keywords, inspirations related to the “how might we” challenges.
All ideas collected should be selected, organized in clusters, voted in order to define
aranking of emerged ideas; then each participant tries to ideate, sketch and present to
the others a personal concept idea related to the selected themes, by using the
Brainstorming Canvas. A further discussion is necessary to select the concepts
presented. Participants should be aware that this process of divergence and then
convergence on a concept could lead to divert from the initial challenge. The concept
stage is iterative and could be repeated as many times as needed. If designers notice
that they are going off-topic or if ideas are not satisfying, the concept stage could be
started again.
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— Design: The design stage has the objective to help designers in defining all the core
elements of the project and to let them use these elements to visualize all the project
in a glance. Using a physical support for each element of the project helps designers,
especially in co-design sessions, to quickly prototype a user journey and easily
understand whether if it works or not, or to have an overview of the touch points in
the project ecosystem. During the design process, designers define personas, contexts
and micro moments by using the specific fillable cards. Subsequently the guide drives
designers in the definition of the core functionalities, the touch points through which
functionalities are enabled and the related inputs and outputs.

— Prototype and Test: this phase is to be seen as complementary of the Design one.
Indeed prototyping is a way to answer to a question. For this reason there are
different types of prototypes like functional prototypes, to check is the idea is
feasible, or experiential prototypes, to test if our design choices will give a good
experience to the user. During the prototype phase designers will be invited to create
and test experiential prototypes even of a single feature of the project especially if
they need to decide among design alternatives.

3.2 Cards Redesign and Update
During the redesign process we undertake different actions:

— redesign of the structure and labelling of existing cards (“Functionality”” had become
“Function” cards);

— reorganizing the content and the category of existing cards (“Action” cards had
become “Tool” Cards);

— creation of new set of cards, “Micromoment” cards, useful in certain part of the
process;

— updating of the content of the existing cards: revising the text of the cards adding
some new research outcomes and popular technological trends.

Function Cards. Since the first test we noticed that the “Functionality” cards where
hard to be understood in their scope and use so we redesigned them. As nobody used
the sketch field we canceled it and we provided 4 fields: function’s name, what the
system does, user’s action/intent supported, notes. In that way we want the designer to
focus on the objective/task that the function helps to accomplish and what the system
should do (i.e. the user wants to eat and the systems automatically orders the preferred
food). We also changed the name in “Functions”.

Tool Cards. This was a rearrangement and an update of the “Action” cards. A problem
in the comprehension and the autonomous use of the “Action” cards was that it con-
tained techniques that are useful in different moments of the design process. We decided
to change the name of the deck to make it more understandable and to divide it into 4
sub-categories that are useful in certain steps of the new design process designed:

— Inspiration: Techniques or design principles to find inspiration. Useful in the idea
generation phase and, in general, in every moment when the creative process needs a
boost. As an example the “Empathy tools” card suggests to use objects or simulate a
situation context to experience how your user would feel like.
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— Research: Techniques to collect qualitative and quantitative data useful to develop
the project. As an example the “Quick Ethnography” card suggests to spend some
time with people that represent the target, trying to understand how they behave.

— Sorting: Techniques to sort ideas, useful after a process of idea generation or when
you have to choose among different alternatives. As an example there is the “dot
voting” technique that helps a group to quickly vote and rank different ideas.

— Test: Techniques to test the solution designed, even in an early stage, as an usability
test.

Micromoment Cards. This new type of fillable card is used to have a more detailed
description of the context and the intention of the user that is about to do something.
This is based on a research made promoted by Google [9] which define a micro-
moment as an “Intent-rich moment when a person turns to a device to act on a need- to
know, go, do or buy”. As Google made this research to understand how people use
smartphones to have support in the accomplishment of a certain tasks we adapted the
concept to the IoT scenario, focusing on how a user could use smart and connected
objects/environments to answer to a certain need. In the “Micromoment” cards the user
should indicate the intention of the user in that moment, the contextual needs and
constraints and the objects and environments that could be used. Especially the last two
fields could be used to have inspiration to create innovative touch-points for the service
that will support the user.

The “Micromoment” card could be considered a child of the “Context” card. Indeed
in the definition of the user journey the micro-moment is a detail of something that
happens inside a context. As an example if the context is a smart-kitchen the micro-
moment could be “I want to prepare the dinner”, the contextual need could be finding a
recipe based on the food available and the objects that could be “enchanted” with IoT
features are the fridge and a frying pan.

Updating of Existing Cards. We updated the “Input” and “Output” cards stressing
more on the interaction with conversational interfaces like vocal assistants. In the
“Threats” we added cards about the design for failure (i.e. considering false-positives
and false negatives in an Artificial Intelligence system) and the “Inspiration” deck we
suggest to design for trust (i.e. trust that a self driving car will turn when we expect it to
do it). (Fig. 1)

Fig. 1. “Function” and “Micromoment” cards front and back.
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3.3 Design of New Tools

In order to guide the designer during the design process we created some tools that are
helpful in certain phases to synthesize ideas and to create project documentation.

Problem Discovery Canvas. The Problem Discovery Canvas is divided into different
sections that examine the characteristics of the problem, the people involved and
contexts where the problem takes place. The impact of the problem can be analysed
under the social, economic, environmental perspective, so does the context, that can be
analysed on physical or social perspectives. The strength of the canvas is that it helps
designers to look at the problem from different points of view and to split it in sub-
sections in order to analyse every single element of the problem.

The Problem Discovery Canvas also invites designers to think about the competitors
already working on the problem identified, in order to identify who is already solving
that problem and how. Analysing the state of the art is also an useful tool to find out
best practices in a specific field.

The last section of the Problem Discovery Canvas makes designer think about
possible solutions to the problem identified. The “How might we” method is largely
used in service and user experience design and its output is not the perfect, final
solution, but a set of opportunities for design. A good “how might we” session is a
powerful tool to frame the problem identified and to generate insights for the brain-
storming stage.

Brainstorming Canvas. During the idea generation phase the participants needs to
share ideas. It is useful to make it in a written form because it helps to share, compare,
select but also to save all the alternatives that have been considered. The canvas is
really simple, it has a space for a title, a sketch, for a description (that have to be short
because the space is small).

Concept Definition Canvas. Its objective is to help the team to focus on the value
proposition of the product/service. A fill-the-blank form helps the user to create a
concise and effective value proposition that the team will use in all the design process.
The fill the blank is: “Our project (project name) allows (target users) to (users’goal) so
(outcome)”.

However, as the process is iterative, this definition could change over time so there
is the field notes that will help to keep track of the changes with the corresponding
motivations.

Boards. In the first version we designed some boards or decks to organize the cards in
order to visualize specific aspects of the project like the user journey map or the system
map. However the dimension of the cards (A6) forced to make the boards really big,
moreover many experts have their own way to create those visualization. As a con-
sequence we decided to avoid the use of printed boards just describing on the Quick
Start Guide how to use the cards to visualize some specific aspects like the user journey
map, but without forcing to a fixed schema.
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4 The Quick Start Guide

The Quick Start Guide for the IoT Design Deck was created as an answer to the need
for a guidance revealed during the test session in Chemnitz. We decided to design a
guide to be included in the IoT Design Deck box, useful to those who want to use the
tool by themselves.

The Quick Start Guide is an introduction to the IoT Design Deck methodology and
objectives; it is divided into seven sections, each of them corresponds to a different
stage of the design process. In order to introduce readers to their first usage of the deck,
there is also a “welcome” introduction, describing materials and information that will
be valid for all the future design sessions.

A relevant element introduced in the Quick Start Guide is the chance to skip some
steps of the design process, according to the needs and time constraints. Many of the
design stages have optional tasks to be performed only in longer design sessions.

Furthermore, the welcome section introduces the icons that occur during the
reading, suggesting the use of a certain card in a specific moment. Some of the icons
refer to the tool decks and represent a call to action. For example, the “sorting deck”
icon appears when it is necessary to pick up a specific sorting technique from the deck.

Another symbol often present during the reading is the camera symbol, that sug-
gests readers to take pictures of what they are doing in order to get documentation of
the design process. Taking pictures can also be useful to save all the possible cards
configurations: designers can realize a touchpoint matrix or a customer journey without
the need of replicating certain cards. Moreover, pictures can be useful tools for further
presentations of the project.

The structure of each section in the Quick Start Guide is organized as follows,
except for the welcome section.

Every stage is presented with a short description page and step by step indications,
that also indicates if a step is mandatory or optional. This allows the team to choose
between a full or fast design session.

The short description is a page that quickly illustrates:

— What designers will do;

— Which materials of the IoT Design Deck are needed to complete the task;

— The average duration of the task;

— How many participants can be involved in this activity, expressed in a range;
— The energy effort required;

— Whether the facilitator is necessary, optional or unnecessary;

— The expected output.

The step by step description, instead, offers a deeper understanding of the actions
that will be performed in that stage, including useful tips about the usage of certain
cards (i.e. how and when it could be helpful to have insights from the tool decks).
(Fig. 2)
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Fig. 2. Contents from the Quick Start Guide.

5 Future Works

In relation to its topic the method is in a constant evolution. In the next steps we are
planning another test campaign, to evaluate the redesign implemented. Moreover as the
method at the moment is general purpose, we are planning to develop domain specific
cards (i.e. smart home, smart city, e-health, etc.) in collaboration with domain experts,

to make it more specific and helpful for a professional use.
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Abstract. This paper illustrates the heuristic evaluation of a web-based tool for
usability testing for Public Administrations called eGLU-box. eGLU-box is an
online platform aiming at supporting practitioners in the process of designing
usability tests, analyzing data, and helping step-by-step participants to complete
assessment tasks. Web users of Public Administrations can report their per-
ceived quality of experience by completing a library of questionnaires shown to
them by eGLU-box at the end of the test. This work is part of a multi-step user
experience (UX) evaluation methodology to assess the platform. The UX
evaluation methodology of eGLU-box uses standard and bio-behavioural eval-
uation methods. This work shows the results of the heuristic evaluation of
eGLU-box involving five human factors experts and 20 practitioners working in
Italian Public Administrations. Findings show that most of the problems are
rated as minor problems and related to Nielsen’s heuristic, “visibility of the
system.” Only 9% of problems are rated as major problems. These major
problems are related to the “problematic match between system and the real
world” heuristic. Evaluators provided indications for improvements that will be
applied for the next version of the platform.
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1 Introduction

Remote usability evaluation tools are becoming more and more relevant in the field
because they allow practitioners to reach wide and differentiated pools of test users at
the same time, with lower costs and efforts than traditional laboratory usability
approaches. Remote and automatic usability evaluation methodologies ask users to test
web interfaces in their usual work or living environments while evaluators collect and
analyze data by remotely controlled systems [1]. During the remote automatic
assessment, evaluators do not directly monitor users during the interaction, but they
remotely analyze their behavior collected by log files (e.g., [2, 3]). The limits of these
tools are that (i) they often capture users’ logs without analyzing them, (ii) they are not
able to detect detailed information about users’ actions such as facial expression
recognition, (iii) they need to be pre-installed in the client’s device (e.g., Morae, https://
www.techsmith.com/morae.html), and (iv) they are often not platform-independent [4].

This work describes the heuristic evaluation of eGLU-box, a new remote semi-
automatic usability assessment tool that overcomes each of the aforementioned limits.
eGLU-box is a re-engineered version of a previous platform called UTAssistant [5-8],
a web-based usability assessment tool developed to provide the Italian Public
Administration with an online tool to conduct remote user studies. Both UTAssistant
and its renewed version eGLU-box are designed according to usability guidelines
provided by GLU, a group working on usability founded by the Department of Public
Function, Ministry for Simplification and Public Administration in 2010. The latest
version of the eGLU protocol (eGLU 2.1) was released in 2015 [9, 10].

The re-engineering process of UTAssistant was made possible by previous studies
by Federici and colleagues, who evaluated user experience (UX) expert users of public
administration (PA) websites [6]. In laboratory conditions, they used psychophysio-
logical techniques [5] to measure the underlying reactions of participants through the
recognition of facial expressions and electroencephalography (EEG). This work
describes the usability evaluation of the renewed platform by a heuristic evaluation
with both UX experts and PA practitioners. A heuristic evaluation is a usability
assessment method in which an expert user performs a simulation of a typical user-
system interaction with the aim of identifying critical points and weaknesses by means
of heuristics. Heuristics in the UX context are simple and efficient rules that have been
proposed since 1990 [11] to explain how people perceive, judge, and make decisions
when facing interaction problems with a given system.

The rest of the paper is organized as follows. Section 2 describes the proposed
usability assessment platform. Section 3 introduces the experimental methodology for
the assessment of eGLU-box. Section 4 describes the results. Section 5 is for discus-
sions, conclusions, and future directions.
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2 From UTAssistant to eGLU-BOX: A Remote Usability
Testing Tool for Public Administrations

Italian public administrations are the main public services that can benefit from simple
and easy-to-use remote usability tools for assessing their websites. This is why in 2017
a web platform called UTAssistant was developed in line with the last Italian PA
usability protocol, eGLU 2.1 [9]. Thanks to a UX evaluation of UTAssistant with
expert users [6] and in laboratory conditions with two biobehavioral implicit measures
[5], a re-engineering process of UTAssistant led to the development of the current
version of the platform, eGLU-box. It is divided into two modules, one (the “tester
module”) for the practitioner who has to create, administer, and analyze the test, and
another (the “end-user module”) for end-users for whom the test is intended.

eGLU-box aims to facilitate evaluators in performing evaluation design activities
such as creating a script, defining a set of tasks, or deciding which questionnaire to
administer by means of three wizard procedures. Firstly, it guides the evaluators in
specifying general information (e.g., a title, the script), data to gather during user task
execution (e.g., mouse/keyboard data logs, webcam/microphone/desktop recordings),
and post-test questionnaires to administer. The second procedure assists evaluators in
creating the task lists and, for each task, specifying the starting/ending URLs, the goal,
and the duration. The third procedure allows evaluators to decide which users to
evaluate by selecting them from a list of users already registered to the platform or by
typing their email addresses.

The second aim of eGLU-box is to help practitioners to manage all the tasks
necessary for usability test execution such as emailing users with information, carrying
out the evaluation test, capturing the session, and privacy policies regarding data from
mouse/keyboard logs or webcam/microphone/desktop recordings. Each task is strongly
guided by the platform, which shows the task description in a pop-up window and
opens the web page from which users begin the test. To keep the platform as non-
invasive as possible during the evaluation test, all the functions and indications (such as
the current task goal and instructions, duration time, task number, and buttons to
proceed to the next task or stop the evaluation) are grouped in a toolbar placed on top
of the web page. Moreover, the button to proceed to the next task becomes “Complete
Questionnaire” when the users finish the last task and must complete a questionnaire.
During the task execution, the platform collects all data set by the evaluator in the study
design in a transparent and non-invasive way.

eGLU-box automatizes all activities (such as collecting, storing, merging, and
analyzing) related to data analysis, removing barriers in gathering usability test data.
The evaluators access the data analysis results in their control panel by exploiting
different tools that provide useful support in finding usability issues. The next sub-
section provides an overview of the tools. Moreover, the platform calculates the task
success rate (the percentage of tasks that users correctly complete during the test, which
can also be calculated for each task estimating the percentage of users who complete
that task) and visualizes them in a table in which the columns represent the tasks while
the rows represent the users. The last row reports the success rate for each task, and the
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last column depicts the success rate for each user. The global success rate is reported
under the table.

When the test is concluded, summarizing the questionnaire results would improve
the efficiency of evaluations. With eGLU-box, the evaluators can administer one or
more questionnaires at the end of the usability evaluation. The platform automatically
stores the user’s answers and produces results by means of statistics and graphs.

The platform analyses audio-video information by collecting and storing the par-
ticipants’ voices with a microphone, their facial expressions with a webcam, and
desktop activity with a browser plugin. The implemented player also provides an
annotation tool so that when evaluators detect difficulties externalized with verbal
comments or facial expressions, they can annotate the recorded audio/video tracks. If
the evaluators decide to record both camera and desktop videos, their tracks are merged
in a picture-in-picture fashion.

Finally, starting from the collected data, the platform shows performance statistics
for each task as well as mouse and keyboard user logs.

Section 3 illustrates the heuristic evaluation for each of the above-described fea-
tures of eGLU-box.

3 The Heuristic Evaluation of eGLU-Box

The study is a heuristic evaluation of the proposed web platform for remote and semi-
automatic usability assessment of a PA website. The evaluation focuses on both the
“tester module” and the “user module” of eGLU-box. Two groups of experts performed
the evaluation, UX experts and PA practitioners involved in the design, development,
and/or management of PA websites. As typically three to five UX experts are required
to find 80% of usability issues [12], the group of experts is composed of four partic-
ipants. A second group composed of 20 PA practitioners also performed the heuristic
evaluation. The two groups followed the heuristic evaluation procedure as described in
the following subsections.

3.1 Methods and Techniques

Heuristic evaluation is a usability evaluation method by which an expert evaluator
performs a simulation of using a system to identify its critical points and weaknesses.
The evaluation method uses heuristics, which are “simple and efficient rules that have
been proposed to explain how people solve, make judgments, or make decisions about
complex problems or incomplete information™ (https://it.wikipedia.org/wiki/Euristica).

In a heuristic evaluation, the expert evaluator interacts with the system interface by
simulating the actions and thoughts of a typical user following representative tasks.
Tasks should guarantee that the system applies the main usability rules. For this study,
we adopted the 10 Nielsen’s heuristics (Table 1) [11], which consist of 10 principles
derived from the factorial analysis of a list of 249 problems detected by numerous
usability assessments. Nielsen’s heuristics are used for the evaluation of the two
modules of eGLU-box, the evaluator module and the end-user module.
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Table 1. Nielsen’s heuristics as described in the seminal work [12].

1. Visibility of system status. The system should always keep users informed about what
is going on through appropriate feedback within a reasonable timeframe
2. Match between system and the real world. The system should speak the user’s

language with words, phrases, and concepts familiar to the user rather than system-
oriented terms. It should follow real-world conventions, making information appear in a
natural and logical order

3. User control and freedom. Users often choose system functions by mistake and will
need a clearly marked “emergency exit” to leave the unwanted state without having to
go through an extended dialogue. It should support undo and redo functions

4. Consistency and standards. Users should not have to wonder whether different words,
situations, or actions mean the same thing. Follow platform conventions

5. Error prevention. Even better than helpful error messages would be a careful design
that prevents a problem from occurring in the first place

6. Recognition rather than recall. Make objects, actions, and options visible. The user

should not have to remember information from one part of the dialogue to another.
Instructions for the use of the system should be visible or easily retrievable whenever
appropriate

7. Flexibility and efficiency of use. Accelerators — unseen by the novice user — can often
speed up the interaction for the expert user such that the system can cater to both
inexperienced and experienced users. Allow users to tailor frequent actions

8. Aesthetic and minimalist design. Dialogues should not contain information that is
irrelevant or rarely needed. Every extra unit of information in a dialogue competes with
the relevant units of information and diminishes their relative visibility

9. Help users recognize, diagnose, and recover from errors. Error messages should be
expressed in plain language (no codes), precisely indicate the problem, and
constructively suggest a solution

10. | Help and documentation. Although it is better if the system can be used without
documentation, it might be necessary to provide help and documentation. Any such
information should be easy to find, focused on the user’s task, list concrete steps to be
carried out, and not be too large

An impact rating is assigned to each problem. The problems are rated considering
the frequency of the problem and the severity ratings assigned by the UX experts to
each problem based on the scale shown in Table 2 [13].

Table 2. Nielsen’s severity rating scale [13].

Not a usability problem at all

Cosmetic problem only. Need not be fixed unless extra time is available
Minor usability problem. Fixing this should be given low priority
Major usability problem. Important to fix. Should be given high priority

AW NN = O

Usability catastrophe. Imperative to fix this before product can be released
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The impact is calculated as the weighted average of the frequency of a problem and
the related severity rating and defines how much a problem would affect the interaction
with a system. Impacting problems with high frequencies and severity are then rated
with high impact ratings.

3.2 Materials and Apparatus

During the assessment, both UX experts and PA practitioners are asked to report any
violated heuristics in two grids, one for the assessment of the “tester module” and
another for the assessment of the “end-user module.” For each heuristic, the practitioner
is asked to report any violated heuristics, the specific problem, the frequency of the
problem, and suggestions on how to solve the issue. The grids were distributed in the
spreadsheet file format. Participants are allowed to use their own laptop devices in
indoor conditions. All tests were done in the Google Chrome web browser and the
latest Windows operating system.

Instructions and tasks were created for the evaluation of the “tester module” and the
“end-user module” and described as follows. The eGLU-box platform was tested on the
PA website Ministry of Economic Development (MISE) (URL: https://www.
sviluppoeconomico.gov.it).

3.3 Procedure

Both UX experts and PA practitioners are asked to evaluate the two main modules
composing eGLU-BOX, the tester module and the end-user module. During each
evaluation, participants are asked to compile the provided spreadsheet file format.

The expert is asked to evaluate the tester’s experience for each of the following
tasks.

Task 1 — Tester Module. Create a new test — Basic information.

Login

Create a new study, name it “Usability evaluation of the MISE website”

Set website URL: to http://www.sviluppoeconomico.gov.it

Set description, name it “Evaluation of UTAssistant”

Ensure anonymity for the participants

Set the following input peripheral devices to capture: microphone, webcam, and
desktop

Set duration to 5 min

e Select questionnaires to be administered to users at the end of the test: NPS,
UMUX, and SUS

Task 2 — Tester Module. Define tasks for end-users.

¢ Create four tasks by setting a title, description, maximum duration, and start and end
URLs (tasks for end-users are reported below in this section)
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Task 3 — Tester Module. Invite participants to the test.

e The tester should invite participants to their test

Task 4 — Tester Module. Open the test to users.

Save the test and make it public to participants
Logout

e Once the test is created, the expert is asked to evaluate the end-users’ experience for
each of the following tasks. Before starting, end-users should log in to the eGLU-
box platform and agree to participate in the test. The heuristic evaluation begins at
the login phase.

Task 1 — End-User Module. Scenario I. You inherited a farmhouse in Italy from your
elderly grandmother. You go to the MISE website to search for information about the
energy redevelopment of your type of building, and you come to know that the Ministry
of Economic Development allows you to benefit from a bonus of tax deductions in the
case of interventions on individual units. To find out more, you need to:

1. Identify the website area related to the incentives for the citizen;

2. Identify the deadline for requesting incentives in case of interventions on the single
real estate units;

3. Look for the designated office to call for more information about it.

e Start URL: https://www.sviluppoeconomico.gov.it/
e End URL: https://www.sviluppoeconomico.gov.it/index.php/it/component/
organigram/?view=structure&id=563.

Task 2 — End-User Module. Scenario 2. You are a non-EU citizen. In your country of
residence abroad, you have obtained a professional hairdresser qualification. You
would like to do your profession in Italy. You go the MISE website to search for
information about it. To find out more, you need to:

1. Identify the list of recognized professional qualifications;
2. View the most up-to-date document regarding the recognition of your profession.

e Start URL: https://www.sviluppoeconomico.gov.it/
e End URL: https://www.sviluppoeconomico.gov.it/images/stories/impresa/
mercato/MethnaniMounir.pdf.

Task 3 — End-User Module. Scenario 3. You are a journalist for a national infor-
mation magazine for agricultural companies. For the article you are working on, you
are looking for the 2018 statistics on rice export authorizations. Starting from the MISE
homepage, you need to:

1. Identify the existence of a page containing the import/export statistics of agri-food
products;


https://www.sviluppoeconomico.gov.it/
https://www.sviluppoeconomico.gov.it/index.php/it/component/organigram/?view=structure&id=563
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2. Look for statistics relevant to the export of rice issued in 2018.

e Start URL: https://www.sviluppoeconomico.gov.it/
e End URL: https://www.sviluppoeconomico.gov.it/images/stories/commercio_
internazionale/agroalimentare/statistiche_2018/export_2018.pdf.

Task 4 — End-User Module. Scenario 4. A friend of yours recently told you that the
Italian citizens are provided with an online information tool that monitors fuel prices in
both Italy and Europe. You want to know more about it. Starting from the MISE
homepage, you try to:

1. Identify the actual existence of an observatory for fuel prices;
2. Identify the existence of an observatory for fuel prices in Italy.

e Start URL: https://www.sviluppoeconomico.gov.it/
e End URL: https://carburanti.mise.gov.it/OssPrezziSearch/.

3.4 Subjects

Four UX experts (50% female, mean age 33 years old) and 20 practitioners working for
the Public Administration in the field of website development and management (70%
female, mean age 52 years old) participated in the study. The experimental sessions
were conducted separately for UX experts, who accessed the eGLU-box platform
through the servers of the University of Perugia and in a single session in a laboratory
with multiple workstations through the PA servers.

4 Results

Severity ratings were computed for the usability problems identified for the tester
module and the end-user module, respectively, as explained in Sect. 3.1.

The numbers of heuristic violations for the two modules assessed by the two groups
of experts according to Nielsen’s heuristics were calculated (Fig. 1). In the tester
module of eGLU-box, heuristics were violated 19 times. The violated heuristics were
“l. Visibility of system status” (68.4%), “S. Error prevention” (26.3%), and “3. User
control and freedom” (5.3%). No other heuristics were violated in the tester module. In
the end-user module, heuristics were violated 31 times. The most frequently violated
heuristics were “1. Visibility of system status” (35.5%), “3. User control and freedom”
(22.6%), and “4. Consistency and standards” (19.4%), followed by “2. Match between
system and the real world” (9.7%), “S. Error prevention” (9.7%), and “7. Flexibility
and efficiency of use” (33.2%). Across both modules, the heuristic “1. Visibility of
system status” comprised 48% of all violations.
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Fig. 1. Violated heuristics for both end-user and tester modules.

Comparisons of the two modules show no significant difference in the frequency of
usability problems between the two modules (t(8) = 1.315, p > .05), meaning that the
two modules have an equal chance of generating errors.

Figure 2 shows the level of severity of the usability problems found in both the
tester and end-user modules. The severity ratings calculated for the tester module
revealed 20% major severity problems, 60% minor severity problems, and 20% cos-
metic usability problems. In the end-user module, 100% of problems were rated as
minor usability problems. Overall, the problems belonging to the most violated
heuristics in both modules (i.e., “1. Visibility of system status,” 48% of all the vio-
lations) were rated as minor usability problems.

Severity of usability problems
Usability catastrophe

Major usability problem I

Cosmetic problem only I

Not a usability problem at all.

0 0.5 1 15 2 25 3 35

m Tester module  m End user module

Fig. 2. Severity of the usability problems found for both modules as defined by the UX experts.
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Figure 3 illustrates the impact of the problems found for both modules. Impact was
calculated as described in Sect. 3.1. The results show that minor usability problems
related to the first Nielsen’s heuristic “1. Visibility of system status” have an impact of
24.5% on the interaction during the test. These problems are related to
misleading/missing feedback that notifies end-users/testers about the effects of their
actions — for example, “notify end-users with clear feedback as soon as each test ends.”
Major problems related to the second heuristic “2. Match between system and the real
world” had 22.3% of the impact. This result shows that although the second Nielsen’s
heuristic was violated only 9.7% of all violated heuristics, it might have a significant
impact on the end-user’s experience. This problem is mostly related to the tester
module and refers to a missing mark warning that all fields during the creation of a test
are mandatory. Comparisons of the two modules show no significant difference in the
impact of usability problems between the two modules (t(9) = 0.922, p > 0.05).

Impact of usability problems

mEnd usermodule  m Tester module

Fig. 3. Impact of the usability problems found for both modules calculated by considering
severity and frequency of each problem.

The evaluators’ suggestions for improvement were collected for each problem. The
areas of the platform that received the most advice from evaluators were grouped into
five parts: (1) preliminary actions to access the platform (e.g., access via link and
login), (2) the homepage (i.e., exploration of the functions displayed in the user’s
dashboard), (3) areas for the creation of a test or agreement to participate, (4) invitation
of users to conduct a test or participate in a test, and (5) the end of a test (i.e., feedback
to users after completing the test or reports of users’ results to testers). In the tester
module, the areas with the most usability problems and the corresponding indications
of improvements concern the end of part 3. The problems with the highest impact on
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usability were related to the heuristic “5. Error prevention” and are related to
missing/unclear feedback during the invitation of users to take part in the test. In the
end-user module, the areas with the highest number of suggestions for improvement
concern the end of part 5. These problems are linked to the heuristic “1. Visibility of
system status” and are mostly linked to missing feedback to users after completing each
task or the whole test.

5 Conclusions

This paper proposed the heuristic evaluation of eGLU-box, a web-based platform for
the remote and semi-automatic evaluation of websites. The platform is specifically
designed for Italian Public Administrations, and it follows the latest usability guidelines
for PAs as recommended by the eGLU 2.1 protocol. eGLU-box is divided into two
modules specifically designed to be used by two main categories of users: the tester
who creates and administers usability tests and the end-user who performs the required
tasks. eGLU-box overcomes the main issues related to remote automatic tools for
usability assessment because it (i) is able to capture users’ logs and provide pre-
processed analysis reports; (ii) detects information about users’ interactions through the
main peripheral devices such as microphones, webcams, and desktops; (iii) does not
need to be pre-installed; and (iv) is platform-independent. eGLU-box is the result of a
re-engineering process on a previous version of the platform called UTAssistant sub-
sequent to its UX evaluation with PA practitioners and in laboratory conditions with
bio-behavioral measures. The heuristic assessment of eGLU-box involved two groups
of evaluators, UX experts and PA practitioners. The evaluators highlighted the critical
points and weaknesses of the system by using the 10 heuristics provided for the first
time by Nielsen and Molich [11]. Results show that the modules of the system have an
equal chance of generating usability errors. No differences in the extent to which errors
impacted the interaction were found. Most of the problems found in both modules were
minor usability problems (60%) related to visibility of the system status. Major
problems (20%) were due to functions that are more system-oriented than user-oriented
in the way they are presented to users. Updates and error fixes of the system will be
performed by following the evaluators’ suggestions for improvement provided in this
study. Future work will focus on the assessment of the updated platform with end-users
recruited via an online platform.
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Abstract. This paper presents the design process and implementation of a
design knowledge repository. In recent years, design evolved into a broad dis-
cipline with a large application field. From an educational point of view, this
design expansion brings the need to rebuild design contents and resources for
both practitioners and learners. We designed and developed a repository of
design resources. The design process followed a user-centered design approach,
taking into account different types of users with learning needs. Design contents
were analyzed taking into account the new challenges and disciplines of design
and the educational needs of practitioners and learners. Three main types of
design contents were identified and also the need to provide tools instead of
simply contents, that is, up-to-date and actionable resources that, at the same
time, lead to reflection and critical thinking. These tools were arranged into a
toolbox, a knowledge repository that became a toolkit. The toolkit provides an
adaptable navigation system that allows either direct access or exploration of the
available tools.

Keywords: Design * Education - Learning contents * Learning resources *
User-centered design

1 Introduction

Design is a ubiquitous human activity used in every problem-solving situation. Over
the years, especially in the second half of the 19th century, the design has been closely
linked to industrial development and associated with artifact production in a variety of
fields [1]. This association between design and product development has led to usually
focus on the application rather than addressing to design itself. Indeed, this is one of the
reasons why generally design has not been deeply studied like a research field. In recent
years design has suffered a significant evolution that led to redefine the discipline and
the designer role. This evolution has displaced the focus from products to ideas, people
and experiences. Consequently, new design disciplines have appeared such as design
thinking, service design, co-design or open design [2]. Despite this expansion and
diversification, there is a shared set of common elements in the design practice,
especially on asking questions, solving problems and the transversality of their
methods and techniques. This evolution brings the need to update the design knowl-
edge field and the related contents for learners and practitioners to use.
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Currently, the availability of design content and resources is very scattered. Most
design content and resources are created and shared within the context of a design
discipline such as product design, graphic design, interaction design or learning design.
This makes difficult to extend the use of these contents to other practitioners or learners
who often come from other design disciplines or even from other fields. Consequently,
these very focused design contents often become isolated and obsolete in a short time.

In addition to that, most of the design contents are published either in a traditional
manner through books or by short specific publications, mostly online, oriented to the
different design communities. This way of distributing and accessing contents makes
difficult for the design practitioners to keep updated on the knowledge of the field and
to learn new competencies and skills in order to explore new possibilities of problem-
solving as well as making and to be able to apply it to projects from diverse fields [1].
As a response, the design community started developing design resources under the
tool perspective, promoting the aggregation of contents through toolboxes. Also, most
of design toolkits are addressed to practitioners. Therefore, there is an opportunity for
providing an open-ended organization of design resources for both practitioners and
design students. Both user profiles are learners, since practitioners are lifelong learners
that face the new challenges of the design disciplines and, in a more autonomous way,
they try to be up-to-date on their discipline. From an educational point of view, stu-
dents and practitioners need to learn and be updated with actionable contents and
resources. Therefore, instead of one dimensional and static contents there is a need for
dynamic tools, fostering among other things reflection and critical thinking as key
professional competencies for the 21th century. This proposal aims to provide users
access to educational design resources in several ways from direct access to explo-
ration, using a navigational system to empower teachers and learners [3]. In addition to
that, we want to provide different levels of depth for each content, depending on the
educational needs of each user.

This paper is organized as follows; the state of the art of learning content reposi-
tories is presented in Sect. 2. Section 3 presents our approach to design and develop
design learning contents. The implementation and evaluation of our proposal are
presented in Sect. 4. Finally, in Sect. 5, the conclusions, limitations and future work are
discussed.

2 The State of the Art

The design of digital knowledge repositories requires a deeper understanding of the
expected users: teachers and learners. Consequently, it is necessary to get a first-hand
look to students learning and to know how these repositories can support them in their
learning processes. Focusing on the students learning, during the industrial age, the
students were expected to learn specific contents through explicit directions from the
teachers, emphasizing the compliant understanding in concordance with the external
and professional expectations [4].



Designing Design Resources: From Contents to Tools 89

Over the last decades, design education has changed, becoming more flexible and
student-centered. These changes not only imply a different point of view of how to
involve students during the education design, but it has also changed the learning goals:
from understanding learning contents to acquiring professional competencies and
skills. In this regard, Samavedham [5] particularly emphasizes the relevance of the
creative and critical skills within the professional competencies for the 21st century.
Therefore, any learning implementation should aim to improve these students’ skills.
One way to improve them is through Problem-Based Learning (PBL) learning envi-
ronments [6]. In this scenario, students are expected to resolve unknown problems in a
dynamic, critic and collaborative way by informed decisions making [7]. This process
is self-directed by the learner, who, by implication, get more autonomy in his/her own
learning process. Furthermore, during this process, they are expected to show what they
have learned along the process of problem-solving [8]. In this context, sometimes also
known as Student-Centered Learning (SCL), students become the very center of their
learning process in an open-ended learning environment [9]. Glasgow emphasizes in
[10] the importance of the learner autonomy in SCL, where “students learn to decide
what they need to know to find success within the class and educational format”. Thus,
learners decide the key components of their own learning process in order to acquire
their individual or collective goals. [9]. It could be understood as a creative work where
learners have to navigate the problem space and iterate solutions to achieve the result,
which is not necessarily known at the outset of the process. Even though, the role of the
lecturer should not be underestimated because they have an important purpose: acting
as a learning facilitator by encouraging learners to explore their learning process [11]
and providing students with the adequate scaffolding in order to build it.

Focusing on the resources used during the learning processes, Wiley [12] defines
the learning objects as “any digital asset which can be used to enable teaching and
learning”. It is commonly accepted that the digital education resources created by
teachers and learners are key components of the knowledge assets in the education
communities [13—15], especially in e-learning settings. In this way, there are a variety
of initiatives that reinforce the importance of providing educational resources to the
educational community in order to reuse and share them through Learning Objects
Repositories (LORs) [16, 17]. It should be noted that these educational resources are
produced in diverse contexts. Rodes-Paragarino et al. [18] analyzing the use of
repositories in digital education highlight the Kooper identification of the three levels
of reuse of educational resources: (a) first level, where the creator of the resource reuses
it, (b) second level, where a member of the same community reuses it and (c) third
level, when it is reused by an outside community member [19]. Thus, this use of
educational resources emphasizes the need to develop a digital educational repository
[18] in order to provide access to the community and allow them to reuse these
educational resources. In this way, some research outcomes show an evolution of the
discussion on labeling these educational resources in order to be found and used by
others, as well as the debate on how to label the “whole learning experience” facilitated
by these resources in order to be transferred to other learning environments [20]. With
the aim to create and share open educational resources, some learning initiatives have
been presented in the last years. These initiatives enable users to use and explore these
educational resources [21] through digital repositories.
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Although this work focuses on digital repositories, it is important to keep in mind
that the knowledge dissemination has not always needed the use of the technology. In
this way, books had been a way to disseminate knowledge to the community who had
access to them since the 17th century. Although, it has to be emphasized that due to the
increment of Internet use during the late 20th century some other typologies of edu-
cational content had emerged. Hence, it is amply studied how this had changed the
nature of resources and information [22]. Wikis are an example of these supports where
the community can find, create and share knowledge. In the same way, specific data-
bases and publications are also an example of content dissemination. Focusing on
technology-based repositories, there are several specific software that allow users to
create and adapt the repository to their needs. Examples of these educational repositories
are MERLOT, CAREO, Paloma, Edua and Ariadne LOR. One of the most used soft-
ware is Dspace, especially in academic communities [23]. This software allows users to
recollect and tag digital content to be shared with their community. Note that it is not
enough to just publish the contents in the repositories to facilitate their reuse. Accord-
ingly, adding metadata to describe the content is very valuable. In this way, most
repository software allows to tag content with the use of metadata. Nevertheless, the
metadata must be well defined and completed and existing related work shows that the
use of metadata in learning repositories is diverse and heterogeneous [24]. Some studies
underline that the current metadata model for learning resources in repositories diffi-
culties for general and universal re-use of contents by users or software pieces [24-26].

Providing tools to learners instead of contents stored in repositories has the
potential of fostering exploration-oriented learning. In this sense, Resnick et al. outlined
in [27] learning tools requirements: (a) Easy to try things out, and backtrack if it is
needed; (b) Make clear to the user what can be done and (c) Pleasurable and fun to use.
In this line, Clemente and Tschimmel [28] demonstrated the effectivity of imple-
menting a toolkit in order to improve the students’ performance enhancement. The
design community has begun to channel the solution providing its members with
design tools through the use of toolkits. In the case presented in this work, and taking
these design toolkits as an example, it is necessary to adopt this solution to an edu-
cational purpose.

2.1 Design Knowledge Repositories

Currently, there are some design-themed repositories aimed to provide contents in a
tool-oriented approach. These repositories are usually called toolkits. It is worth to
mention that most of the analyzed design toolkits aim to provide contents and tools to
design practitioners (Table 1).

Most of the design toolkits provide a predefined classification of the content
according to the creators’ criteria. This predefined classification can be seen as paral-
lelism with the direct instruction learning where the instructors provide the content
classified by their own criteria (sometimes based on external requirements) [29]. At the
same time, only a few of them allow users to filter the results through a filter system. It
should also be noted that most of these design toolkits are designed as action-oriented.
It means that the content is provided by guides or booklets that facilitate the users to
take action.
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Table 1. Analysis of design toolkit’s main features and contents

Toolkit Content Classification system Filters

AC4D Design | Design methods | Process phases and type of content -

Library and tools

Data Data Alphabetical or by function -

visualisation | visualizations

Catalogue methods

Design-led Design tools and | Process phases and alphabetical order |—

research methods

toolkit

DIY Design tools and | Purpose -
Methods

D.P.D Design principles -

Dubberly Design models Projects -

Design Office
Ideos’

Mindsets,

Process phases

DesignKit methods and case
studies
Hi Toolbox Methods and Energizers, Innovation, Self-leadership, | Time available
activities action and team and group
members
High Product design Chronological classification -
Resolution and design
thinking
Medialab Design and Alphabetical Purpose and
Amsterdam | research methods time available
Project of Creative methods | Exercises, generate ideas, group Time available
how dynamics, select ideas and structure and group
projects members
Service Methodology of | Templates types -
Design service design
Toolkit
Usability.gov | Methods, Methods, resources, guides -

templates and
guides

This overview underlines the importance to provide a toolkit, to the design com-
munity, with design tools that allow explorative navigation and also with direct access
to resources like the use of filters. In addition, there is a need to facilitate the share and
re-use of educational resources. Furthermore, in this work, providing tools in the local
language, Catalan and Spanish, was also an incentive, since most design tools are only
available in English.
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3 The UOC Design Toolkit

This work takes place at the Universitat Oberta de Catalunya (UOC, Open University
of Catalonia). It is a fully online higher education institution with a community of more
than 58,000 students and more than 3,100 teachers. Teaching and learning mainly take
place in a virtual learning environment that integrates learning contents, asynchronous
communication, academic services and interaction with teachers and peers. Blaschke
[30] underlines that the main audience of distance learning is mature adult leaders. This
is the case of UOC students, 68,87% of whom are older than 25 years old and 28,61%
older than 35 years old. Moreover, this learner profile is not a full-time student, thus, it
is important to offer them a good learning experience by providing all the components
of the virtual learning environment. Lifelong learners have autonomy in their own
learning process [30]. Furthermore, their personal life takes place in their educational
field, due to the learning process occurs as a result of the learner personal experiences
[31], and the process is adjusted to these experiences [32]. This self-control of the
process facilitates learners to identify their needs and learning goals. Consequently, it
affects the way they plan their learning process and the interactions with the virtual
learning environment.

3.1 Design Process and Methodology

This work followed a user-centered design approach based on the principles of ISO
9241-210 human-centered design process [33]: understand and specify the context of
use; specify the user requirements in sufficient detail to drive the design; produce
design solutions which meet these requirements and conduct user-centred evaluations
of these design solutions and modify the design taking account of the results. From a
research point of view, an Action Research Methodology (ARM) [34] was followed,
which emphasizes consecutive iterations, being modified accordingly on the experience
of the previous iterations. Furthermore, this cyclical nature of the ARM has strong
resemblances with the user-centered design process [35]. Thus, this work presents the
results of the first process iteration and evaluation.

The first phase of the work focused on understanding the context, gathering infor-
mation and defining the users. Since we focused on an educational context we needed to
collect information about learners and teachers and the educational requirements.

With this purpose, the first project iteration was focused on understanding the UOC
teachers’ needs related to design contents. We conducted 8 face-to-face interviews with
lecturers involved in learning courses where the Design Toolkit could be applied. In
these interviews, they pointed out the need to improve the existing learning materials
and transform them to more actionable content but including reflection and critical
thinking. In addition to that, the need to easily access and navigate resources was
identified. Learners should be able to explore the models, principles, and methods of
design and create their own point of view about how they relate to one another and how
they fit within a design process. Also, the need to find easy ways to update the contents
was underlined. Finally, the need for an easy to access platform or repository was
identified, that is, that students from different courses were able to explore the same
learning resources in different ways and that alumni and design practitioners were able
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to access it as an open resource. The information obtained through the interviews was
complemented with the outcome of the literature review, considering both design and
learning science fields. During the research, the need for providing an interoperable and
modular platform that allows easily to update the contents has been reinforced. As a
result, the following findings were identified: unify scattered resources; easy updates of
the contents; provide both direct an exploratory navigation system; provide different
levels of contents depending on the students’ needs and easily share the resources.
Also, in order to foster exploratory learning, the need to provide design tools instead of
design contents was identified.

3.2 Conceptualization and Design

The definition of the toolkit included several functionalities which were really
important for improving the students’ and teachers’ experience in terms of developing
and accessing design learning resources. Digital resources to be used within educa-
tional communities need to be organized, managed, shared and reused effectively [36].
Following the dimensions proposed by Mor et al. [37], conceptualization and design of
each one of these dimensions had been done: users, content, and environment.

Regarding the first dimension, we noticed how challenging it is to define and
implement a platform to be used both by individuals and a group of students [38]. In
this case, the toolkit was designed to be used by different profiles: learners and lec-
turers. But it is mandatory to have a deeper view of each profile. On the one hand,
learner profiles were subdivided, taking also into consideration the life-long learners
(practitioners). On the other hand, the lecturers (teachers) who, in the UOC case, are
both academics and practitioners.

The second dimension is the content and, therefore, design contents were analyzed
according to the new challenges and disciplines of design and the educational needs of
students and practitioners as life-long learners. This analysis, together with the analysis
of the main design toolkits presented in Sect. 2.1 and the findings identified in Sect. 3.1,
lead to the identification of three main types of design contents: models, methods, and
principles [39]. In addition to that, we identified also the convenience of offering a
toolkit that is action-oriented, providing practical step-by-step instructions through
guides and, at the same time, cards (Fig. 1) for reflection and critical thinking, instead of
providing just contents (Table 2). Even though this distinction was done in the type of
content, it was decided to bring them together in one layout. Therefore, the step-by-step
guides are accessible through links in the cards addressing the same content. Thus, the
toolkit allows us to create decision-making systems that can provide a theoretical
overview of the contents or can be a point of reference for decision making [40].
Furthermore, it was decided to provide external resources for each content that allow
users to go in depth in the knowledge. These external resources offer real examples of
each content, providing an overview of the practical appliance, and references to
research publications, bringing the user closer to the academic world. This approach
enabled a step forward towards a toolkit for educational purposes. In addition to that, the
organization of the content through cards and guides allows two levels of navigation,
that is, two levels of depth per content depending on the educational requirements for
each user. Laurillard et al. pointed in [41] that the technology must be appropriated for
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its context of use and must have to add value to the learning process and enable the
learners to achieve the learning outcomes. In this sense, a modular organization was
designed to allow learner and practitioners to use these resources in their own context of
learning and practice, integrating these resources in their own learning environment.

Design Toolkit

PID (00247621 (6]
< Volver

Métodos iQuées?

User journey Esun mitac pas desrti o g3 e un s sgus g cumpli s 155 un et s
un diagrama que incluye el punto de partida y el de final, muestra los pases para segui, los puntes
de decisidn (touch points), reflaja el comportaniento y las expectativas del usuario, incluye las
emociones del usuario y muestra cdmo los factores externos pueden influir en el usuario.

Se pueden hacer diferentes user jourmey para remarcar aspectes concretos del sistema, teniende en
cunta diferantes objetivos. Cada ser journey proporciona | opartunidad de llevar a las persanas

@ definidzs por camings sacundarios, dande el sistema tiens que proveer (3 ayuda necesaria para
E h‘ sohucorarlos grblers que pudan parece:
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Consulta la guia A L ! ; *
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Ar  Dificultad escritura.
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[— Generason Se puede utifizar durante la fase de andlisis o de disefio.
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dado. Por lo tanto, las primeras fases de un user journey deberian ser fjar s obetivs que se

Fig. 1. User Journey card with access to the step-by-step guide

Table 2. Type of contents provided in UOCs Design Toolkit

Learning depth | Objective Learning

Cards Reflection and critical thinking | Design
Guides Action oriented Tasks

As already mentioned, one of the big challenges identified during the interviews
was the need to provide a platform that allows the easy updating of the contents. That
was the reason for choosing Wordpress as the CMS to build the platform since it
provides simple mechanisms and interfaces to upload and update contents.
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The third dimension was the environment. In this way, based on the previously
identified requirements, we designed a toolkit that allows users to access resources in
several ways: direct access, filtered access, and exploration. For example, users can
either directly access a tool if they know which one they need, or they can access by
filtering tools (Fig. 2) or they can explore the available tools in order to identify the one
that best matches their needs. We designed a navigational system to empower teachers
and learners [3], giving them autonomy of use [42]. The designed navigational system
allows: (a) to use the educational resources in different teaching programs with similar
learning goals but with different levels of depth; (b) to access learning resources to
solve learning tasks; (c) to explore learning resources as a way to enhance learner’s
responsibility and autonomy. In this way, it should be noted that, from a constructivism
perspective, students construct knowledge and skills and organize their understanding
through interactions with the environment [43].

Tipologia Hechos

O Métodos O Cuantitativo O Generativo O Con usuarios

O Modelos O Cualitativo O Sintesis O Experto

O Principios O Exploratorio O Evaluacién

Clasificacion

¢ Duracién ﬁ-" Dificultad A Experiencia ) Participantes

m] O o O O o o O o o m] m]
Corta Media Larga  Baja Media Alta Basica Media Alta  Pocos Medio Muchos

X Borrar filtros

Fig. 2. Design toolkit filter options

4 Implementation and Evaluation

The Design Toolkit was developed as a research project at Universitat Oberta de
Catalunya (UOC). It was used and evaluated in several courses and learning programs:
Interaction Design course from the Digital Design and Creation Degree, Human-
Computer Interaction course from the Computer Engineering Degree and User-
Centered Design course from the User Experience Design Postgraduate. Also, the UOC
Design Toolkit is available as an open source learning resource for anyone to access,
explore and learn.

In order to have evidence about the usage and satisfaction of the Design Toolkit
collected data with different approaches: interviews with users, a questionnaire sent to
students and usage data collected by a web analytics application.

A questionnaire was sent to the students enrolled in two editions of the previously
mentioned courses and a set 170 answers were obtained. The questionnaire addressed
questions about the main design decisions of the toolkit. Catalan and Spanish versions
of the same questionnaire where developed since UOC has both Catalan and Spanish
speaking students. In order to process and analyze the answers, the collected data were
merged into one database. According to the answers provided by the students, the
implementation of the Design Toolkit seems to be successfully. As shown below, most
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of the students pointed out that Design Toolkit was useful for their academic and extra-
academic activities. In this way, the students had to answer if they agreed that the
design toolkit contents were useful to do the subject activities. From the 170 total
responses, 82% of them answered they agree or strongly agree with that. Learners were
also asked if the Design Toolkit contents were directly related to the contents they need
to learn in order to follow the subject were the toolkit was proposed. From the totality
of the answers, 78% of them agree or strongly agree that the content was aligned.
Regarding the content, we asked learners if they thought this format was more suitable
than the traditional one (see Fig. 3), 62% of them agree or strongly agree that the
improvement provided by the Design Toolkit was beneficial to their goals.

30
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.1 N
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1 2 3 4 5

Fig. 3. Answers for the question “I think that the format provided by the Design Toolkit is better
than the traditional format to present the contents” (5 indicates strongly agree and 1 fully
disagree)

As pointed above in this work, exploratory navigation is a key factor for successful
learnings. Thus, learners were asked if they used the Design Toolkit in an exploratory
way. Of the totality of responses, 61% of them agree or very agree that the content had
been useful for their extra studies activities (see Fig. 4).
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Fig. 4. Answers for the question “I explored the contents provided by the Design Toolkit further
than the strictly asked by the subject” (5 indicates strongly agree and 1 fully disagree)
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In this way, the data provided by Google Analytics shows that the guides have a
45% exit rate. This means 55% of the users that visit the guides continue exploring
other pages of the Design Toolkit.

Apart from the questions related to learners’ satisfaction with the implementation of
the toolkit, we added some questions regarding the perception of the whole system and
the navigation system. Regarding this last aspect, more than 63% of students say they
see clearly the difference between guides and cards. Moreover, more than 66% of the
students underline the usefulness of the separation between cards and the guidelines.
Asking students about the navigation system and the filters, from the total of the
answers, the 64% affirm they agree or strongly agree about the utility of the navigation
system and the filers (Fig. 5).
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Fig. 5. Answers for the question “The navigation system and the filters provided by the Design
Toolkit are clear and intuitive” (5 indicates strongly agree and 1 fully disagree)

Beside quantitative results gathered in the survey, qualitative results have been
collected through questions with an open answer. We asked for proposals to improve
the Design Toolkit, the implementation, and the contents. The most relevant outcome is
the proposal to enable the PDF download of the guidelines provided by the Design
Toolkit. Currently, this information is only available through the online platform and it
is not presented in a printable way.

In this part of the first iteration phase, we also conducted three semi-structured
interviews with UOC lecturers who had used the Design Toolkit in their class. In this
way, the interview started with a set of questions related to the main goal of the
interview: to know their satisfaction with the use of the Design Toolkit. All the
responders were very satisfied with the UOC Design Toolkit and they expressed they
will keep using the toolkit as a learning resource as well as a professional tool.
Regarding the use of the toolkit they made, all the interviewed participants used the
toolkit beyond the academic activity, making use of it in their non-academic profes-
sional tasks: “I have used the toolkit in professional projects to define the phases of the
process we had to follow”. This use beyond academic activity is also referred by
students who, as shown in Fig. 4, said they used the toolkit in non-academic activities.

Asked about what they liked the most of the Design Toolkit, there were different
answers. P1 said she liked to find a lot of design tools in the same place. P2 answered
she liked the facility to integrate the tool content: “due to the modular classification of
the content it is very easy to use it in different activities like a puzzle of knowledge”.
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P3 emphasized the filter system: “it allows me to find what I need very quickly”. About
the students’ use of the toolkit, the responders said that “In addition to the use of the
toolkit they (students) had to make to carry out the proposed activities, they explored
the toolkit™. This is actually what the students responded at the questionnaire (shown in
Fig. 4). P2 referred that “some of those questions whose content were provided by the
toolkit had better results than whose contents were provided by traditional resources”.
This is in line with the position sustained by Clemente and Tschimmel [28] and the
responses of the students questionnaire shown in Fig. 4.

The last part of the semi-structured interview focused on obtaining suggestions for
improvement to be taken into consideration in the next iteration phase. In one hand, P1
said “the usability of the toolkit needs to be improved, we must lead by example” and
highlighted the need to “allow teachers to update content or add some case of study”.
On the other hand, P2 said she would like to “merge this toolkit resources with other
UOC’s toolkits (about interaction and art)”.

5 Conclusions and Future Work

This paper provides a successful design and implementation of a Design Toolkit. On
the one hand, it fulfills the requirements identified for educational design resources and
content available on the web. On the other hand, the developed and deployed platform
enables the compilation and update of the design content on an easy and intuitive way.
Moreover, the implemented format to show the content, based on cards and guidelines,
and the navigation structure, allows the adaptation of the platform to the specific needs
of the students depending on the activity they are performing: an exploratory search or
an action-based use. The results enable to conclude that the platform has provided
students the opportunity to have an active behavior through the use of an educational
design toolkit [40], acquiring greater autonomy in their learning process [3].

As shown by the results obtained through the research, most of the students were
satisfied with the contents and format provided by the Design Toolkit. However, due to
the qualitative questions, we had some feedback that shows us several opportunities for
improvement, such as the possibility provided by the platform to download the
guidelines as a PDF file, as well as the convenience to increase the amount of content.

As a future work, the navigation system has to be analyzed and, if needed, re-
designed in order to improve the user experience with the toolkit. As part of the
iterative process proposed in the methodology section, future works and improvements
of the platform will be considered in future iterations. All the research provided in this
manuscript can be considered as the first iteration that will be followed by incoming
ones, improving the usefulness and intuitiveness of the Design Toolkit.
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Abstract. An important task in designing control-command systems is defining
components for two essential parts of the system: command and monitoring.
Instead of developing a monolithic executable, designers use reusable blocs,
named components, which are saved in a library. Services Oriented Architecture
(SOA) was introduced in the design of control-command systems to improve
flexibility and reusability [1]. However, this approach does not consider the
composition of the services [2], disregarding this important characteristic in the
design of control-command systems. In some industrial areas such as ship-
building, the component-based approach is typically used since it enables better
legibility for the applications; it uses a modular approach based on the system
architecture recorded on the Piping and Instrumentation Diagram (P&ID) [3].
Each software component is associated with a unique type of equipment. This
approach enables to produce components highly optimized to their functions.
The counterpart is that services integrated in each component cannot be reused
in designing another component. In fact, part of the component services can also
be present in another component (Fig. 1). Including services in component does
not optimize functions reusability. In this paper, we propose an approach that
facilitate and improve the design of quality components whilst complying with
specifications and timelines in a more efficient way; it also reduces efforts
required to redesign services provided by these components.

Keywords: Control-command component -+ SOA - MDE - EUD

1 Introduction

Designing control-command systems includes an important step of components defini-
tion. These components are usually stored in a library. A component is an independent
unit that is combined with other components to make an application. Therefore, designing
a control-command system is made of the components with different views for the
command and the supervision/monitoring parts.
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Usually components are stored in a library which contains the required elements for
creating command programs and control interfaces for the system being designed. The
library often contains two types of components: standardized components which are
highly specialized and white components. The white component is an empty compo-
nent which initial function is not identified but that can be configured to be adapted to a
specific case, this gives bespoke components.

Each software component is associated to a unique type of equipment. This
approach enables to create components highly optimized for their functions. The
counterpart is that services integrated in each component cannot be reused in the design
of another component. Indeed, a part of the services (functions) of a component can
also be present in another component (Fig. 1). Integration of services in each com-
ponent does not enable to optimize functions reuse during the component design. To
solve this issue, a service-oriented components model was proposed by [2]. Never-
theless, this model is not adapted to the design of control-command components.

Component 1 Component 2 Component 3

identic functions

Fig. 1. Duplication functions in component design

Our aim is to improve the approach for components design, to reduce the effort
required for re-designing services and to explore solutions to improve reusability
during components design. For this, we take advantage of the SOA (Service Oriented
Architecture) approach. This approach should enable to encourage quality components
design while efficiently complying with the requirements specification and time con-
straints. We apply our solution to components of an EdS system (Eau douce Sanitaire
in French, sanitary freshwater in English). In this system, several components have
common functions which are redesigned for each new component.

2 State of the Art

Heterogeneity and fast evolution of applications confront designers with an ever
growing complexity [4] and with major challenges of system engineering: scale-up,
administration and autonomy. To propose potential solutions to this problem, industrial
and academic communities looked towards component-based approaches, which are
inescapable since 1990s. These are based on the construction of reusable, modular and
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spreadable software components. In the literature, there are several définitions of a
“software component”, amongst which we select the following:

“A software component is a unit of composition with contractually specified
interfaces and explicit context dependencies only. A software component can be
deployed independently and is subject to composition by third parties” [5].

A software component is therefore a code unit that can be characterised as a black
box. Some component models have been proposed to facilitate design and composition
of components, including models of software components.

Defined by OMG (Object Management Group), CORBA (Common Object Request
Broker Architecture) component Model (CCM) [6] is a model of allocated software
components that specifies distributed and heterogeneous components which are in turn
independent of any platform and programming languages. A CORBA component
model is defined in IDL3 (Interface Definition Language) language and has different
types of ports and attributes that represent configurable properties. CCM enables to
model the complete life cycle of a component by proposing a structure to define its
behaviour, its integration in an application and its deployment in the CORBA dis-
tributed environment. Moreover, CCM provides a global framework for applications
design based on distributed components: specification, installation, processing,
assembly, deployment and execution of components. However, this model is not easy
to implement and does not enable to model adaptive parallel components [7], which
execute parallel activities.

To solve this issue of parallelism, CCA model (Common Component Architecture)
[8] was defined. Indeed, parallelism does not act on CCA components because they are
defined in the same way whether they are arranged in parallel or sequencially. CCA is a
software component model written in SIDL (Scientific Interface Definition Language),
software interface specification language. A CCA component has two types of ports:
ProvidePort and UsesPort that enable, through interfaces, to provide and use func-
tionality of other components. This way, CCA components can be connected to other
components through their ports. Each application made of CCA components will be a
CCA component itself. However, the use of CCA component requires to know its
internal working, which is hardly understandable [4].

A Fractal component model [9] is a consortium project ObjectWeb defined by
France Télécom R&D and INRIA. This model is presented as a specification for the
design of complex software systems (middleware and operating systems), in different
languages such as Java, C, C++, SmallTalk, .Net. Designing such systems requires
definition of Fractal components. These are entities with two types of interfaces: server
interfaces and client interfaces. Server interfaces correspond to services provided by a
component and clients interfaces correspond to services required by the component.
A Fractal component contains either its implementation code (primitive component), or
other components (composite components). Indeed, Fractal enables to build shared
components which can be included in several composites. One advantage of Fractal is
that the developer can customize control capacities of each component, while taking
into account functional and non-functional aspects. However, developers can quickly
be confronted to an increase in programming complexity [4].

Whilst simplifying applications design, existing component models are not adapted
to the designing of control-command applications because they do not allow for easy
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designing that type of applications. More and more supervision software propose
predefined components to assist the designing of control-command systems. However,
getting used to handling these components can take a considerable amount of time. It is
sometimes easier for designers to develop their components themselves.

3 Problem Description

Designing components enables experts to focus on their expert knowledge where they
have most added value [10]. With Component Oriented Programming (COP),
designers use reusable blocs that are the components, instead of building a monolithic
executable. However, reusability remains at high level (component level). A compo-
nent used in a given context (subject area, application in the same area, etc.) is unlikely
to be reusable in other contexts [11]. As an example, components defined for a sanitary
freshwater system are not all reusable for a gasoil processing installation. In fact, some
components are standards and other are bespoke, to respond to a requirement that is
only relevant for the system to be designed. However, bespoke components are rarely
maintainable, because such an approach favors spreading of hacked and incompatible
versions of components that are vaguely similar, of which none is really reusable in the
end [12]. Moreover, in some industrial areas where additional requirements modifying
initial specifications can be added if necessary, inaccessibility to the component code
inhibits adaptation of the code to specific needs by developers [13]. Even if models
such as SMARTTOOLS [14] do focus on extensibility making it possible to add
functionalities to the component as long as they are compatible, it is not possible to use
internal services of one component to create another one. This limits the concept of
reusability at the component level. Easily creating bespoke components and make them
reusable is the first challenge we have identified.

A component designed are often integrated in a library. This library is therefore
made of components that can be combined in different ways to respond to different
needs. Usually, designing a component starts with the choice of programming lan-
guage. Once this and the development environment chosen, how the components
should be developed still needs to be defined. In the components definition, the COP
approach focuses on the individual application rather than looking at a much larger
software process. However, components engineering does not only focus on the
development of software components but can concern all aspects of software devel-
opment, from collecting and specifying requirements up to designing and imple-
menting. Most advantageous to reuse artefacts are often not the software components
themselves but the knowledge of the field and of the generic designs. Software reuse is
more successful if prepared in advance. Until requirements are specified and systems
designed, numerous reuse opportunities may have been wasted. It is then interesting to
rethink, in applications life cycle, the way components should be designed as well as
how to introduce new activities linked to services provided by components.

Search for new ideas led us to look at the definition of a component. A component
should provide services that are specific, accurate, defined and implemented during its
design. However, some of the services can be present in another component. Encap-
sulation of services inside a component makes it difficult to reuse them. Issues of
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interoperability and reuse at the structural level of the component, and not only during
designing of the system, should be addressed. Identifying and modeling reusable
services, and implementing them for component designing, is the second challenge we
have identified.

4 Methodology

Our solution (Fig. 2) is based on the combination of Service Oriented Computing
(SOC), Model Driven Engineering (MDE) and End User Development (EUD) ap-
proaches. It allows to capture expert knowledge for designing services oriented com-
ponents and to facilitate fast integration of evolutions. Applying each of these
approaches enables to build a solution to automatically generate a complete chain of
control-command components from the requirements specification by the expert user
(non-programmer).

Specification of
control-command

service requirements

Improvement Identification of Implementation of
services control-command
services

. Designing of service-
Monitoring and oriented components

analysis

EUSE and
IDM

Reusability of services in
the design of new
components

Simulation to
validate

Fig. 2. Our approach

SOC [15] enables to address the limitations identified in the component approach.
The aim is not to completely replace the existing component approach, but to reuse
some of its principles while adding new ones from SOA. Based on SOA approach, we
have identified and modelled control-command services. Identification of services is
the same as identifying the most used functionalities of control-command systems,
using a user centered approach [16]. HMI centered methods are used to collect business
requirements from different actors in the designing process. The aim is to promote a
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loose coupling between the different technical functionalities of a component. This first
step in our methodology is broken down in several analysis steps. First, we identify the
main business actors of the designing of control-command systems, by analyzing
different parts of the system. Then, we analyze the operators tasks on the components
of control-command systems. This analysis enabled to break down a system in several
sub-systems to identify and list the operator actions on the supervision components, as
well as the system feedback. We also review existing control-command systems to
identify functionalities that are reused inside their different components. With this, we
can identify the main services reusable in the components. Eventually, these business
services are categorized using SOA approach. The step of services identification is
iterated until the designers are satisfied with the output.

After identifying the services, it is required to specify how they are to be built. The
step of requirements specification for the control-command services enables to define
the process by which we establish the physical designing of services and how to
compose them to implement business components. During this step, services designers
specify, for each identified service, its functionalities, exchanged variables and infor-
mation sent back to the supervision operator.

Once these services requirements validated, control-command systems designers
implement the identified services. Each designer focuses on its expertise field, using
interfaces models previously described, and adapted tools. This step of control-
command services implementation enables to transform specifications into graphical
representations specific to each field of expertise (automatism, computing, etc.). Ser-
vices implementation and promotion of reusability at this level enables to reduce
designers effort for designing components.

Despite SOA being presented today as the most efficient approach for the devel-
opment of complex company applications or web applications, in the industry we notice
a lack of analysis tools to support development based on reusability [17], especially for
the development of software components for which operation is known and docu-
mented, but not its internal structure. Indeed, in order to quickly and correctly obtain
control-command components, it is best to capture knowledge from the expert who has
all the functional knowledge of the system to be designed. Designing of services ori-
ented components will be based on EUD/EUSE techniques, which have already proven
useful in the area of industrial supervision [18]. Those techniques are integrated in a
proof of concept enabling to validate our approach. A tool will be developed and will
exploit the previously designed services to easily obtain reusable standard components
and bespoke components. Though our tool, an expert who has no knowledge in HMI
programming (computing) nor in command coding (automatism), easily composes
services to design both command and supervision parts of components.

To quickly take into account component evolutions, the use of MDE is a well-
adapted solution to issues of control-command system migrations from one platform to
another [19]. Implementation of MDE therefore enables to get a complete control-
command chain for the bespoke components and standard components the expert needs
to design its system. The tool enables to design new components from existing com-
ponents, promoting reusability at the level of components functionalities and ensuring a
good coupling between services.
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All designed components could then be simulated, analyzed and reintegrated in the
tool to be improved. The specified services could also be improved and expanded
depending on the identified shortcomings.

5 Case Study and Results

5.1 SOA Implementation: Services Identification and Implementation

SOA recommends to break down functionalities in a set of basic elements
called «services». SOA implementation enables to finely describe the services inter-
action scheme as part of a business process. Services were then identified and deployed
as independent software components. SOA use enabled to skip the step of heavy
components construction (considered as black boxes) for which internal functionalities
are not reusable. Analysis of components present in control-command systems led us to
identify a set of services such as measurer, indicator light, command buttons, etc. Each
service has inputs/outputs (Fig. 3) and service interfaces depending on the interface
meta-model defined in Fig. 4.

Type of measure
Setting of measure
Graphical
representation of
the measurer

Elc.

Display of the

| Mcasure

Measurer
Service

Physical integrable into

process . Examples of Components: ~ —

Hydrophore (HP)
Level Transmitter (LT)
Reverse osmosis
Water heater
Level Indicator (LI)
Level Signal detector (LS)

- Temperature transmitter (TT)

- Temperature Indicator (TI)
Flow indicator (FI)
Flow Transmitter (FT)
Etc.

Fig. 3. Illustration of the measuring service

Figure 3 presents the measuring service that we defined, as well as examples of
components in which we can find this service. Some components can be present in a
same control-command system. Services definition reduce the designing effort on the
system and increase the reusability on other systems, which can have different com-
ponents using the same services. We therefore exploited service properties in the SOA
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meaning: reusability, composability, independence and variable granularity. In good
respect of these properties, we described services interfaces based on the meta-model of
Fig. 4a. Parameters contained in this meta-model have been entered in a spreadsheet by
the business expert, then automatically translated in XML format (Fig. 4b).

[ edaceSenviceMesureursm 3 |
<2xml ver "1.0" encoding="UTF-8" standalone="yes"?2>
<Service ="Mesureur">

<Parameters n
Kind="Input
<Parameters
Kind="Input
<Parameters
Kind="Input"

tion ="Mesure"

"Supervision"/>

n ="Alarme Niveau de Mesure Haute"
"Supervision"/>

tion ="Parametre de Mesure Haute"
n="Command" />

Do od

(a) (b)

Fig. 4. Service interface meta-model

5.2 SOCD (Service Oriented Component Design) Tool
for the Composition of Services in Components

Ideally, encapsulation of each service must ensure its reusability and its interoper-
ability. The SOCD tool developed (Fig. 5) enables the designer without any HMI
programming knowledge nor of command code to create, modify, visualize and delete
command and supervision codes for the components of the system being designed. To
do this, we used approaches based on MDE and EUD techniques to enable fast inte-
gration and reuse of components services.

By integrating these approaches, the proposed interface is made of three areas. The
main area (1 on Fig. 5) displays the list of components already designed. The expert
can modify a component from this interactive list. To modify a component, the user can
click on the component name and the corresponding services are displayed in the area
2. He can modify service parameters by clicking on its name and save the changes
(«Enregistrer» in area 2). He can also delete a service from a component («Supprimer
servicey» in area 2) or delete a component («Supprimer composant» in area 2). The third
area regroups widgets enabling the user to create a new component from scratch or
from an already existing component, to integrate the designed components in specific
software («Test composanty in area 3) and to actualize the synoptic. Synoptic refers to
a top-down approach for design [20] - it is an extract design of a control-command
system which contains composition of necessary components for this system. Synoptic
actualization is useful for designing bespoke components, to integrate them into
automatic or manual design process and to take into account the changes made to
components.

To add a new component from scratch, the user must enter the component name
and choose the services he requires. The user has a choice between three pre-defined
functions as services: measurer, indicator and command. He should be able to define
the parameters characterizing each service through the interface.
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“ SOCD tool V1.3 [E=8[KC]
Apropos Aide
Liste des composants Modifier le composant
[chautte-eau -
cp Nom du ¢ éci O Renommer
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OFB Services :
o 2
TRCH Voyant
MesTn
1 MesT
MesS

MesTps

Ajouter service

| Supprimer composant |

| Ajouter composant 3 Test composant

Ajouter a partir d'un composant existant : 1Cnauﬂeean ‘v Actualiser synoptique

Fig. 5. SOCD tool for designing services oriented components

Adding a new component based on an existing component relies on the reusability
mentioned in the EUSE approach [18]. The tool proposes a list of existing service
oriented components for the expert to choose an existing component in the field
«Ajouter a partir d’'un composant existant» (Fig. 5) (in English “Add a component
using existing one”. Once the component chosen, the user can modify, delete or add
new services to the component being created. This way, he chooses to reuse services of
an existing component and to add new services; this leads to a time gain in the first
designing steps.

Information related to user inputs during component designing is recorded in an
XML file. This file enables MDE implementation for the automatic generation of
command and supervision codes after the component creation. Once generated, the
component can be tested by the expert using the «Test composant» button on Fig. 5.
This button enables the expert to integrate component command codes in Straton tool
[18] and its supervision codes in Panorama E2 tool [18], to visualize command views
and components supervision respectively.
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6 Evaluation

To validate the usefulness of our approach and the usability of the developed SOCD
tool, we carried out user testing. User testing enables to understand the user real
objectives and to identify any issue with using the tool. This method is efficient to
increase a system or product ergonomics since it identifies up to 95% of ergonomic
problems [21].

Tests of the SOCD tool are carried out with future designers, to check whether they
would be likely to use our approach in designing component by services association.
We also want to ensure that the interface will respond to their needs. We therefore
evaluated the designing of four components: hydrophore, chlorination, water heater and
osmosis. The aim of testing four components is to check the ease of use of the interface
and to lead them to take most advantage of the reusability.

6.1 Method

For this evaluation, tests were carried out with 11 participants (6 students and 5
professionals) expert in process engineering from Polytech Nantes and University
Technology Institute of Saint Nazaire (France) (9 men and 2 women). From 20 to 63
years old, they had a variable experience with control-command components.

The experimentation was carried out with a PC, a 23’ screen, a mouse and a
keyboard and technical specifications were given for the components to design during
the tests. With their authorization, the screen and their comments were recorded during
the tests.

User testing were individual in separate rooms. Upon arrival, a commented slide
show presented the context of the study to participants. They were then placed in front
of the SOCD tool with an experimenter beside them.

Participants were asked to design the four components for which they had the
technical specifications. They were asked to test at least one of the created component
and to observe the result in the supervision view in Panorama E2. They were invited to
think out loud for us to better understand their actions on the tool.

At the end of the test, they were asked to fill a questionnaire AttrakDiff [22] and
another with more open questions to give their views on the tool.

6.2 Results and Interpretation

User testing results were encouraging even if some efforts remain to be made to
improve the interface design. Some missing functionalities were highlighted, such as
the possibility to all new services to components previously created or the arrangement
of the elements on the interface. Despite these minor issues, we observed a good first
use of the tool. Participants noticed it in their comments and the time required to build a
component decreased from the 2™ component. Participants have been reported to
appreciate the reusability of existing component services to create a new one. Fur-
thermore, the approach of designing components by association of services was well
received. They qualified the tool as controllable, foreseeable, practical, simple, clear,
new, motivating, and easy to use; all being very positive.
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Fig. 6. Average score by items category (AttrakDiff questionnaire)

Figure 6 presents the AttrakDiff questionnaire results which evaluate the perceived
quality of an interactive system. It includes 28 items in 4 sub-scales (pragmatic quality
PQ, hedonic-stimulation quality H-SQ, hedonic-identity quality H-IQ and global
attractivity GA). These different items are detailed in [22]. To analyze the results,
average values are presented in the —3 to 3 range. Values between O and 1 are con-
sidered in a neutral zone, and values outside this zone are considered either as positive
(1 to 3) or negative (—3 to —1).

Scores collected with the AttrakDiff questionnaire are very encouraging. The
average PQ score of 1.75/3 describes the usefulness, utilisability and the success in
carrying out the tasks when using the system. The analysis by sub-scale show that
H-SQ and H-IQ have the lower average scores with 0.74/3 and 0.39/3 respectively.
These sub-scales correspond to hedonic characteristics which are linked to emotions,
affects, etc. These low scores are explained by the fact that the proposed tool is
described as not fun, which some participants found normal since they qualified the
tool as professional. These user tests have confirmed the usefulness of our approach,
the usability of our tool and have evaluated the tool based on measuring scales linked to
user experience. However, the tool must now be improved to better facilitate user tasks,
since user centered design is an iterative process where evaluation is fully integrated in
the designing process.

7 Conclusion

A component is a system element providing a predefined service and capable of
communicating with other components. In the designing of control-command systems,
component design is a very important step. Existing technologies, such as CORBA or
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CCA components, do not fulfill our expectations. Moreover, limits of the component
approach lead us to rethink the way we design components. Our approach combining
SOA, EUD/EUSE and MDE enables us to bring solutions to identified challenges on
reusability and interoperability of functionalities (services) encapsulated in the com-
ponents during their designing.

Integration of SOA techniques made it possible to develop a solution to obtain
components that are simple, modular and with loose couplings. These characteristics
allow for quick and easy recombination of the arrangement of functionalities they
provide. By its approach of designing and construction of services as independent
applicative blocs, SOA facilitates process instrumentation. Our work demonstrates that
this approach can be used for developing services more frequently found in control-
command systems. It led us to the definition and implementation of the SOCD tool
enabling a user that is expert in his field, but not an automatism or computing specialist,
to create and modify or reuse standard components and bespoke components.

Integration of EUD and EUSE approach enabled the reusability of functionalities
(services) internal to components, as well as errors correction. MDE through the
DOM API for the XML files processing allowed for the joint and automatic generation
of command and supervision codes for the components.

Our approach therefore facilitates the designing of components whilst respecting
the information contained in the requirements specification and while promoting
reusability of internal services of a component in different contexts. Thanks to this
approach, the component is not seen as a black box but rather a flexible element for the
designing, which can be handled by non-programmers. Usability (ISO 9241-11 and
ISO-13407) of our tool was demonstrated during the users testing.

In the future work, we will improve the tool to better facilitate user tasks.

Acknowledgements. We would like to thank students and teachers of the Polytech Nantes and
University Technology Institute of Saint Nazaire for their participation to the user tests.
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Abstract. In the design of control-command systems, task models are useful
for collecting requirements about the use of the systems. Indeed, task models
describe actions the supervisor performs to start, to control and to monitor the
system events (alerts, performance messages), to evaluate, to stop a function
(if needed), etc. Depending on the state of the supervised system (for example,
presence of defects), these tasks can be numerous, repetitive and complicated.
This complexity makes it difficult to describe task models, which are therefore
complex, but essential for design. Task models are usually described by HMI
designers using dedicated modeling tools and can be validated with business
experts.

In this paper, we propose a specification process that enables to best capture
system expert knowledge and to facilitate obtaining complex task models based
on their operational expert knowledge. Our approach aims at formalizing and
designing industrial system tasks models in our tool named Prototask Editor
User. With our tool, system experts who are not tasks specialists can read and
adapt the tasks pattern while simulating, verifying and validating it.

Keywords: Tasks pattern + Complex tasks model - Industrial system + EUD

1 Introduction

In the design of interactive systems, taking into account users through tasks models is
inevitable because, for designers, it avoids a lot of errors related to the use of the
system. Indeed, tasks models help to understand the human activity and the use of the
system to be designed. With this model, HMI designers can express human tasks based
on activity analysis to meet design needs. The basic principles of task models do not
differ much from one tasks model to another [1]. The use of task models in a multi-
disciplinary design has become increasingly popular [2].
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Tasks are usually described according to structuring mechanisms. These mecha-
nisms provide temporal operators that allow a hierarchical decomposition of tasks into
sub-tasks, with categorization according to the type of tasks. For a more precise
description of the activity, it is possible to add attributes to the tasks. These attributes
can be optional, iterative, pre-condition and post-condition.

In designing sociotechnical and complex systems, a task leads to a goal (state of the
desired system) that the user wishes to achieve by using a procedure that describes the
means to achieve that goal [3]. Tasks analysis provides a set of data that can be used in
design approaches. It is now accepted that task models are fully integrated into the
design process of control-command systems. Faced with the complexity of these
systems, where the user tasks must be precise and context-sensitive, the design of task
models becomes more time-consuming. In fact, with the actions to be defined, the
states of the system to be monitored (alarms, elements, faults, etc.), the possible actions
depending on the context, the decision-making etc., the design of tasks models is
laborious. In addition to that, the detection and correction of errors during the simu-
lation of these models can delay the design of the control-command system. Indeed,
tasks models are usually designed by the HMI designers and then simulated with the
business expert until they are validated.

To solve these problems, existing approaches offer pattern-based solutions. Patterns
provide a reusable structure for task models allowing designers to focus on the user
needs.

Although tasks patterns facilitate tasks models designing, their definition is often
not easy [4]. In order to facilitate the design of complex tasks models, we propose in
this paper: an approach that allows to formalize and design industrial system tasks
pattern; and a tool named Prototask Editor User. Based on the principle of End User
Development, our tool contains modules enabling the designer to change the name of
tasks, add a basic task, or delete a basic or complex task, in addition of the tasks
simulation principles of the tasks simulator named Prototask [5]. In our tool, the
adaptation process is performed jointly with the tasks pattern simulation.

To validate our approach, we evaluate the usefulness of on a real case study. We
also evaluate our approach with tasks specialists to take into account their needs and
the usability of our tool with practitioners’ designer. Results are analyzed and detailed
in this paper.

2 State of the Art

2.1 Analysis of Operators Activities

The description of user activities on a control-command system in tasks models, is
based on the formalization of specifications. This formalization is firstly based on an
analysis and a review of the literature [6—8] and secondly on feedback acquired through
the analysis of specifications established in real projects and through interviews with
expert designers. With this formalization, it is possible to identify necessary infor-
mation contained in specifications, which must be modeled as tasks. The modeling of
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these information in tasks, brings out global recursive actions, necessary to control a
control-command system.

The supervision of control-command systems consists in carrying out a certain
number of commands which are described as “complex” and classified in four cate-
gories [7]. The first category is about monitoring of the system functions. This task is
the main one for the system operators and takes an important part of their working time.
The second category concerns the manipulation of orders. This task can be performed
at any time (for example: when the system is in permanent regime, when faults are
detected on the system, etc.). In a functional context, for most control systems,
supervisory operations occur when a function starts, when the function stops normally,
or when faults are returned [7]. The third category is the diagnosis of defects. This
category of tasks occurs when a defect is identified by the supervisory operator. The
fourth category relates to administrative tasks (e.g. surveillance tests, verification of
technical specifications, journal maintenance and event reports). These four categories
of tasks detailed in [9] are closely related in a control room.

Bovell, Carter and Beck presented a flow that shows the connection between the
four categories described [7]. However, this flow does not allow to accurately take into
account hierarchical organization of operator activities.

Kluge presented a table containing the sequences of actions which are performed
by supervisory operators [8]. However, with this table, it is not possible to structure
these actions with the necessary precision, to carry out the complex and various
operators tasks in exceptional situations [10].

2.2 Designing of Complex Task Models

Typically, supervisory task templates take into account the specificities of each high-
level function of control systems. One can imagine the complexity in the design of such
models. Several works have attempted to provide a solution to this complexity.
Therefore, during the SIGCHI’97 pattern workshop [11], participants considered pat-
terns as a way to solve complexity and diversity problems increasing in the design of
HMI. The main purpose of patterns is to create an inventory of solutions to help HMI
designers to solve common and difficult design problems. A pattern is defined as a
solution description format for recurring design problems [12].

The study of [4] is among the first work that integrated patterns in task modeling.
They were motivated by the possibility of reusing good design solutions to solve
recurring problems related to dialogue specification, in order to reduce design time.
Their work has highlighted the use of task structures to speed up the process of building
tasks models and integrating them into the design of large-scale industrial applications.

The PSA Framework [12] uses patterns throughout the software development cycle
to extend reusability across all design models. This framework offers a reusability
solution and allows designers to capture and propagate information between the pro-
posed patterns (tasks, domain, structure and navigation patterns, etc.). However, the
concept of linking patterns in a design is not addressed in this approach [13]. In
addition, the approach does not address the transition from task patterns to task models.

Gaffar and his colleagues approach emphasizes another important aspect of the
notion of pattern: the combination of patterns [14]. By combining different patterns,
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developers can use pattern relationships and combine them to produce an effective
design solution. This approach offers a solution and a tool to facilitate the integration
and adaptation of patterns into tasks models, then the transition from tasks models to
concrete interfaces. In their work, several patterns have been proposed to represent
generic tasks models and techniques to transform them into a concrete interface.
However, this tool uses dialog patterns in addition to tasks patterns and when the user
wants to achieve a single goal, he has to take several actions and make several deci-
sions consecutively. The manipulation of patterns is therefore fastidious [13]. In
addition, to be interpreted by the tool, tasks patterns must be expressed in XIML
exclusively. To use the tasks models described in CTT, the authors use Dialog graph
editor [15] to convert CTT files into XIML files.

The PD-MBUI Framework [16] offers a very interesting approach for instantiating
and adapting all models involved in the design process, not just task models. However,
this approach is based on a library of formalized and predefined patterns which are not
usable in all areas of design. The authors plan to extend the modeling concept into an
integrated pattern environment which will support their tool and others based on
generalized patterns which will be independent of any platform and programming
language.

In [13], a pattern language was constructed for the Smart meeting room domain.
This language can assist the designer when he is building models and thus improve the
design process. Tasks patterns belonging to this language allow integration of task
fragments as a design block within the user’s tasks model. The whole methodology is
adaptable to the design of similar patterns in other domains. In addition, the consid-
eration of pre-conditions and post-conditions in the definition of visualization con-
straints related to tasks patterns provides a precision in the description of the latter.
However, the lack of tools does not facilitate use of this language.

3 Problem Description

The description that is made of user activities on a control system, in task models is a
good illustration of the complexity of these models. Previous work has shown that
using task patterns is a good solution.

The simple graphical representation of the supervisory tasks pattern as proposed in
[7], presents only the tasks tree, but no information on the decomposition of tasks,
operators, implementers, etc. The TPML language and its variants make it possible to
represent the patterns graphically and textually, but the instantiation of the patterns is
done with specific tools that exploit these languages. A task model that integrates these
patterns must be described either in CTT [17], or in XIML. Other tasks modeling
languages are not currently taken into account. However, the use of notation such as
CTT to structure the complex activity of operators in supervision is difficult [10]. It is
preferable to be able to describe patterns in any tasks modeling language. Therefore,
the first challenge identified is the definition of complex task patterns. This requires an
approach to build the patterns that describe the tasks of an operator in front of a control
system. This also requires identification and formalization of the so-called tasks.
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On the other hand, current approaches that exploit tasks patterns can reduce the
complexity of designing tasks models. These approaches offer tools based on the use of
task patterns which are stored in a database, for the description of task models. The
limits of these tools are at two levels. First, it’s very difficult to imagine all the possible
patterns for storing them into a Framework. In fact, patterns designed in a warehouse
are not suitable for all areas. This problem was encountered when one was trying to
build task models for a “smart environment” for example [13] and a new pattern
language adapted to this domain had to be built.

Some of the work presented provides tools for moving from tasks patterns to tasks
models. These tools are generally used by HMI designers because they contain con-
cepts that are still complex for end users (expert users). Once the tasks models are
achieved, they are simulated with the end users who have operational knowledge, to
verify and validate them. During the simulation, detected errors can lead to important
modifications in the models. These changes may affect design time of the control
system. The second identified challenge is enabling end users to build complex tasks
models by using tasks patterns.

4 Proposition

Our approach aims at facilitating the design of complex tasks models. The transition
from generic tasks patterns to tasks models is a way to promote reusability and to
facilitate the definition of tasks models. Figure 1 describes the process used to define
the tasks pattern and to transform it into tasks models. This process is detailed into
three phases. During the first phase, we formalize and design the supervision tasks
pattern, by analyzing state of the art and functional specifications information. At this
stage, we analyze the typical situations which may exist in different applications, and
the information that could be used to determine the instances of the patterns. Then, we
choose TPML [14] as the representation formalism. This choice allows HMI designers
to understand the pattern. This formalism contains a modular section which enables to
represent the pattern tree structure. For the graphical representation, we use this for-
malism through the K-MADe task modeling tool [18], to describe the supervision tasks
pattern. The advantage of this representation is to be able to take into account infor-
mation about tasks decomposition, tasks operators, tasks performers, preconditions,
event, etc. at the pattern level.

It would be better to use the pattern directly without going through transforming
processes from a pattern language to a task model representation language. However,
these processes are unavoidable if we want to go from one task notation to another. In
order to facilitate these processes, we formalize and define a generic meta-model so call
ATS (Anaxagore Task Structure), which standardizes the information contained in the
different tasks notations.

For implementing the model transformations, it is necessary to identify the notation
in which the pattern is described. This identification enables to execute the appropriate
transformation and to obtain a uniform tasks pattern.
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The standardization of tasks patterns facilitates the transition to tasks models,
through our developed tool. Our tool is based on the techniques of End User Devel-
opment since it allows business expert to design tasks models without training.

Design, verification and validation of complex task models

[6 ] Formalization
and definition
of ATS
(Anaxagore
Task Structure

Formalization and construction of the tasks pattern > From pattern to task models

Definition of a
consltruction
formalism

Algoeithmaf,
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model for existing
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Tools and
Validation
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of the pattern
description
notation
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tasks pallern

Algorithm for
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pattern to tasks
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Fig. 1. Our approach

5 Implementation and Results

5.1 Pattern Construction Formalism

The description of the TPML formalism fields (Table 1) to adapt it to our context
facilitates the design of the supervisory task pattern. In this formalism, classic fields
such as Name, Problem, Context, Solution, and Relationship are described to help the
designer understand the pattern. The graphic representation shows the tree structure of
the pattern.

Table 1. Representation formalism of tasks patterns based on [19]

Field Description
Name Pattern name
Problem Description of the problem solved by the pattern

e.g. it allows designing task models for high-level function of control-
command system

Context Description of precondition that will be verified before applying the pattern
Solution Description of the problem solution by presenting the procedure to follow
Relation List of the pattern(s) to which this pattern is linked

Representation | Graphical representation of the solution

5.2 Graphical Representation of Tasks Pattern

We describe tasks pattern with K-MADe tool. The tasks patterns are generic tasks
models. Unlike tasks models, task patterns must contain variables that can be adapted
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to different contexts of use, allowing it to be specialized in specific tasks models. For
the pattern to be as generic and as flexible as possible, the description of the hierar-
chical structure of the tasks must include, at least, one variable (for example, instruction
(nl) on Fig. 2). Variables contained in the pattern are tasks name and tasks descrip-
tions. Generic tasks names are those that change from one function to another.

The complete tasks pattern for describing operators activities on a complex
industrial system is presented in Annex 4 of [9].

o

e Na13124

Define instructions

&

! ' J ! b
M na13124.1 fona13i212 e na131213 [ N:4.13.1.2.14
Instruction (n1) instructon (nx) Validate Close the command interface of function (F)
[erémentaice] [erémentaire]
o o o o

Fig. 2. Extract of tasks pattern

To make our approach generic, we used the PIM (Platform Independent Model)
principle: the patterns whose descriptions contain variables can be specified with
modeling tools other than K-MAD. HMI designers can represent these patterns with
any task modeling notation (KMAD, CTT, Hamsters, etc.). However, to facilitate the
exploitation of the patterns in our approach, we defined a phase to uniform the tasks
representation notation.

5.3 Standardization of Tasks Modeling Language

To be independent from task modeling notations, an important step before getting tasks
models is to transform the tasks pattern written in any task modeling notation into a
platform-independent generic notation. For this, we have described a task meta-model
(Fig. 3a) named ATS (Anaxagore Task Structure) that gathers all the information
contained in all existing task notations.

The current created models transformations enable to convert the pattern described
with K-MADe into a generic tasks pattern (Fig. 3b). These transformations will be
further completed to take into account other task modeling notations, such as CTT and
Hamsters. A new model transformation will only be created for using a new task
notation, for the first time.
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5 ATS
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= value : EString © id : EString
© id : EString B Task
© id : EString
© name : EString
= conditionid : EString
© idTaskEvent : EString
© numero : EString
< type : EString
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 interruptible : EString

= precondition : EString

= description : EString
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(a) ATS metamodel

nName="Marche

n] ="false"/>
' TERMINATI
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IATE" "Ra

taskList="K7 K186 K16 K19 ">

(b) Extract of the task pattern according to the ATS metamodel

Fig. 3. Extract of the task pattern according to the ATS metamodel

5.4 From Task Pattern to Task Models

Once the generic tasks pattern is obtained, it can be reused for designing tasks models
of most of control-command systems. Indeed, this pattern can be instantiated to be
adapted to the specificities of the function of which one wants to describe the tasks
model. The instantiation and adaptation are carried out with the Prototask Editor User
tool (Prototask EU). The adaptation process is performed jointly with the simulation of
tasks pattern. Different algorithms have been implemented to take into account all task
model characteristics [9].

The developed interface gradually displays the tasks pattern loaded in the Proto-
task EU tool (Fig. 4), to enable the user to adapt it. In fact, the gradual display of tasks
is carried out like task simulators. Simulation and adaptation are therefore closely
linked.

The proposed interface is in four zones. The main one (frame 1 in Fig. 4) displays
the tasks pattern gradually according to tasks hierarchical organization. It contains
widgets for changing the name of an active task, changing the description of an active
task, deleting an active task, or adding a basic subtask. Frame 2 displays the historic, as
the user progresses into the task tree. Frame 3 groups all preconditions and post-
conditions defined during the creation of tasks pattern. Finally, Frame 4 appears when
the user clicks on the button “Ajouter une nouvelle tiche” (in English “Add a new
task™). All required information needed to add a task must then be entered by the user.
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6 Validation

Our approach and the associated tool were evaluated in three different ways:

e By experimentation, to validate if our approach and tool are helpful to obtain
complex tasks model of any control-command system. This validation is carried out
by developer teams of our tool who have relied on specifications of seven high-level
functions of a control-command system.

e By tasks specialists, who were consulted in unstructured interviews to validate if
our approach and tool (Prototask EU) are relevant in designing of complex tasks
models. We also validate if the usage of Prototask EU tool facilitates the description
of complex tasks models in real project.

e By practitioners, first to validate if end user can use Prototask EU tool to describe
tasks models; then to evaluate the actual usability of the interface.

6.1 Experimental Validation: Case Study

To validate our approach, we applied it for designing the tasks models of seven high-
level functions of an industrial case study. The latter, is a system for the production,
storage and distribution of fresh water, onboard a ship, called EdS (Eau douce Sanitaire
in French, sanitary freshwater in English). Here we describe some steps of the adap-
tation process to present the different Prototask EU widgets and their usefulness. In
Fig. 4, we simulated the tasks pattern up to the task “Fill instructions” to illustrate the
adaptation to the tasks model design for the transfer function of EdS system.

The “pencil” icon (to edit) and “trash” icon (to delete) are active on achievable
tasks. The pencil icon enables the user to modify the task name if needed. The “trash”
icon enables the user to delete a task not required in the current tasks model. It is
important to note that deleting a complex task removes all subtasks related to it.
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The “paper pencil” icon enables the user to modify or enter a description for the active
task. Adapting the pattern to obtain the tasks model of the transfer function exploits all
widgets to modify preconditions, task names, and delete unnecessary tasks for this
function. At the end of this operation, we obtain the tasks model (an extract of this
model is shown in Fig. 5) which is verified and validated for the transfer function.

My na13124 A
Define instructions
T
& 1 & 3 L
%N:dj@?JJ e natzizaz My na131243 M nanzizaa 14 N:4.131215
Starting Tank Arrival Tank volume to transfer Validate Ciose the interface of f ion (f)
o o o o o

Fig. 5. Extract of the tasks model adapted for the transfer function

The same process of adaptation was followed to obtain all seven high-level tasks
models of the EdS system in one hour and ten minutes instead of fifteen hours when
using classical task modelling tool. The tasks models obtained this way contain
required information for the specification of the EdS functions.

Our tool makes the task tree completely transparent to the expert user (system
expert) who has no knowledge of task notations. It therefore gives the user the ability to
customize the task pattern while simulating it, and to obtain checked and validated task
models.

6.2 Tasks Specialist Validation

To evaluate the usefulness of our tool, we have asked two computer scientists (tasks
specialists) for specifying two complex tasks models (composed of 64 tasks and 8
decomposition levels) with our tool and with an existing tool (K-MADe). Each tasks
specialist had to specify the model with both tools. Time required for specification of
the models with each tool was recorded, and the tasks specialists were asked to answer
three questions about their overall impressions.

The results showed that the tasks specialists spent more time to specify the tasks
models with the conventional tool (K-MADe) than with our tool (Table 2), five times
more on average.

Table 2. Specification times with both tools

K-MADe Prototask Editor

Tasks model n°1 | Tasks specialist 1: 00:46:24 | Tasks specialist 1: 00:08:48
Tasks specialist 2: 00:52:11 | Tasks specialist 2: 00:15:01
Tasks model n°2 | Tasks specialist 1: 01:12:17 | Tasks specialist 1: 00:08:26
Tasks specialist 2: 00:56:14 | Tasks specialist 2: 00:16:31
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They explained that the use of the pattern in our tool saved them a lot of time
because they didn’t need to start from the beginning for each model. With K-MADe,
they had to rebuild the tree for each model and found it tedious. The integration of the
simulation with the conception was also an advantage in terms of specification time.
For them, the major advantage of K-MADe is the possibility to see and interact with the
tree diagram. In fact, the absence of the diagram in our tool was disturbing for complex
tasks models and tasks specialists felt lost in the specification process at some points.

Regarding tasks simulation in the tools, the tasks specialists explained that the
frame showing the tasks during the simulation decreases systematically with the
increase of the model complexity (number of tasks). Indeed, the number of displayed
windows in K-MADe increases with the number of tasks. With Prototask EU (our
tool), the number of lines (one for each task) increases with the number of tasks. They
mentioned that this problem seems to be a major issue common to all tasks modelling
tools in the case of complex tasks models designing. They therefore suggested it would
be interesting to improve our tool for trying to solve this problem.

On the other hand, simulation is an unavoidable step in the verification and vali-
dation of task models. The tasks specialists appreciated the possibility of simulating the
whole model in Prototask EU and not just a single scenario like with conventional task
simulators such as K-MADe. For them, the complete simulation of the model offered
by Prototask EU allows a considerable gain in terms of quality and completeness of the
model. Indeed, they explained that our tool forces them to realize all the scenarios and
thus to validate all the model and not only some parts. The tasks specialists mentioned
that the Prototask EU does not allow them to deeply modify the tasks tree contrary to
K-MADe. Indeed, Prototask EU tool allows the modification and addition of new
single task. It does not enable to add a complex task with the choice of tasks operators,
tasks types, etc. They suggested to add more functionalities (edition, insertion, deletion
of operators) to Prototask EU tool for tasks specialists.

In summary, tasks specialists preferred to use Prototask EU for its ease of use, the
completeness of its simulation and also the gain in quality (reduction of errors) and the
time saving.

6.3 Practitioner Validation

To identify potential usability problems of our tool, we have solicited five plan
designers for individual user tests sessions with our tool. They were men between 25
and 57 years old (32.8 years old on average). They didn’t have previous experience in
tasks models design and specification.

The user tests consisted of four steps. First, the context of the study was presented
to the participants (objective of the study and of the tool, some technical notions about
task models that were important for the understanding of the tool, and organization of
the test session). Then, they were asked to use the tool to specify two simple tasks
models (the first one was composed of four tasks, the second of six tasks, both models
with two decomposition levels). The screen and the voice of the participants were
recorded with their agreement during this step. After that, we asked them some
questions to know their first impressions with the tool. Finally, they completed the Post
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Study System Usability Questionnaire (PSSUQ) and a form with personal information
such as age or profession.

These user tests identified some usability problems. We identify three minor
problems. First, the function of creating a new task is misplaced in the tool. This creates
confusion for some elements (for example, placing the new task against existing tasks)
and mixes mandatory and optional fields in the same place, which unnecessarily
complicates the creation process. We also observed problems of title and placement for
some functionalities that were not clear for the participants (e.g. confusion between the
description button and the modification button). Furthermore, they pointed out that the
historic frame was not interactive. Indeed, they can only view their progression and
they wished they could go back to previous tasks through it. We also identifies two
major usability problems that we are going to present with further details.

The first one concerns the preconditions frame. During the test sessions, the par-
ticipants had to activate a precondition for some of the tasks in the models before any
modifications. We have reported the number of clicks participants have done for
activating the precondition associated with the task they intend to specify, and com-
pared it to the minimal number of clicks needed to activate a precondition with our tool
(here, this number is two clicks). The Fig. 6 shows the results. The first time, the
participants clicked 8.2 times on average (min = 5; max = 10), that represents 720% of
additional clicks. Observation of the participants when they were using the tool showed
that they haven’t spontaneously thought to activate the precondition of the task the first
time. In fact, they were clicking randomly on the interface and reported that they felt
lost. Moreover, they had difficulties to identify which precondition is associated with
which task. Indeed, four of the participants have first activated the wrong condition.
However, for the other occurrences of this type of action, we observed a significant
reduction of the number of clicks by the participants, which shows that they learnt how
to do this type of action.

800
720
700
600
500

400

300
180

Percentage of variation

200

100
0 20

Occurrence 1 Occurrence 2 Occurrence 3 Occurrence 4

Fig. 6. Percentage of clicks number variations to activate the good precondition compared to
minimal number of clicks needed
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The second major problem concerns the mode of simulation, which consists in
clicking on the task button to go to the next one. We observed that, the first time,
participants made 3 clicks in average (min = 1; max = 7) while this action only
requires one click the shortest way; that represents 200% of additional clicks (Fig. 7).
Indeed, during the tests sessions, the participants didn’t understand that they had to
click on the task to simulate it and go to the next one. They found it by clicking at
different places on the interface. The number of clicks decreased significantly the
second time the action was required and reached the minimum number necessary for
this action. We can conclude that, even if not very intuitive at the beginning, the
minimum sequence of clicks quickly becomes automatic.

Nevertheless, the participants explained that, with this functioning, it is very easy to
make an error. Some of them have expressed exasperation reactions after clicking
involuntarily on the task button, and others were surprised by the appearance of the
task when it is simulated (i.e. the task name is strikethrough). It seems that they thought
they made a mistake while this was entirely correct.
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Fig. 7. Percentage of clicks number variations made to simulate the task compared to minimal
number of clicks needed

Despite these problems, answers to the PSSUQ showed that our tool has a satis-
fying overall usability quality (Fig. 8). In this questionnaire, lower is the score, better is
the quality of the tool. The overall usability and the other sub-dimensions of the
questionnaire average scores are comprised between two and three, which is signifi-
cantly superior to the mean.



End User Designing of Complex Task Models 127

Bad usability
quality 7,00

* 6,00

2,76 2,71 2,76 2,88
' - I I I I
00

1
Good usability ™ . i .
Y Overall user System usefulness  Information quality Interface quality

quality satisfaction

Fig. 8. PSSUQ dimensions average scores

6.4 Discussion

The validation of our tool showed that the presence of the pattern is an important
advantage for specifying complex tasks models. We have demonstrated through
experimental validation the applicability and the utility of our tool for the specification
of complex task models. This validation, carried out on an industrial study, made it
possible to specify complex task models in less time than other conventional tools.
However, the correction of complex errors detected during tasks patterns simulation or
the addition of complex tasks to the tasks pattern or model leads to starting again at the
design phase of the pattern and repeating some steps our approaches. This may delay
the design of the control system. This problem was also pointed by tasks specialists
during their validation. Indeed, they mentioned the limits of our tool since it does not
allow them to add complex tasks tree with appropriate tasks operators.

Tasks specialists validation has also shown that our tool is a great help in ensuring
quality when specifying complex task models. The simulation of the entire task tree
ensures the completeness of the tests and thus guarantees the quality of the validation
of the tasks models. Using pattern also reduces design errors and avoids repetitive
creation steps for redundant tasks. Tasks specialists also appreciated the integration of
simulation into the adaptation phase (design). For them, this avoids interface changes
for designing and simulation of tasks models compared to conventional tools. Nev-
ertheless, they explained that they need a tool which takes into account more tasks
modeling features such as operators, types for designing complex tasks. The infor-
mation collected from analysis of tasks specialists validation will be used to propose
them another tool which takes into account these features since different end users do
not have the same needs.

To take into account end users needs, we have carried out practitioner validation.
This validation made it possible to check if users who are not tasks specialists can use
the tool for designing their tasks models. The practitioners’ validation showed that the
usability quality of our tool is satisfying. This is because the participants learned
quickly when using the interface for the first time (designing the first task template).
The design of the second task model was therefore quick since they understood the
operation of the interface. The participants declared that the interface remains a tool of
work which they must understand but after the first use it becomes easy. The usability
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problems detected were identified during the first use of the interface. The information
from this validation will be used to improve the interface and make it more intuitive for
the user.

7 Conclusion and Future Works

The presented work provides additional support over existing approaches for designing
complex tasks models. Our goal is to reduce designing time and effort while getting
verified and validated complex tasks models through an interface which can easily be
used by our end users, i.e. non-tasks specialists.

The formalization, construction and use of tasks patterns have enabled us to solve
the complexity and diversity problems that are increasing in the description of
industrial system tasks models. Indeed, the identification of the structure of the
supervisory tasks, based on state of the art and real design projects, led to the con-
struction of a pattern which regroups the operator activities in a control room in a
generic way.

The use of proven software for tasks modeling (K-MADe) to design tasks pattern
by leaning on the TPML, enabled a better description of these patterns. The imple-
mentation of model transformations enables to overcome the constraints related to the
choice of task notation. With our approach, the pattern can be designed with any task
notation. This step may require large model transformations, but these transformations
are only implemented when using a new task notation for the first time.

The implementation of Prototask Editor User tool to support our approach enables
system experts (an expert user who are not task specialists) to read and adapt the tasks
pattern for getting different tasks models.

The three types of validation carried out demonstrated the usefulness of our
approach and the usability of the developed tool. Experimental validation enabled us to
get seven complex tasks models of EdS system functions, in one hour and ten minutes
instead of fifteen hours when using classical task modeling tool. In addition, our
approach can be used in the design of new control-command systems.

Tasks specialist validation has highlighted the benefits of our approach for speci-
fying complex task models. The time required for adaptation is five times less on our
tool than on traditional tools. The accuracy and quality of the specified models are also
improved by our tool which allows the simulation of the whole model and not only
some scenarios. However, tasks specialists have brought out the need for more com-
plex modifications in tasks patterns. Today, to widely modify tasks pattern, tasks
specialists need to go back to their task notation tool (e.g. K-MADe), validate a new
tasks pattern, and repeat the model transformation phase before using our tool.

Practitioners’ validation showed that the usability quality of our tool is satisfying
but can be improved to be more intuitive for the users.

In future work, we will solve the various usability problems of our tool and we will
propose a tool for tasks specialists to enable them to widely modify task pattern and
task models.
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Abstract. A new design methodology for a human-machine system,
which is called Benefits of Inconvenience (BI), has attracted lots of atten-
tion, especially from the people who worry about the harmful effects of
too convenient products and systems. Nevertheless, the definitions of
“inconvenience” and “benefits” of inconvenience differ not only among
the researchers and the general public but also among the researchers.
Therefore, the present manuscript clarifies the reasons why the misun-
derstandings of the above-mentioned definitions occur, and it redefines
the BI by separation of effort and benefits into two types; objective ones
and subjective ones. Moreover, the present manuscript analyzes some Bl
examples from the viewpoint of the new BI definition.

Keywords: Benefits of inconvenience -

Design guidelines for human-machine systems - Redefinition -
Objective and subjective effort -+ Objective and subjective benefits -
Cognitive disuse atrophy

1 Introduction

The previous study [1] named the utilities obtained from inconvenience as “Ben-
efits of Inconvenience (BI')”, and also defined a system that provides BI to users
as a BI system. We proposed design guidelines for the BI and support tools for
designing of the BI system [2,3]. By using the guidelines and the tools, some
BI researchers perform a field-based learning (FBL) or/and a problem-based
learning (PBL) under the theme of designing the BI system. At the beginning
of FBL/PBL, they explain the definition of the BI with plain expressions in
order to promote easy understandings by the participants gathered not only
from university students but also the general public. However, the participants’
understandings of the BI are sometimes different from the original definition
proposed by the BI researchers. This seems to be due to the fact that the defi-
nition of “inconvenience” in the BI is just a little part of conventional meanings
commonly used in the Japanese general public.

! Please note that the BI is not “Basic Income” in this manuscript.
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Furthermore, the differences in the understandings of the BI definition exist
not only among the BI researchers and the general public but also among the BI
researchers. Hence, this study provides a redefinition of the BI in order to clear
up the misunderstandings, especially among the BI researchers.

The present section described the background and purposes of this study.
Section 2 explains conventional definitions of inconvenience and the BI in the
general public and the past BI researches. Section 3 discusses misunderstandings
of the BI, and therefore Sect.4 proposes the redefinition of the BI. Sectionb
shows six different types of the BI definition based on the combinations of the
BI elements, and also analyzes the BI examples from the viewpoint of the com-
binations of the BI elements. Finally, Sect. 6 mentions some concluding remarks
and future works.

2 Conventional Definition

2.1 Conventional Meaning of Convenience and Inconvenience
A Cambridge Dictionary [4] explains meanings of “convenient” as follows:

— suitable for your purposes and needs and causing the least difficulty. Ex.: a
bike’s a very convenient way of getting around.
— near or easy to get to or use. Ex.: a very convenient bus service.

The meanings of convenient in Japanese dictionary are almost the same as the
above definitions. And a meaning of “convenience’ is described as

— the state of being convenient.
On the other hand, a meaning of “inconvenient” is described as

— causing problems or difficulties. Ex.: It will be very inconvenient for me to
have no car.

And a meaning of “inconvenience” is described as

— a state or an example of problems or trouble, often causing a delay or loss of
comfort.

Consequently, the word “inconvenience” has negative meanings implicitly in
general meaning.

2.2 Definitions of Convenience and Inconvenience for Former BI
Researches

In the previous BI researches, convenient and inconvenient have been originally
defined as follows [1]:

— Convenient: Saving labor to attain a specific task.
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— Inconvenient: Not convenient. To require labor in order to attain a specific
task.

The labor? can be classified into two types; physical one and mental one. The
physical labor requires physical body movement, and the mental labor requires
thinking with consuming mental resources. Comparison of this definition with
the above-mentioned conventional definition found that the definition of “incon-
venience” in the previous BI researches is narrower than that used commonly
in our daily life. The definition gap can be thought to be one of the causes to
produce misunderstandings of the BI.

2.3 Former Defenition of BI

Four Types of Systems. Figurel shows that an X-axis represents Inconve-
nience/Convenience and a Y-axis represents Harms/Benefits. The combination
of the two axes yields four types of systems [2]; Harms of Inconvenience, Benefits
of Inconvenience, Harms of Convenience, and Benefits of Convenience.

Benefits
A
Benefits of Benefits of

Inconvenience Convenience

(BI) (BC)

Inconvenience Convenience
Harms of Harms of

Inconvenience Convenience

(HI) (HC)

Harms

Fig. 1. Former definition of the BI based on two-axes

From the viewpoint of a human-machine system design, the harms of incon-
venience (HI) system is obviously considered out of the question and the benefits
of convenience (BC) system is the best for users if possible. Here, let us con-
sider the harms of convenience (HC) system. It is widely known that the human
being has developed plenty of convenient systems which can reduce user’s labor

2 The meanings of “labor” or “inconvenience” are almost same as “effort” in the
present manuscript. Hence, a redefinition of the BI in Sect. 4 uses “effort”.
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and therefore the tasks become easy to be accomplished efficiently. On the other
hand, the HC systems have negative aspects such as cognitive disuse atrophy
[5,6], as mentioned-below. It means that convenience does not always enrich
our lives. Accordingly, in order to solve the problems of the HC, we redesign
the HC system by intentional additions of certain kinds of “inconvenience’. The
redesigned system is called the BI system in which the users can take more effort
to achieve the tasks, and therefore they can obtain benefits.

Two Types of Benefits. Based on the definition of inconvenience as men-
tioned in Sect. 2.2, the BI means the utilities derived from inconvenient. The
BI researches mentioned that the benefits, which are equivalent to the utilities,
include objective ones and subjective ones. The previous studies [2,3] proposed
eight types of “benefit cards’ as shown in Fig. 2, and they can be separated into
the two types of benefits as follows:

Objective benefits

- : - HERZE
SHc-a | [Tie-a | Emces | | SlERT

Enhancing Devising ways Improvement System
awareness comprehensmn
AESIET E=NET ZILTED HBIZ (TR
B < RCE fE3cTE?d VAN R

Preventing loss Encouraging Feelings of Personalization
of skill initiative relaxation and trust

Subjective benefits

Fig. 2. Eight types of benefit cards (six objective benefit cards and two subjective
benefit cards)
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Objective benefits: “enhancing awareness”, “devising ways”, “improvement”,
“system comprehension”, “preventing loss of skill”; and “encouraging initia-
tive”.

Subjective benefits: “feelings of relaxation and trust”, and “personalization”.

In addition to the two subjective benefits as shown in the benefit cards,
three types of subjective benefits such as “self-affirmation”, “motivation”, and
“delight” also exist.

Cognitive Disuse Atrophy. The objective benefit “preventing loss of skill”
is intimately related to cognitive disuse atrophy [5,6]. As it is generally known,
body sites tend to atrophy if they are not used, and some researchers have
pointed out that the same phenomena can happen for human cognitive functions.
Not to use his/her brain by using the tools is considered convenient in a short
term, but it might bring potential risk to decrease the capability of think in the
longer term. For example, the people who usually use a car navigation system
tend not to memorize routes, and also the people who do not write characters
manually because of the usage of a personal computer or a smartphone will
become difficult to remember and write characters. The phenomenon will happen
especially in the case of Kanji characters.

3 Misunderstandings of BI

Misunderstandings with respect to the BI can be summarized into the following
three types: misunderstandings of “inconvenience”, misunderstandings of “ben-
efits” of inconvenience, and ideological misunderstandings.

3.1 Misunderstandings of “Inconvenience”

As mentioned above, the definition of “inconvenience” in the previous BI
researches is narrower than that in the general public. The definition in the
BI researches means that it takes more effort to achieve tasks, that is, it takes
time and labor. Nevertheless, many people tend to consider “inconvenience”
just as “unsuitable thing/event for his/her purposes” or “useless thing/event”.
The meaning gap might produce the misunderstandings of the BI among the BI
researchers and the general public.

3.2 Misunderstandings of “Benefits” of Inconvenience

Not all the utilities of inconvenient systems become “Benefits of Inconvenience”.
Some users incorrectly recognize ‘the inconvenience which has no correlation
with user effort’ as BI. For example, the benefits which the user obtains because
of others’ inconvenience are not BI. The compromise to accept inconvenience
where the user must enter passwords for security reason is also not BI.
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As shown in Sect. 2.3, there are two types of benefits in the BI; objective ben-
efits and subjective benefits. Nevertheless, in the past BI researches, we have not
referred whether one of them should be acquired or both benefits are necessary.

3.3 Ideological Misunderstandings

People who have the ideology to criticize modern civilization sometime borrow
the concept of BI in order to justify their ideology. They tend to misunderstand
the BI researches as a nostalgic design theory, but it is completely wrong. We
think that we should better analyze past events/things which brought BI to
users, although the concept of BI is not a nostalgia where people yearn to go
back to good old days.

One of the goals in the BI researches is an attempt to recover the lost benefits
because of no room for users to make effort, by redesign the system to allow users
to lavish labors.

4 Redefinition of BI

4.1 Detailed Definition of BI Based on Five BI Elements

The present section proposes the redefinition of the BI. The right part of Fig. 3
describes a main part to regulate the definition of the BI, and it shows that
the present study classifies effort and benefits from the viewpoint of objective
or subjective. The right part consists of five elements; objective effort, subjec-
tive effort, results of effort (=accomplishment of main task), objective bene-
fits (=accomplishment of sub task, improvement of skill, etc.), and subjective
benefits.

The left part of Fig. 3 describes objective and subjective cues which are design
factors for the BI system. The users can be encouraged to make objective efforts
effectively when the cues are well-designed.

4.2 Process to Obtain BI

Here, let us explain the process where the user obtains the BI by his/her effort
on the assumption that he/she has the main task to accomplish.

Step 1: Against the target system, the user moves his/her body sites or uses
his/her brain. At that time, if the effort increases compared to the case when
the user deals with other systems, it means that it is defined as “inconvenient”
relatively.

Step 2:The user accomplishes the main task by his/her effort.

Step 3: The user acquires objective benefits such as “improvement of his/her
skill” and “enhancing awareness” other than the accomplishment of the main
task. The benefits are just secondary.

Step 4: The user recognizes the fact that he/she took objective effort at Step 2.
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Fig. 3. Redefinition of Benefits of Inconvenience (BI)

Step 5: The user recognizes his/her effort, and then he/she recognizes that
he/she acquired the objective benefits secondarily in addition to the accom-
plishment of the main task. Accordingly, he/she acquires subjective benefits
such as “delightful!”, “fun!”, and “want to do/use more!”.

In this process, it is assumed that the user obtains the “Benefits of Inconve-
nience” only when the user obtains both of the objective benefits at Step 3 and
the subjective benefits at Step 5.

5 Analysis of BI Examples

The process described in Sect. 4 is the strictest redefinition of the BI, but some
BI researchers advocate that the definition is too narrow. In other words, the BI
researchers have to discuss how many of the five elements must be required for
the establishment of the BI.

The main part of regulate the definition of the BI consists of five elements;
objective effort, subjective effort, results of effort (=accomplishment of the main
task), objective benefits (=accomplishment of sub task, improvement of skill,
etc.), and subjective benefits.

It is no wonder that the minimum requirement for establishment of the BI
is to satisfy the following two elements; the objective effort and the accomplish-
ment of the main task. Consequently, the present section discusses six types
of the BI based on the combinations of three BI elements; subjective effort,
objective benefits, and subjective benefits. Table 1 describes the six types of BI.
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Type I to III meet the requirement of subjective effort, and Type IV to VI do
not meet it. The three types of combinations of objective benefits and subjective
benefits define Type I to III and Type IV to VI respectively.

Table 1. Combinations of the BI elements

Effort Accomplishment | Benefits
of main-task

Objective | Subjective Objective | Subjective
Type I:  OS-OS | v v v v v
Type II: OS-O |V v v v
Type III: OS-S |V v v v
Type IV: O-0S |V v v v
Type V:  O-O v v v
Type VI: O-S v v v

5.1 Type I: OS-0OS

Type I includes all of the five constituent elements in the redefinition of the BI,
and it is expressed by ‘OS-OS’ which means both efforts and both benefits are
required. This means that the Type I is the strictest definition of the BI.

We found that there are lots of BI examples in this Type 1. The present
subsection introduces two representative examples such as a COGY and an SDES

(Fig. 4 (a), (b)).

(a) COGY [7]

(b) SDES (Safe Driving Evaluation System) [8]

Fig. 4. Examples of Type I (OS-OS) BI system
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COGY. Figure4(a) is a wheelchair, called COGY [7]. It is designed specially
for the half-paralyzed people who can move left or right leg. This study consid-
ers an electric wheelchair or an autonomous wheelchair as the HC (Harms of
Convenience) system, against the COGY as the BI system. The user moves the
COGY by pedaling with his/her healthy leg, and therefore the disabled leg is
moved passively. The pedaling is an objective effort for the user, and the user
recognizes that the user took lots of effort. By his/her effort, the user can move
by using the COGY. Moreover, the user becomes to move faster according to the
proficiency in how to use the COGY. It means that the main task ‘moving’ was
accomplished by his/her effort. In addition to the accomplishment of the main
task, the disabled leg can be recovered by using the COGY, because the usage of
the COGY can be considered as not only physical rehabilitation but also reha-
bilitation for brain function. It is equivalent to the interpretation that the user
secondarily acquires objective benefits which are different from the accomplish-
ment of the main task. Consequently, the user will feel that the moving with the
COGY is lots of fun although the pedaling only by the healthy leg is not easy.
This is an example of the subjective benefits which the user obtains.

SDES (Safe Driving Evaluation System). Figure4(b) shows a visual inter-
face of a safe driving evaluation system (SDES) proposed in the previous study
[8]. The SDES does not assist in driving operation by controls of vehicle motion.
It just provides the scores of the drivers’ safe driving behavior to encourage
the drivers to perform safe driving spontaneously. The SDES can be considered
as the BI system compared to the automated driving system or the advanced
driver-assistance systems such as an adaptive cruise control (ACC) or a lane-
keeping assist system (LKAS). When the driver uses the SDES, the main task
is to perform safe driving and one of the secondary tasks is to improve his/her
driving skill. And, the driver using the SDES might feel that the manual safe
driving is enjoyable although it requires more time and effort, compared to the
ACC and the LKAS which is considered as the HC system.

Other BI Examples of Type I. Not only the above-mentioned examples,
but there are also various BI systems of the Type 1. The following examples are
parts of them:;

— a cellular manufacturing system. (< a line production system.)

— a mountain climbing by his/her own foot. («» by using a ropeway gondola, a
helicopter.)

— arehabilitation house for the elderly people called ¢ Yume-no-Mizuumi Mura’,
where there are many types of physical and cognitive barriers and the resi-
dents must make their daily plan and perform all aspects of their daily life
by themselves. («» a barrier-free rehabilitation house for the elderly people
where care workers make all of the care programs for the residents.)
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5.2 Type II: OS-O

Unlike the Type I mentioned above, the Type II does not include subjective
benefits. It means that the Type II system does not give the user positive feelings
such as delight, fun, and so on but provides just secondary objective benefits.
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(a) Degrading navigation system (left: a normal map without degradation which is
displayed at the beginning, right: a map where the driven route was whitened.)

(b) Examples of correctly shaped characters (left) and incorrectly shaped characters
(right) used in G-IM (Gestalt Imprinting Method) [9]

Fig. 5. Examples of Type-2 (0S-O) BI system

Degrading Navigation System. The driver usually uses a car navigation sys-
tem when he/she goes to an inexperienced destination. The driver can certainly
arrive at the destination by following the navigation guidance, however, in that
case, there is a harmful effect that they do not memorize the route. It is thought
to be one of the cognitive disuse atrophies and then the conventional car naviga-
tion system can be considered the HC system. Therefore, in order to solve this
problem, Kitagawa et al. proposed ‘a degrading navigation system’ [10] which has
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the following features; (1) it displays a normal map at the beginning, and (2) the
system degrades the map by whitening of the driven route inversely proportional
to the moving speed (Fig.5(a)). Field experiments showed that a more detailed
cognitive map is formed when using the degrading navigation system compared
to when using the conventional navigation system whose map is not degraded.
The user of the degrading navigation system can obtain secondary benefits of
forming a detailed cognitive map in his/her brain while he/she accomplishes the
main task of arriving at the destination. The user will recognize that it takes
more time and effort when using the degrading navigation than when he/she fol-
lows voice guidance and visual guidance on a navigation screen. In other words,
the BI elements other than the subjective benefits are satisfied when using the
degrading navigation system.

G-IM (Gestalt Imprinting Method). As a consequence of an increase in
opportunity to type the sentences by using a personal computer and a smart-
phone, the number of Japanese people and Chinese people who cannot recall
Kanji character shapes increases and it becomes one of the social problems. The
phenomenon is called ‘Character amnesia’, and it is considered one of the cogni-
tive disuse atrophy. In order to solve the problem, Nishimoto et al. [9] developed
a novel input method called G-IM (Gestalt Imprinting Method) for a personal
computer. The system displays incorrect character shapes (Fig.5(b)). It forces
users to pay close attention to the character shapes because the document can-
not be saved when the incorrect characters exist in it. Therefore, the system
strengthens retention and recall of the character shapes. The experiments con-
firmed that the G-IM improves the retention and recall of the character shapes
as compared to the conventional input method. Although the G-IM improves
the ability to recall and write Kanji characters, the user will not want to use the
G-IM more frequently because the confirmation of character shape is thought
to be burdensome. It means that the G-IM user will not gain the subjective
benefits.

5.3 Type III: OS-S

In the case when using the Type III system, the main task is accomplished by the
user’s effort, and the user acquires only the subjective benefits while he/she does
not obtain the objective benefits. The followings are representative examples of
Type III; (1) hobbies (a TV game, a puzzle, a Tamagotchi, construction of a
plastic model, etc.), (2) sports not for the purpose of improving the health, and
(3) a system which can give Eureka effect to the user.

5.4 Type IV: O-0OS

The main task is accomplished by using the Type IV system and the user acquires
the secondary objective benefits, although he/she does not recognize that it took
time and effort. A silver film camera is a representative example of the Type IV
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system. Here, we assume that a digital camera is defined as the target system
because it can save too many photos and the user can confirm the photo just
after taking a picture. The user presses the shutter button with considering when
and what he/she takes a photo under a constraint of the number of films. The
main task is to take photos by using all of the films. The secondary objective
benefit is to remain photos in the users’ memory, and the subjective benefit is
to have an emotional attachment to the photos.

5.5 Type V: O-O

The user accomplishes the main task by his/her effort and obtains the secondary
objective benefits. However, he/she does not recognize that it took time and
effort and does not obtain the subjective benefits such as delight. The represen-
tative Type V systems are experienced skills such as a behavior of a Japanese
lady who makes an original duster by manual stitching and as machining of a
skilled worker in a small factory. The comparisons are to use a sewing machine
or purchase of a ready-made duster and to use NC machine tools.

The skilled person moves his/her hands unconsciously and therefore accom-
plishes the main task. The secondary objective benefits include making things
that cannot be processed by machines, being able to suppress the decline in
operating skills of the machine tools and so on.

IDAF-drum. Nishimoto et al. [11] proposed a training system of the extensor
muscles in everyday drum practice (Fig.6), and it is called “iDAF-drum”. The
“iDAF” means that an acronym of “insignificantly Delayed Auditory Feedback”.
The user cannot perceive the slight delay. The experimental results showed that
the iDAF-drum users raised the drumsticks higher than usual without cognition
of the delay and an unusual feeling. After the training using the iDAF-drum,
the user could play the drum better than before the training. However, the user
does not feel delightful because he/she does not recognize the delayed auditory
feedback and the improvement of the drumming skill.

5.6 Type VI: O-S

The user using the Type VI system accomplishes the main task by his/her effort.
He/she also obtains the subjective benefits. On the other hand, he/she does not
obtain the secondary objective benefits and also does not recognize that he/she
took time and effort.

Talking-Ally. Talking-Ally [12,13] is a communication robot which has an
utterance generation mechanism by considering the state of the listener and by
using mutual interactive adjustments (Fig. 7). The utterance of the Talking-Ally
is disfluent so that the listener pay more attention to hear the utterance. There-
fore, the interaction between the robot and the user becomes well-organized and
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Fig. 6. Example of Type-5 (O-O) BI system (iDAF-drum) [11]

the user feels that the interaction is delightful. The main task is communica-
tion between the user and the robot, and the subjective benefits are to have an
emotional attachment to the robot and to feel that the interaction is joyful.

Fig. 7. Example of Type-6 (O-S) BI system (Talking-Ally) [12]

6 Conclusions

The present manuscript redefined the benefits of inconvenience (BI) based on the
five elements; objective effort, subjective effort, the accomplishment of the main
task, objective benefits, and subjective benefits. Next, it described a process that
the user obtains the BI when using the BI system. In addition to the redefinition,
we defined the six different types of BI by combinations of four elements with
respect to effort and benefits.
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The BI researchers have to discuss which types can be considered as the BI
as for Type II to Type VI, although the Type I is the narrowest definition of the
BI. Moreover, in the near future, we try to classify all of the BI examples which
we already have into the six types.
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Abstract. This paper examines whether web-based survey responses differ
from traditional mail-based questionnaire responses when examining attitudes
towards sensitive issues in a mixed-mode survey. Our motivation for the study
comes from social desirability bias, which is a generally discussed theme in
social surveys. The data are derived from the Finnish section of the International
Social Survey Program (ISSP) 2013 (n = 1,243), which applied both self-
conducted mail survey and web survey data collection techniques. In the
analysis, we utilize items concerning attitudes towards immigrants. We found
that mail-questionnaire respondents tend to express more negative attitudes
towards immigration than the web-questionnaire group. This is especially true
when analyzing the survey items, which use negative connotations in the
question formulation. The results also indicated that socio-demographic back-
ground had a significant impact on responses, but these factors did not explain
the total variation between the two response groups. We discuss our findings in
light of the popularity of web-surveys and their increased use in social sciences.
We conclude our paper with a notion that the mixed-mode survey is a reliable
method of data collection, especially after controlling for relevant background
variables, and their interactions between the alternative response modes.

Keywords: Mixed-mode survey - Sensitive questions - Web survey *
Mail survey

1 Introduction

In contemporary information societies, it is a well-known fact that survey researchers
have met growing difficulties with traditional recruitment methods linked to rising data
collection costs. Researchers have begun to look primarily to so-called mixed mode
approaches in order to have representative response rates in collecting large-scale
datasets. This so-called mixed mode data collection, which refers to a combination of
two or more collection methods being offered for responding to a survey, has become
more common in recent years. Web surveys and mail/web mixed-mode surveys, in
particular, are increasing in prevalence. Thus, it is crucial to acknowledge whether data
collected through different modes can actually be combined into one cross-sectional
study [1, 2].
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The use of mixed-mode survey design is based on the idea of the equivalence of data
collection. This means that researchers who utilize mixed-mode surveys aim at com-
bining data into one data matrix that can be analyzed. However, there are several threats
related to the integrity of mixed-mode data. Researchers have noted that the use of web-
based surveys is problematic in a number of ways. The primary problem relates to the
selection of respondents when compared to traditional recruitment methods [3-5]. In a
mixed-mode survey, it is likely that respondents’ answers will vary according to
response mode. This is not a problem if the differences are related to different demo-
graphic background characteristics of the respondents that can be controlled. However,
if the response mode in itself (Internet vs. mail) leads to different response processes
and, thus, has an effect on the responses, the problem of data integrity is real [6].

It has been argued that the risk of social desirability bias is lower in self-
administered surveys compared to interviewer-administered surveys (for a review see
[7-9]). As such, one of the main reasons to use self-administered, and not interviewer
administered, mixed-mode surveys is to reduce social desirability bias [6]. Yet, little is
known about the difference in prevalence of social desirability bias between mail
respondents and web respondents in mail/web mixed-mode surveys.

In this paper, we analyze differences in responses to sensitive attitudinal questions
between two modes of data collection. We ask whether attitudes toward immigration
are different in a population-level survey between data collected via mail and data
collected through the Internet. Our data are derived from the Finnish section of the
International Social Survey Program (ISSP) 2013 (n = 1,243).

We assume that the chosen response mode indicates qualitative selection of
respondents to some extent, especially in terms of digital lifestyle. On the contrary,
choosing the paper questionnaire may itself be an indication of lacking digital skills.
The possible differences potentially cause the findings to suffer from both coverage and
measurement errors. For instance, if differences exist, then the prevalence of combined
data collection may distort the data sets used in making sample-to-population gener-
alizations in survey research. In addition, if there are biases in responses between the
two response modes, it may challenge previously proposed results indicating that
individuals from politically marginal groups are more open to express their views
online than offline.

Finland provides an interesting research context, since the central population reg-
ister allows for drawing reliable random samples of different population groups. Fin-
land is also a leading information society, especially in terms of Internet penetration
rates among citizens. In terms of practical implications, our findings demonstrate that
the mode of response matters in population-level surveys. Our study also provides
relevant discussion regarding recent research findings on socially and politically sen-
sitive issues.

1.1  Online Surveys

Growing Internet access plays an important role in the development of social surveys.
In the second decade of the 21st century, Internet penetration rates had exceeded 80%
in the greater part of developed countries [10]. When people spend more time on the
Internet, many important social phenomena exist in online platforms exclusively. Thus,
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a mixed mode approach is part of the solution to challenges arising from the use of new
communication technology.

Due to changes in the population’s ICT use-habits, efforts have been made to offer
the opportunity for sampled respondents of traditional postal surveys to respond to
surveys via the Internet. However, it is often in the researchers’ best interest to utilize a
mixed-mode survey design. From a purely cost effectiveness perspective, surveys
conducted online seem to be an overwhelming favorite when compared to traditional
data collection methods. When compared to traditional data collection methods, online
surveys are, in principle, faster and cheaper to implement [11]. Furthermore, survey
research is able to, at different stages, take advantage of combined data collection
methods: in the recruitment of respondents, the actual data collection, recollection of
responses, or, in several stages in research, in the next collection phase after the initial
dunning for example [12].

It has been noted that the use of web-based surveys is problematic in a number of
ways, with the primary problem being in the selection of respondents when compared
to traditional methods [3]. From the perspective of data quality, this is a particular
problem, because non-responses resulting from selection is difficult to correct with
weighting, potentially causing the findings to suffer from coverage errors [4, 13].

In mixed-mode data collection conducted at a population level, online response is
often treated as a supplementary data collection method, which reduces the risks
associated with access to the network. On the other hand, the selection can be quali-
tative, which also poses challenges for mixed-mode data collection.

But how can the response mode affect answering qualitatively? It has been found
that online respondents tend to be more skilled Internet users than those who choose an
alternative response option [14]. Accordingly, it is possible that qualitative differences
go back to differences in respondents’ socio-demographic backgrounds. For example,
research lead by Dillman [15] examined variances between different response methods.
It was found that there were differences between the respondents of online and paper
questionnaires according to socio-demographic profiles. However, the research did not
find any connection between response modes when examining attitudinal level vari-
ables [15]. Rather, Mark Saunders [16] noted the connection between response
methods and attitudinal variables in his examination of British public-sector workers.
In a same-sized sample carried out at the same time in the survey, web-based
respondents reported that they were more committed employees, had more confidence
in the organization’s leadership and received more support than those who responded
with the paper survey [16].

However, neither Dillman’s [15] nor Saunders’ [16] research had the effects of
standardised background variables nor was the interaction between response methods
and background variables analysed. It is conceivable that the socio-demographic
variety of web-based respondents indirectly influences the analytical methods vari-
ables’ fluctuation. It is impossible to state unequivocally, for example, that the dif-
ferences presented by Saunders [16] are actually due to professional status, which can
increase online response probability compared to responding via the post.

Atkeson et al. [17] analysed mixed-mode data collection methods and the differ-
ences between web-based and paper respondents as well as the link between response
methods to political behavior. The descriptive analysis of the data demonstrates that
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Internet and paper respondents, to a certain extent, differ from each other on the basis of
demographic factors. Paper respondents appear to belong to lower income groups, to be
older and to have lesser education than Internet respondents. On the basis of prelim-
inary analyses, response groups’ political behaviour varied on several different levels.
However, after controlling for socio-demographic factors, there were no differences
found in political behaviour among the response groups [17].

The significance of response methods on the basis of age has also been researched
with restricted data sets. For example, Sean McCabe [18] has, with the aid of combined
data collection, surveyed alcohol use among American college students. Alcohol use
did not systematically vary according to the response method, but the same demo-
graphic trends seen in other presented research results were observed. Internet
respondents were slightly younger and more often male than paper respondents (ibid).
Dana de Bernardo and Anna Curtis [19] reached the same results in their assessment of
suitable response methods for those over 50 years old. On the basis of mixed-mode
data collection, they found that Internet respondents were more educated, more well off
and also slightly younger than paper respondents.

Similarly, in Finland, Koivula et al. [20] have compared characteristics of both mail
and web respondents. In addition to a demographic comparison, they analyzed
potential response effects on measurements used generally in well-being research.
According to the results, the mode of response was still crucially associated with age.
However, it was not strongly associated with the measures of subjective well-being
after controlling for respondents’ background.

A recent study by Kim et al. [1] suggest that in mail-web mixed mode surveys,
more attention should be paid on the phenomenon called straightlining. Straigtlining
refers to respondents’ tendency to choose identical or nearly identical research options
for all items in a question battery. Although Kim et al. did not find differences in
straightlining behaviour between mail and web respondents in their study, mode effect
on straightlining is a potential threat to data integrity and quality of mail/web mixed-
mode surveys.

1.2 Social Desirability Bias

One could argue that the mode of response may have an effect on certain types of
sensitive questions. More generally, sensitive questions, such as immigration attitudes,
tend to lead to higher nonresponse rates and/or larger measurement errors in responses
than questions on other topics. This is true especially when it comes to public opinions
that relate to ‘political correctness’ or ‘social desirability’.

Drawing valid survey data containing sensitive information dealing with respon-
dents’ private, political and illegal issues, is traditionally seen as a challenge in survey
research [21, 22]. In general, sensitive questions tend to lead to higher nonresponse rates
and/or larger measurement errors in responses than questions on other topics [23]. This
is true, especially when it comes to public opinions that relate to ‘social desirability’.
Added to this, surveying some issues such as income level, religiosity, or sexual
behaviors may be considered culturally too delicate, or even taboo. Respondents may
also feel offended if their personal privacy is challenged by intrusive questions [24].
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It is well known that the risk of social desirability bias is clearly higher in interview-
administered than in self-administered surveys [7]. In line with this, Klausch et al. [2]
concluded in their recent study that interview-administered survey modes (i.e. face-to-
face/telephone) that include attitudinal rating scale questions should not be used in
parallel with self-administered survey modes.

Nevertheless, the feeling of privacy might be context-dependent and relate to a
sense of anonymity that can vary according to the research environment, i.e. the online
vs. offline environment. Here, the advantages of online survey techniques can be
considered useful. It has been observed that pen-and-paper and web-based surveys do
not yield identical results, particularly when examining sensitive questionnaire items
[25, 26]. Kays et al. [27], for example, found that respondents tend to be more likely to
answer sensitive questions on the Internet compared to a pen-and-paper option. Web
participants’ feeling of anonymity likely plays a role here [5].

Differences can also result from the measurement errors when filling in the online
questionnaires. Namely, it has been put forth that online surveys might be understood
by participants in a different way than other methods used in conducting surveys [28].
In addition, it has been noted that online respondents more readily answer ‘I don’t
know’, as well as elicit more non-differentiation on rating scales [29, 30].

In this study, we focus on the contextual impact of outcome variables when
comparing two modes of response. The aim of the analysis is to assess whether the
response mode divides respondents along specific issues. We examine this issue with
the aid of subjective questions regarding immigration. Immigration is commonly
considered as a socially and politically sensitive topic in Western countries, since it
connects easily with such historical events as colonialism and the holocaust, as well as
contemporary racial tensions in many countries [21, 31, 32].

2 This Study

We assume that Internet respondents differ from paper respondents in terms of sensitive
questions related to social desirability bias. In order to control for the sensitivity of the
immigration question, we conduct different measures for negative and positive immi-
grant attitudes. The questions we use are sensitive in nature, as they can relate to crime
or unemployment rates of immigrants. Therefore, we need to consider certain addi-
tional features to normal sources of reporting errors (e.g. misunderstanding the ques-
tions, lack of relevant information). Preceding research has also pointed out that under
circumstances considered as sensitive, respondents simply do not wish to tell the truth.

H1: We hypothesize that postal mode will elicit stronger attitudes towards immi-
grants, especially when examining negatively formulated questions.

It has been suggested that socially desirable responses in surveys vary between
economic and socio-demographic groups, in addition to variance linked to features of
the data collection situation such as the degree of privacy [21]. While a smaller body of
research has focused on the demographic factors behind response bias, the studies point
to at least one consistent finding; namely, that educated and younger individuals tend to
express less conservative attitudes than those with less education and lower economic
position. For example, it has been noted that respondents with higher educational
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qualifications are more willing to give social approval to new political ideas while also
tending to give less truthful responses concerning their own activities [33]. If there is a
significant association between background variables and response mode, we can
partially link response mode effects to respondents’ qualitative selection in terms of
differential Internet usage. Here, we need to also acknowledge that recent research has
reported that there are still notable socio-economic differences in Internet access and
use patterns [34, 35]. This also applies to experiences on the Internet, for instance in
terms of how useful or harmful online material can be for users [36].

H2: We assume that the key background variables have a confounding effect on the
detected associations between mode of response and attitudes towards immigration.

3 Research Design

3.1 Data

The data are derived from the Finnish section of the International Social Survey Pro-
gramme (ISSP) 2013 (n = 1,243). A total of 2,500 participants aged 18-74 years were
approached using a mixed mode collection by offering the opportunity to respond
online instead of the paper form. Finland was the only participant country in which this
kind of response mode option was applied in the ISSP 2013 data collection. Here, it is
noteworthy that all respondents were contacted in a same way, by conventional mail,
and given the opportunity to answer the questionnaire online [37].

The original sample was selected from the Central Register of Population using
random sampling. The survey yielded a response rate of 48%. The final sample including
a total of 1,208 observations consists of 695 web-responses and 513 mail-responses.

3.2 Variables

In the explorative analysis, we first focus on the variance of attitudinal variables
according the response mode. We established two summed variables to measure atti-
tudes towards immigration that is typically found to be sensitive to social desirability.
The variables measure either positive or negative attitudes towards immigration. Given
the fact that negative connotations in the attitudinal variables are less desirable than
positive ones, our two measures enable us to control the sensitivity of questions dealing
with immigration. Descriptive statistics of dependent variables is shown in Table 1.

Let us first examine negative expressions. The merged variable consists of three
value-based questions, each of which presented a fairly negative tone. Initially,
respondents were asked to choose their opinion from the 5-point Likert scale from
strongly disagree to strongly agree. In addition, there were choice options for unde-
cided respondents. Firstly, respondents were asked for their opinion on the statement
“Immigrants increase crime rates”. The second item refers to employment issues,
“Immigrants take jobs away from people born in [Country]”. The last item considers
respondents’ opinions regarding the effect of immigration on national culture, namely
“Immigrants undermine culture”.
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Table 1. Descriptive statistics for dependent variables

Obs. |Mean | SD | Range

Negative immigration attitudes (mean score variable) 1,190 2.96 |0.88|(1-5)
Immigrants increase crime rates 1,143 3.45 |1.02 | (1-5)
Immigrants take jobs away from people born in [Country] | 1,154 |2.81 |1.10| (1-5)
Immigrants undermine culture 1,127 ]2.62 | 1.01 | (1-5)
Cronbach Alpha 0.77

Positive immigration attitudes (mean score variable) 1,180(2.89 |0.86|(1-5)
Immigrants generally good for economy 1,110{3.65 |1.00|(1-5)
Immigrants bring new ideas and cultures 1,138 2.56 |1.00|(1-5)
Legal immigrants should have same rights 1,125]2.66 |1.05](1-5)
Cronbach Alpha 0.71

The second dimension was constructed on the basis of three items addressing
immigration in a more positive way. Initially, they were assessed with a 5-point Likert-
type scale, varying from strongly disagree to strongly agree. Here, the first item refers
to economic issues, as respondents were asked to respond to the question “Immigrants
are generally good for the economy”. The second item assesses cultural issues, as
“Immigrants bring new ideas and cultures”. Finally, the last question concerns immi-
grants’ equality with native citizens, as “Legal immigrants should have same rights”.

We also controlled five independent variables: age, gender, education, economic
activity and place of residence. The descriptive information of variables is shown in
Table 2 by the response mode. Age was categorized into five groups: Under 30 years,
3044 years, 45-54 years, 55—64 years and 65-74 years. The years from 18 to 30 are
often referred to as early adulthood. The next three age groups can be defined as early
middle age, middle age and late middle age respectively. Finally, people over 64 years
of age are often characterized as the elderly, since the person is usually entitled to a
pension after the age of 63 in Finland.

Table 2. Descriptive statistics for independent variables by response mode

N | Mail% | Web%

Gender

Male 599 141.1 |58.9
Female 609 417 |58.3
Age (used as continuous)

18-29 years 2991339 |66.1
30-44 years 260313 |68.7
45-54 years 2291394 |60.6
55-64 years 236509 |49.1
65-74 years 184 57.8 |42.2

(continued)



152 A. Koivula et al.

Table 2. (continued)
‘N | Mail% | Web%

Education

Primary 78747 |25.3
Secondary 5341421 |579
Post-Secondary 2411393 | 60.7
Tertiary 3511339 |66.1
Activity

Employed 6921394 |60.6
Student 1101245 | 755
Retired 302563 |43.7
Unemployed or other| 104 | 41.3 |58.7
Total 1208 |43.0 |57.0

3.3 Analysis Strategy

First, we estimated variation in attitudinal variables according to response mode, taking
advantage of the ordinary least squares (OLS) and analysis of variance (ANOVA).
Secondly, we tested the indirect effects of the response mode through background
variables by using Sobel-Goodman mediation tests. We illustrated the main results in
Fig. 1 by using coefplots [38]. The analyses were performed with Stata 15.

4 Results

The results of regression analysis are shown in Table 2. The main results are illustrated
in Fig. 1 by estimating predictive margins on the basis of OLS models from Table 2.

Let us next examine the direct effects of response mode. The web response mode
had a significant effect on negative attitudes (b = —0.19; p < .001). When analyzing
positive attitudes, the results were similar, but not statistically significant (b = 0.08,
p > 0.05).

Next, we added covariates into the base model. The covariates significantly con-
founded the association with response mode and negative immigration attitudes
(b =0.06, p <0.001). What is noteworthy, however, is that the effect of response
mode remained significant (b = —0.11, p < 0.05). The squared R indicates that the final
model explains negative attitudes relatively well (0.14). In the case of positive attitudes,
the effect of response mode was not significant in the models. The predicting power of
the adjusted model was also more modest when compared to the model predicting
negative attitudes.

We also estimated the direct effects of the covariates. Age did not have a significant
effect on either of the dimensions. However, women’s scores were more positive
(b =0.16, p < 0.001) and less negative (b = —0.28, p < 0.001) towards immigration.
The level of education contributed clearly to the negative attitudes, as those having
tertiary education expressed clearly less negative attitudes (b =-0.77, p < 0.001).
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This finding applies to the data when those having only primary education are omitted.
In terms of positive attitudes, the differences were similar but lighter, as those having
tertiary education reported more positive attitudes (b = 0.47, p < 0.001). Economic
activity also had a significant effect on the both dimensions when students, retired and
unemployed to employed persons were compared. Students reported more positive
(b=0.38; p<0.001) and less negative (b =-0.22; p < 0.05) attitudes towards
immigrants than others, although those who were economically inactive reported more
negative attitudes (b = 0.32; p < 0.001).

Finally, we tested the indirect effect of the response mode through covariates. The
results of this procedure show us whether or not the response mode effect is caused by
demographic variables. We found that education confounded the response mode effect.
The effect was stronger in terms of negative attitudes (b = —0.06, p < 0.001), which
means that education (mainly tertiary education) explained 30% of the direct associ-
ation of the response mode. In this case, education has a notable confounding effect that
contributes to both response mode and immigration attitudes. However, what is
noteworthy here is that the effect of response mode remained statistically significant
after controlling for education (Table 3).

Table 3. Predicting positive and negative attitudes towards immigration by response mode.
Directed, total and indirect effects

Positive attitudes Negative attitudes
Variables Direct | Total Indirect | Direct Total Indirect
B(SE) |B(SE) |B(SE) |B(SE) B(SE) B(SE)
Web mode 0.08 0.05 —0.19%#* | —0.11*
(0.05) [(0.05) (0.05) (0.05)
Covariates
Women 0.16** | -0.03 —0.28*#* | 0.01
(0.05) |[(0.01) (0.05) (0.01)
Age 0.01 -0.01 -0.01 -0.01
0.01) |[(0.01) (0.01) (0.01)
Education (Primary omitted)
Secondary 0.09 -0.01 —0.34%** 1 0.02
(0.08) |[(0.01) (0.08) (0.01)
Upp-Secondary 0.04 0.02 —0.49%** 1 —0.03
(0.09) |[(0.01) (0.09) (0.01)
Tertiary 0.47%%% | 0.04%* —0.77%%% | —0.06%**
(0.09) |[(0.01) (0.09) (0.02)
Economic activity (Employed omitted)
Student 0.38*** 1 0.01 -0.22*% | -0.01
(0.10) |(0.0D) (0.09) (0.01)
Retired 0.06 -0.01 0.08 -0.01
(0.08) |[(0.01) (0.08) (0.01)

(continued)
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Table 3. (continued)

Positive attitudes Negative attitudes
Variables Direct | Total Indirect | Direct Total Indirect
Unemployed or other -0.03 |0.01 0.32%*%* 10.01

(0.09) |(0.01) (0.09) (0.01)

Constant 2.84 %% | D 3Qskk 3.08%*#* | 3,60%%*

0.04) |(0.14) (0.04) 0.13)
Observations 1,186 1,182 1,182 | 1,190 1,186 1,186
R-squared 0.00 0.07 0.07 0.01 0.14 0.14

Notes: Standard errors in parentheses.

*#% p < 0.001, ** p < 0.01, * p <0.05.

Direct: Direct and unadjusted effect of the response mode.
Total: Adjusted effect of the response mode and covariates.
Indirect: Indirect effect of the response mode through covariates.

—— Direct effect —— Total effect

Positive immigrant attitudes Negative immigrant attitudes
3.2

31

29

28

Mail Web Mail Web

Response mode

Fig. 1. Predictive margins (with confidence intervals) for response modes when explaining
positive and negative attitudes towards immigrants. The direct and total effects are based on OLS
regressions in Table 3.

5 Discussion

In this paper, we were interested in whether the mode of response was associated with
attitudes towards sensitive issues in mail/web mixed-mode surveys. More specifically,
we examined whether respondents who choose answering via a web-questionnaire
differed from postal questionnaire respondents in terms of social desirability bias. We
used positive and negative questions on immigration to measure social desirability.
Preceding research indicates that responses to questions concerning immigrants might
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be biased [31, 32]. In the survey data utilized in this paper, online response was an
alternative to postal questionnaire. The sample was selected from the Finnish Central
Population Register using random sampling. The respondents were contacted by mail
and given the opportunity to answer the questionnaire online.

As assumed (H1), responses in mail survey mode differed when we examined
attitudes towards immigration in more sensitive (negative) way. The finding was
similar for less sensitive (positive) attitudes, but the response mode failed to have a
statistically significant effect. Furthermore, we were also able to confirm our second
hypothesis (H2), as controlling for basic socio-demographic factors confounded the
association between negative answers and response mode. However, all of the detected
variation could not be attributed to the control variables, indicating that differences in
responses is more likely dependent on other unobservable factors associated with the
responding.

The findings call for a broader discussion. As online surveys have become a
primary data collection technique in most disciplines, it is crucial to assess the strengths
and weaknesses of online survey data collection in comparison to more traditional
methods. In the mixed method context, the strengths of online surveys are easy to
identify. Especially as a supplementary data collection method, online questionnaires
offer advantages to both researchers and respondents. A combination of postal and
internet-based modes gives the sampled respondents a possibility to select the ques-
tionnaire form he/she prefers. The Internet questionnaire also saves respondents from
the possible inconvenience of mailing the questionnaire form. For internet-savvy
population groups, the online questionnaire is a natural way to answer surveys. Without
giving this opportunity, these individuals might not answer the survey at all, which
researchers cannot afford.

The fact that we found notable differences between the answers given by online and
offline respondents should encourage researcher to conduct web-based data collection
more carefully. The selective bias related to online responding does not appear be a
significant problem after controlling for the effects of basic socio-demographic vari-
ables. Despite this, however, it appears that certain population groups are poorly
represented in web-based surveys. Thus, at its best, web-based data collection can only
offer approximate results. This being the case, a combination of a postal survey sup-
plemented with a web-questionnaire seems to have its place in survey research in the
foreseeable future. As Bech and Kristensen [39] have further pointed out, due to the
lower response rates, the costs per an online response can actually be significantly
higher than in the case of postal response.

Our study obviously has its methodological and practical limitations. In particular,
the issues regarding the data samples, research design and the survey items analyzed
are notable here. First, we presented generalizations to a larger population on the basis
of a cross-sectional dataset from one Nordic country. With this in mind, it is important
to acknowledge the restrictions that deal with the specific nature of the nation surveyed.
Second, the data came from a cross-sectional survey. We therefore cannot make strong
statements on the causal direction of the response modes. In order to establish a
plausible causal interpretation, we would need a panel dataset containing observations
from the same respondents in different points of time. Third, we were not able to
control the possible effect of digital platforms used in the online response mode. It is
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likely that the responses may sometime differ even between computer and mobile
phone interfaces, for instance.

Finally, to have a better understanding of sensitivity bias, we would have needed
items that measure perceived sensitiveness directly. In the current study, we did not have
items measuring personal experiences regarding sensitivity. Furthermore, we had to rely
on assumptions derived from preceding research, especially regarding anonymity in
different response modes. Given this, we cannot be certain that anonymity experiences
were indeed weaker in online surveys. As noted earlier, we did not have the necessary
information on respondents’ ICT-skills or all relevant attitudes influencing the choice of
response mode. In this respect, it would be necessary to conduct a more in-depth study
that takes into account the impact of information security perceptions behind the choice
of response mode.
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Abstract. Experience Recollection Method (ERM) was announced at HCII
2018 conference by the author and is a research method for the UX (User
Experience) that evaluates the contents and degrees of UX. It is a memory-based
measurement method for the UX where the informants are asked about the
content and degree of episodes concerning the use of targeted artifact (product,
system or service) along with the rough time scale. Although the method
requests episodes on the artifact usage, it doesn’t ask the time information in
detail considering the vagueness of memory, hence it does not generate the
visual representation of UX curve/graph in such methods as CORPUS, iScale,
UX Curve and UX graph.

This presentation is based on the data that was obtained in FY 2017 for the
same informants once in September and another in January. We compared two
data and checked if the information obtained by ERM has a certain degree of
reliability, i.e. the nepisode in the first survey is kept in the second survey and if
the rating scale value are almost the same. This presentation is based on the
comparison of two datasets. Generally speaking, ERM was confirmed to have
the high reliability and provide a reliable information on the UX.

Keywords: UX evaluation - Reliability + Memory-based method

1 Evaluation of UX

1.1 Previous Approach

The UX (User Experience) can be defined as “person’s perceptions and responses
resulting from the use and/or anticipated use of a product, system or service (ISO9241-
11:2010) [1].” As an extension of this definition, Kurosu [2-5] proposed that the
quality in design including the usability is the basis for the quality in use and the latter
is related to the UX. Thus, the UX should be evaluated or measured in relation to wider
range of quality characteristics including usability, functionality, performance, relia-
bility, safety, attractiveness, etc.

From this perspective, evaluation methods that have been proposed until now will
be screened to a small set of methods, although there are so many so-called “UX
evaluation methods” have been proposed as listed in the website of All About UX [6].

UX evaluation methods can be classified into two categories; real-time UX eval-
uation, and memory-based UX evaluation.

© Springer Nature Switzerland AG 2019
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The real-time UX evaluation methods including the questionnaire can obtain the
information in-situ and just in time. But, because of their invasive nature, i.e. infor-
mants are requested to answer the question during their everyday life and it is some-
times an obstruction for them, it is not recommended to repeat the survey for more than
a few weeks. In other words, real-time UX evaluation methods can be repeatedly
applied only for a limited time range.

On the contrary, memory-based UX evaluation methods do not have such temporal
limitations. They can be applied to the UX over the long-term period. But they do have
limitations originated from the nature of human memory. People forget many events
even though they were important, and people may also edit or change the contents
without any ill will. Hence the validity and reliability are important in terms of the
memory-based methods.

Anyways, real-time evaluation methods include the questionnaires and methods for
evaluating emotion and other methods. The questionnaire includes SUS [7], SUPR-Q
[8], Product Reaction Card [9] and AttrakDiff [10]. The evaluation methods for
emotion include 3E [11] and Emo2 [12], and the other real-time evaluation methods
include ESM [13], and diary methods such as DRM [14, 15] and TFD [16].

Memory-based methods include CORPUS [17], iScale [18], UX curve [19], UX
graph [20] and ERM [5, 21].

1.2 ERM

ERM was proposed by Kurosu et al. [5, 21] based on the reflection of advantages and
disadvantages of memory-based methods until now. Similar to previous methods,
informants are asked past events (episodes) and the rating for them. But the curve or
graph will not be drawn in ERM, because of the idea that the memory will not have
such preciseness as can be represented as the coordinate on time scale. As can be seen
in Fig. 1, informants are given only 7 rough time zones: expectation, purchase, early
use, use, recent use, present time and near future that include all phases of experience
for an artifact (product, system or service).
Each time zone means;

— Expectation: estimation of UX before the purchase

— Purchase: evaluation of UX at the purchasing or obtaining the artifact

— Early use: evaluation of UX just after the purchase (around a few weeks to a few
months)

— Use: evaluation of UX after the early use until the recent use. This may range from a
few weeks to several years depending on the time of purchase and the time of
survey

— Recent use: evaluation of UX just before the time of survey (around a few weeks to
a few months)

— Present time: evaluation of UX at the time of survey

— Near future: expectation and/or estimation of UX after the time of survey

Although ERM uses the letter-sized paper and the number of the row is limited,
informants are allowed to write more than one episode in a row. Every episode should
accompany the rating on the feeling from positive (+10) to negative (—10), i.e. 21 points
scale is used.
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Fig. 1. An example of ERM regarding the university education. (translated from Japanese and
cited from Kurosu et al. 2018)

1.3 Reliability of ERM

Similar to the psychological test, UX evaluation methods should possess a certain level
of validity and reliability. Regarding the validity especially the content validity, there
will be no problem because informants are asked about their own experience regarding
the use of an artifact they’ve been using. But the reliability is not yet confirmed and
there seems to be no researches conducted to investigate this issue. This is the reason
why this paper deals with the reliability issue of the memory-based UX evaluation
method.

2 Verifying the Reliability of ERM

2.1 Method

The basic idea of the verification of reliability of ERM is to compare the result of two
surveys for the same group of informants, i.e. re-test method. Luckily, I had a class at
the graduate school and thought that I should ask students to collaborate for the survey
twice, once at the first lecture and another at the last lecture of the semester. And the
first survey was conducted on Sep. 25, 2017 and the second survey on Jan. 22, 2018.
There were 119 days between two surveys. It would have been almost impossible for
the informants to remember what they answered at the first survey when they were
subject to the second survey.

Informants

There were 26 students registered to my class and the attendants at the lecture on
Sep. 25, 2017 and Jan. 22, 2018 were shown in Table 1. Because of the absence at each
lecture, total of 23 students attended either of the lecture and, from among them, 17
students attended both lectures resulting 17 data available for the analysis. Unfortu-
nately, it became clear that 3 of them purchased a new model during the analysis and
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were excluded from the analysis that followed. Finally, 14 data were actually used in
the total analysis. To our regret, all the students were male perhaps because my class
was opened at the engineering department.

Table 1. Attendants of the class on Sep. 25, 2017 and Jan. 22, 2018

Jan. 22, 2018
Data that can be Data that can’t be Sum
used used
Sep. 25, Data that can be 17 1 18
2017 used
Data that can’t be 5 0 5
used
Sum 22 1 23

Targeted Device

Because all of the students were using the smartphone (not the cellphone), it was
decided to be the targeted device. Because it is the multi-purpose device and almost all
users are using it daily, or more to say, many times during the day, its user must have
various experiences from a positive one to a negative one.

Procedure

ERM sheet was delivered to each of the informants, then a brief instruction was given,
and 30 min were allowed to write down their experiences. During the instruction,
informants were told that

— This is to ask you to write down your personal experience on the smartphone

— First, write down your university ID, sex, age, and description of the smartphone

— There are seven time-zones including the expectation, purchase ... near future (with
the explanation of each time range)

— You are requested to write down what you experienced in the episode slot and the
degree of satisfaction vs. dissatisfaction or positive feeling vs. negative feeling from
+10 through 0 to —10 depending on your subjective impression in the rating slot.
Please use the integer

— You may begin with the expectation to the near future, but it depends on your
feeling which time zone you would write. You can go back to the previous time
zone that you have already filled

— Although there are limited number of slots, you can write two or more episodes and
ratings in one slot if you need more than one

— 1If you don’t remember what you experienced at any time zone, you can skip it

Obtained Data
Handwritten ERM sheets were obtained and were input to Excel, then were translated
into English. Appendix shows all the raw data.
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3 Results

3.1 Rating Results

Rating values correspond to the vertical position of the curve/graph in CORPUS, iScale
and UX curve. But unlike those methods, ERM only separates rough time zones
corresponding to the quasi-continuous horizontal position in them.

One point that should be warned for the use of the time zone during the reliability
verification is the meaning of each time zone in the first survey and in the second
survey. As shown in the imaginative data of Fig. 2, each time zone shifts bit by bit
depending on the displacement of the time when the surveys were conducted. For
example, to an imaginative informant in this figure, the smartphone was purchased, of
course, at the same time. But the following time zone represents a bit displaced
physical time depending on when the survey was conducted. For example, the present
time at the first survey was Sep. 2017 while the present time at the second survey was
Jan. 2018. This displacement will become larger as the span between the purchase and
the survey becomes shorter.

Fortunately, informants who purchased their smartphone in 2017 (informant C, F,
H, I, L and M) showed similar ups and downs of the rating value for the first survey and
second survey as can be seen in the following sections. This may mean that the time
zones for the informants were not exact but rough, hence horizontal position in
curves/graphs in CORPUS, iScale and UX curve were not exact based on the equal
time unit and thus they should be called quasi-continuous.

2016 2017 2018

Sep. 25, Jan. 22,
119 days
2017 2018

First
survey

expectation| purchase | early use recent use| present near future

Second

expectation| purchase early use near future

use recent use | present

survey

Fig. 2. Chronological table showing the difference of meaning of the time zone. In this
imaginary data, the same informant purchased the smartphone in early 2017, but the time zones
from early use to near future slip out of place in the first survey and the second survey depending
on the time when the survey was conducted (2017 and 2018).

3.2 Reliability Measure

Usually, the reliability (p) is represented by the correlation coefficients (r). In this study,
Kendall’s coefficient of concordance (W) was also calculated. These values were
calculated based on the average rating for 7 time zones. The distribution of r is shown
in Fig. 3 and that of W is shown in Fig. 4. These graphs show rather high reliabilities.
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Fig. 3. Distribution of Spearman’s correlation coefficients for 14 data.
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Fig. 4. Distribution of Kendall’s coefficient of concordance for 14 data.

3.3 Episode Results

Episodes were verbal in nature, thus will be analyzed one by one in the next chapter.

4 Analysis of Each Data

ID of each informant was ran-
Informant A (purchased in 2016) r=0.09 W=0.53 domly assigned. Episode is

r assigned its ID as <informant

ol ID> episode  number>-<year> ,

o II I I II I e.g. A4-2017. Please refer to the
o0 _ I Appendix.

g2y %, t I‘%@ I‘” RO Informant A generally gave

. LA RN %, positive ratings except for the size

® of device that was negatively rated

(A12-2017 and A13-2018) and its
weight that was also negatively
Fig. 5. Ratings by informant A rated (A12-2017 and A8-2018)
(Fig. 5).

B Sep.2017 M Jan. 2018



ERM Rating

Can UX Over Time Be Reliably Evaluated?

Informant B (purchased in 2016) r=0.70 W=0.81
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ERM Rating
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Informant B generally gave
positive ratings especially in 2017.
But he rated negatively regarding
the future (B10-2017, B10-2018)
that the device may not be able to
correspond to the new applica-
tions (Fig. 6).

Informant C gave strange rat-
ings to the same aspect of the
device that the specification is
almost the same with the previous
cellphone, one negatively and
another positively (C2-2017, C2-
2018) (Fig. 7).

In the beginning of use, infor-
mant D felt a negative impression
on the trace of finger print on the
touch-panel (D2-2017, D4-2018),
but his evaluation gradually
became positive during the usage
(Fig. 8).
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ERM Rating

Informant E (purchased in 2013) r=0.99 W=0.95
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Fig. 11. Ratings by informant G

Informant E showed a drastic
change of ratings that was quite
high in early days and changed
into negative during the usage in
terms of the battery life (E9-2017,
E9-2018), and the wifi connection
(E10-2017, E10-2018) (Fig. 9).

Informant F wrote episodes
differently for 2017 and 2018. But
there are some common episodes
such as the speed (F4-2017, F5-
2018), the quality of photograph
(F7-2017, F6-2018), the conve-
nience of second screen (F11-
2017, F8-2018), etc. (Fig. 10).

Informant G wrote about the
joy of accessing internet (Gl-
2017, G1-2018) and that of using
net contents (G5-2017, G3&G4-
2018) positively (Fig. 11).
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ERM Rating
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Informant H wrote about the
high expectation (H1-2017, H1-
2018) and the screen quality (H2-

2017, H2-2018). Generally his
ratings are higher in 2018
(Fig. 12).

Informant I gave no negative
ratings. Positive evaluations are
for the processing speed during the
expectation (I1-2017, 11-2018)
and the early use (I3-2017, I3-
2018). Strangely he rated the fast
battery loss positively (I110-2017,
19-2018) and he might have

misunderstood the instruction
(Fig. 13).
Informant J had different

expectation one negatively for the
poor operability (J1-2017) and
another positively for the good
performance  (J1-2018).  This
informant did not give the con-
sistent episodes except for the
present time evaluation (J12-
2017, J12-2018) (Fig. 14).
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Informant K generally gave

InformantK (purchased in 2016) r=0.61 W=0.76 L. i
positive ratings except recently
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Fig. 15. Ratings by informant K

Informant L gave negative rat-
ings only recently for the lack of
storage  (L9-2017,  L9-2018).

I I Another negative evaluation was
I | I

Informant L (purchased in 2017) r=0.89 W=0.89
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Fig. 16. Ratings by informant L

Informant M complained for

Informant M (purchased in 2017) r=0.74 W=0.85 the same problem of gyro sensor

M that occurred during the early use

T (M3-2017, M3-2018). He still
£ I I II B pointed out that problem at the
Y LN present time (M7-2017, M7-2018)
& L %@q ‘/»% I ¢‘/@ S @c%%@ ’sl%o @o,%/ﬁ (Flg 17)
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Fig. 17. Ratings by informant M
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Fig. 18. Ratings by informant N

5 Conclusion

The reliability of ERM was tested in terms of the smartphone using the re-test method.
Two surveys for the same 14 informants who continued to use the same model were
conducted one on Sep. 2017 and another on Jan. 2018. By the use of ERM, episodes
and subjective ratings were obtained for 7 time zones including the expectation, pur-
chase, early use, use, recent use, present and near future. Two reliability measures (one
is the correlation coefficient and another is the coefficient of concordance) were cal-
culated and relatively high reliability was confirmed.

Based on the content analysis for each informant, the same episodes were found
around the same time zone and were rated in the same way. This also confirmed the
high reliability of ERM

Appendix

Raw data (episodes and ratings) of ERM at Sep. 2017 and Jan. 2018 for all 14
informants are shown in following tables.
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The market for mobile devices has grown year after year, and over the years
there has also been hardware evolution of these devices, the complexity of their
operating systems and applications [1]. Another type of change that has been
happening since the evolution of cell phones to smartphones is in the form of
their use, which was previously basically limited to telephone calls, currently
comprises a much wider range of uses by the user, such as listening music, make
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Abstract. The innovations proposed by the cell phone market have
grown steadily in recent years, as well as the evolution of the complexity
of operating systems, hardware and applications available. With these
changes and changes, new challenges and usability-related quirks emerge
and need to be considered during the development process of these appli-
cations, which incorporate new user-application interactions, increasingly
changing the behavior of smartphone users. It is known that usability is
an important factor when choosing the use of these technologies. Usabil-
ity depends on factors such as the User, their characteristics and abilities,
the Task which the user intends to achieve and also the Context of the
application’s use. This work will lead to a Systematic Review of Litera-
ture with the objective of identifying the heuristics and usability metrics
used in the literature and/or industry, and based on the results obtained,
it is intended to propose a set of usability heuristics focused for the con-
text of mobile applications on smartphone, considering the User, Task
and Context, as usability factors and Cognitive Load as an important
attribute of usability. Furthermore, an empirical validation of the pro-
posal will be performed with usability specialists and improvements can
be incorporated into the proposed model after this validation.

Keywords: Mobile applications - Usability - Usability heuristics -
Heuristic evaluation - Usability factors

Introduction

bank transfers, make online purchases, among others [2].

With the change in the use of the mobile phone by the user, new challenges
and peculiarities appeared and such factors should be considered and studied
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for the development of a mobile application, such as software usability in this
context [3].

Usability can be defined as being “a broad concept that basically refers to
how easy it is for users to learn a system, how efficient they can be once they
have already learned it, and how enjoyable it is to use it” [4], i.e., usability is
understood to be the ability to use a product with effectiveness, efficiency and
satisfaction in a specific context of use [5].

Usability is a very important requirement of design, being of utmost impor-
tance to users in the decision to purchase a product [6]. The “IS Success Model”
shows the point of view of the product, how a system is related to user satisfac-
tion. It can be inferred why it is an important factor to be considered a process
of development of a product and/or software, so it is important to know how
to apply it is to evaluate it. Through the evaluation by usability heuristics it is
possible to identify usability problems and thus to evaluate a software as to its
usability [6].

Usability heuristic evaluations describe design/usability principles that serve
to evaluate a particular software, called heuristics, and this evaluation is per-
formed largely by usability experts or by ordinary users, but the latter being
less indicated [7,8]. The evaluation of usability by heuristics has been widely
studied and is one of the most used methods to evaluate the quality of a soft-
ware, being considered in the literature as a traditional evaluation of software
usability [9,10].

The set of the ten heuristics proposed by Nielsen [11] are classic of the liter-
ature and reveal principles for the construction of a software interface in order
to have a good usability. In the context of mobile applications, new factors to
be considered have arisen in relation to human-computer interaction and should
be taken into account in the design and development of a software application
that aims to have a good usability, as well as a new set of usability heuristics
take such changes into account.

This work carried out a Systematic Literature Review (SLR) with the objec-
tive of identifying the usability heuristics for the mobile context proposed in the
literature and also identified the main metrics used in heuristic evaluations of
a mobile application. Based on the results of the SLR, the scope of this work
consists of the proposal of a new set of usability heuristics specific to the context
of applications for touch-screen smartphone that takes into account the user, the
context and the tasks as usability factors [12] and Cognitive Load, as an impor-
tant usability attribute, so that each heuristic contains a detailed description to
facilitate its understanding.

This work did not propose specific heuristics for a given context of mobile
application use, such as the one proposed by Ajibola and Goosen [13] focused
in the context of e-commerce, but will focus on general heuristics in the con-
text of mobile applications for smartphones touch-screen, according to the work
developed by Salvucci [14], since more general heuristics for evaluating interfaces
generally become easier to understand and apply [15].



182 R. Parente da Costa and E. Dias Canedo

The general objective of this work is to propose a set of usability heuristics,
focused on the context of mobile applications, detailing them and also identifying
the main metrics used during heuristic evaluations. The main contribution of
this work will be to propose a model that will contain a set of specific usability
heuristics for mobile applications, in the context of touch-screen smartphones,
which consider the user, context and tasks to be fulfilled in the application as
usability factors and Cognitive Load as an important usability attribute.

This paper is organized as follows. The Sect. 2 presents the theoretical basis
necessary for the understanding of this work. Furthermore, related work is
presented. Section 3 presents the systematic literature review and the results
obtained from it. The Sect. 4 presents the set of proposed heuristics to carry out
the evaluation of Mobile Applications. The Sect. 5 presents the considerations of
this work, learning and future work.

2 Background

According to the literature the term usability has several definitions. The Inter-
national Organization for Standardization (ISO) together with the International
Electrotechnical Commission (IEC) define usability in ISO/IEC 9241-11 [5], such
as: “the extent to which a product can be used by specific users to achieve (the
accuracy and completeness with which users achieve the specified goals), effi-
ciency (the resources expended in relation to the accuracy and completeness
with which users reach goals), and satisfaction (comfort and acceptability of
use) in a specified context of use” [5,16].

There are standards that define what is important to be considered in terms
of usability when the goal is software quality during your development process.
ISO/IEC 9126-1 [17] describes six categories of software quality that are relevant
in the software development process, among which is usability basically defined
as ease of use [17]. However, ISO/IEC 14598 [18] provides a framework for the
use of the ISO/IEC 9126-1 model as a way to evaluate software products [18].

ISO/IEC 25000 [19] is a series of standards that came to replace and extend
ISO/IEC 9126 [17] and ISO/IEC 14598 [18], with the main objective of orga-
nizing, improve and unify concepts related to two major software development
processes: specification of software quality requirements and software quality
assessment, which is performed in conjunction with the software quality mea-
surement process [19]. Usability is considered in every standard and is specifically
mentioned also in DTR 25060 (Common Industry Format (CIF) for Usability)
and ISO 25062: 2006 [20] (Common Industry Format (CIF) for usability testing
reports) [9].

2.1 Related Work

In the work presented by Miranda [21] a set of 16 focused heuristics for mobile
devices is described. Furthermore to the proposed set of heuristics, the work
performs some heuristic evaluations in different mobile applications, which are
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characterized by being of different categories and because they contain differ-
ent functionalities for validation of the proposal: CNN, Amazon, TripAdvisor,
Ebook Reader, Calendar, QR Code Scanner, Dropbox, Dictionary and Skype.
The applications were tested on different mobile devices so that the greatest
number of possible errors were discovered, to cover more than one mobile plat-
form, so the study used the following devices: Smartphone; Samsung Galaxy S4:
running the Android system; iPad: running the iOS system; HT'C Titan: running
Windows Phone OS.

Miranda [21] concludes that with the popularization of mobile devices, such
as smartphones, good usability in a mobile software application is a feature that
distinguishes a successful software solution from others and that seek a usability
of excellence in an application should be something to consider during develop-
ment. The work presented by Miranda [21] reinforces that heuristic evaluation
is an adequate method to evaluate the usability of mobile applications, and that
the set of heuristics proposed in his research can be improved so that more
usability errors can be through this method of evaluation.

In the paper presented by Harrison et al. [12] a usability model called PAC-
MAD (People at the Center of Mobile Application Development) is proposed
which addresses the limitations that the author believes exist in other usability
models when applied to mobile devices, thus PACMAD brings together impor-
tant attributes of other usability models and is characterized by being more
comprehensive.

Harrison et al. [12] compare their model with the usability models proposed
by ISO 9241 [22] and Nielsen [4]. PACMAD incorporates the attributes of both
models and adds Cognitive Load as a usability attribute for mobile applica-
tions. Furthermore, PACMAD proposes three usability factors, User, Task and
Context, which the author argues are important when developing a mobile appli-
cation, as it may impact the final interface of the system.

The related works identified and reported in this paper present usability
guidelines and heuristics for mobile applications, focusing on the user and the
tasks that the user will perform when using a particular application. However,
according to Harrison et al. [12], there are few usability works that consider
context as a usability factor and the author argues that there may be a gap in
the literature about this subject. Therefore, the present work seeks to propose
a set of usability heuristics that consider the user, the task and the context, as
usability factors. Furthermore, it seeks to contribute by minimizing the existence
of this gap on the subject in the literature.

3 Systematic Literature Review

In this work the Systematic Literature Review (SLR) is used. The SLR is a
framework that aims to provide a way to identify, analyze and interpret relevant
research for a particular research question, area of knowledge or phenomenon
of interest [23]. The studies that contribute to answer the research questions
of a systematic review are called primary studies [23]. During the SLR, the



184

R. Parente da Costa and E. Dias Canedo

Planning, Conduct and Publication of Results phases were followed, as defined
in the work presented by Kitchenham [23], together with the Manual Search and
the Snowballing. Table 1 presents the SLR Research Questions:

Table 1. Research Questions (RQ) and Motivation for each RQ

Research Question (RQ)

Motivation

RQ.1. What heuristics are used, in the
context of mobile applications, to
evaluate product quality?

Identify in the literature the heuristics
used to evaluate the quality of mobile
applications

RQ.2. What are the usability heuristics
used in the context of mobile applications
that consider usability factors: user (its

Identify heuristics that focus on
identifying how effective, efficient and
satisfactory a mobile application is,

having the user interaction with the
system as the center of the evaluation

characteristics), task (user goal to be
achieved in the application use), and
context of use of the application?
RQ.3. What are the metrics used in a

heuristic evaluation in the context of
mobile applications?

Identify the metrics that are used for the
heuristic evaluation

The search strategy involved the use of Automatic Search, which consists of
the search through a search string in digital databases [24], followed by Manual
Search, through which searches for papers in Conference proceedings, Journals
or specific Magazines [25]. Furthermore, Snowballing was applied [26].

The Automatic Search was performed in 5 databases, selected for having a
considerable volume of papers published in periodicals and conferences of the
area of knowledge in usability, the focus of this SLR, being;:

— Biblioteca Digital ACM;
— IEEEXplore;

Science Direct;

— Scopus;

— Springer.

The Manual Search was carried out by analyzing the titles and abstracts
(if necessary) of studies published in Conferences Annals and Journals, dealing
with Human-Computer Iteration. The studies considered potentially relevant
were added to the set of selected papers.

The papers selected by the search string in the databases can present results
with some limitations, either by the lack of keywords or synonyms in the String,
or by the non-selection of a database that could return important works of the
area in question or even the way the String was defined can affect the results
obtained in the conduction of an SLR [27]. In order to minimize the loss of
important works, it was decided to use Snowballing’s set of instructions, pro-
posed by Wohlin and Prikladniki [27], which basically consists of reviewing the
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bibliographic references of the selected articles, automatic and manual search,
with the objective of selecting more works related to the research area.

Selection criteria were defined to include and exclude a primary study in our
study object, according to the adopted research strategy. Thus, the inclusion
and exclusion criteria were defined to select the most relevant papers in relation
to the research questions to be answered.

3.1 SLR Results

When applying the automatic search strategy adopted in the selected databases,
from a total of 31 papers returned from the Search String, after reading the title,
abstract and keywords were selected 15 papers and excluded 16 (Fig. 1). Subse-
quently, the following steps of the adopted research protocol were carried out,
resulting in the selection of 6 papers to answer the research questions and the
exclusion of 9 papers. Thus, all steps of the adopted research protocol were per-
formed and resulted in the complete reading of the 6 primary studies. After the
selection of the papers by the automatic search strategy, 1 paper was selected
from the manual search and 1 through Snowballing, totalizing 8 primary stud-
ies for the extraction of data through the systematic review of literature (Fig. 1).

The extraction of the information to compose the SLR result occurred
through the complete reading of the 8 selected papers. From the complete read-
ing of the primary studies it was possible to elaborate the answers to the research
questions defined in this study.

RQ1 - Which Heuristics Are Used in the Context of Mobile Applica-
tions to Evaluate the Quality of the Product? The paper presented by
Neto and Pimentel [28], proposes a set of eleven heuristics of usability focused
specifically for the mobile context, presents a comparison with the ten heuristics
of Nielsen [11]. This comparison is a common thing to do since Nielsen’s work is
a benchmark in the area of usability in general. The objective of this paper is to
compare the proposed heuristics with those of Nielsen in a practical study where
the evaluators use the two models for future comparison of the final number of
usability errors coming from both models. As a result, the model proposed by
Neto and Pimentel [28] enabled the evaluators to find more interface usability
errors than the Nielsen model [29].

Inostroza et al. [9] and [30] propose a set of twelve general heuristics for
touchscreen-based devices. The set of proposed heuristics were refined from an
evaluation with usability specialists divided into two groups, one group used
the set of Nielsen heuristics and the other group used the one proposed by the
author in the evaluation of some applications. In the end it was concluded that
the model proposed by Inostroza et al. [9,30] captured more usability problems
compared to the model proposed by Nielsen [29].

Humayoun et al. [31] proposes a set of 15 heuristics focused on mobile applica-
tions that use multi-touch gestures. Based on the heuristic evaluation conducted
by the author, he concluded that through the proposed set of heuristics, the
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Fig. 1. Result of the papers selection.

evaluators were able to find more usability problems than other heuristic pro-
posals also focused on mobile applications, such as in the paper of Joyce and
Lilley [32], which also proposes a set of heuristics focused on the mobile context.

The work proposed by Billi et al. [33], presents a set of eight general usability
heuristics focused on the mobile context. The author states that traditional
heuristics, such as Nielsen [11], do not deal with context switching and therefore
new heuristics are required for better results in a heuristic evaluation for mobile
applications.

There are some works that defend a set of heuristics for the mobile context
more focused in some specific domain, according to the work presented by Ajibola
and Goosen [13]. This paper presents a proposal of eleven heuristics, based on
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the heuristics of Nielsen [11], but containing some more focused on the context
of m-commerce. The paper presents a revised proposal of heuristics as they have
been re-evaluated with domain experts to improve and validate their proposal.

The work presented by Silva et al. [34], proposes a set of thirty-three usabil-
ity heuristics (evolution of the work [35] of the author) for the mobile con-
text, focused on elderly users (senior citizens). The study presents the heuristics
grouped as follows: 1. Perception: these are heuristics related to the limitations
of perception that the older user tends to suffer, such as: visual and auditory
alterations; 2. Cognition: these are heuristics that refer to the cognitive changes
that can occur with advancing age, such as the difficulty of maintaining attention
or managing a large number of items through working memory; 3. Skill: these
are heuristics related to the difficulty in accomplishing tasks due to the limi-
tations of the user’s motor skills; 4. Navigation: these are heuristics directed
to the understanding of the structure of the application and of how the user
can use that application based on this structure; 5. Content: these are heuris-
tics related to the information and language used in the application; 6. Visual
Design: these are heuristics that address design details, for example, formatting
details and visual representations.

RQ2 - What Are the Usability Heuristics Used, in the Context of
Mobile Applications, that Consider Usability Factors: User (its Char-
acteristics), Task (user Goal to Be Achieved in the Application Use)
and Application Usage Context? In general, all the works that propose
heuristics of usability seek to highlight the usability problems of a software appli-
cation and, based on this, to determine if such application has good usability
and is easy to use for users in general or for those with specific characteristics.
Thus, there are papers that propose heuristics that evidence the usability factors
proposed by Harrison et al. [12].

The first usability factor (user) is evidenced in all works that propose usability
heuristics, since their purpose is to represent general principles of usability to be
applied in a software interface, and based on that, the interface will be easy and
intuitive for the largest number of users with the most diverse characteristics.
When the target audience of an application has more unique characteristics,
such as some physical or mental limitation, the work is conducted with a focus
on these more specific characteristics of the users. The paper presented by Silva
et al. [34] suggests a set of focused heuristics for elderly users that usually have
certain special characteristics that, according to the author, may be psychosocial
changes and functional disorders that affect vision, hearing, movement, cognition
and their relationship to themselves and others around them. Thus, the heuristics
that evidence the usability factor “user” in the author’s work are: 1. Heuristics
2 and 3: Older users tend to be slower at performing tasks overall; 2. Heuristic
10: The characteristics of the target audience should be taken into account in
the language used in the application; 3. Heuristics 13, 19, 20, 23, 24, 25, 26 and
27: Older users tend to have vision problems; 4. Heuristic 22: Older users tend
to have hearing problems.
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The second factor of usability (task) is evidenced in all works that propose
a set of usability heuristics, since the main goal of the heuristics is to present
general principles of usability, when applied in a particular software, if the final
result is the best the user is able to perform their tasks and achieve their goals in
an easy and intuitive way when using software. This statement comes in line with
the definition of usability given by Shackel and Richardson [36]. Thus, all the
heuristics presented by Inostroza et al. [9], for example, evidence the usability
factor (task) proposed by Harrison [12], due to the fact that all heuristics are
geared towards maximizing the ease to achieve their goals in the most intuitive
way possible.

The third factor of usability (context) is exactly the factor that Harrison [12]
mentions as being a gap in the literature of works related to software usabil-
ity. Thus, during the execution of this systematic literature review, no work
was found containing context-oriented heuristics, reinforcing Harrison’s asser-
tion [12].

RQ3 - What Are the Metrics Used in a Heuristic Evaluation in the
Context of Mobile Applications? Goémez et al. [37] used a metric to prior-
itize the relevance of heuristic items to the specific interface evaluated. In this
way, the experts prioritized heuristics from 1 to 4, based on the application of
evaluated software, being: 1 - for completed heuristic items, 2 - for those corre-
sponding to usability gaps, 3 - for heuristic items that were not evaluated in the
current phase of the software life cycle and 4 - for issues not applicable to the
interface.

Inostroza et al. [30] conducted a study for the evaluation of their proposed
heuristics, comparing them with the Nielsen heuristics [11], causing two distinct
groups of evaluators to evaluate a mobile application under egalitarian condi-
tions. Inostroza et al. [30] used a metric that consisted in evaluating the severity
of usability problems related to a given heuristic using a severity scale from 0
(low) to 4 (high).

Billi et al. [33] carried out in their work a heuristic evaluation divided into
three stages: pre-evaluation, individual evaluation and consolidation of individ-
ual findings. In the pre-evaluation phase the evaluators sign a consent form and
a demographic questionnaire is given for the heuristic evaluation, as well as the
instructions necessary for the evaluators to familiarize themselves with the set
of mobile heuristics proposed by the author. In the individual evaluation phase,
the evaluators sought to identify and prioritize usability problems based on the
proposed heuristics. In the consolidation phase of the individual findings, the
evaluators after completing the previous phase met to discuss the findings with
the other evaluators. In the heuristic evaluation conducted, a metric proposed
by Nielsen [38] was used to prioritize usability problems, which consists in evalu-
ating the usability problem found for its severity on a scale of 0 to 4, being: 0 for
no problems encountered, 1 for aesthetic problems found, 2 for minor usability
problems found, 3 for found usability problems that need to be fixed with a high
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priority and 4 for extremely urgent usability problems, and must be repaired
before the product is released to end users.

Humayoun et al. [31], conducted a heuristic evaluation with five expert eval-
uators in the field of computer science. The evaluation was conducted so that
the evaluators were given a small training of 30 to 60 min to become familiar
with the method. Thus, the evaluation scenarios were given to the evaluators
and later the actual heuristic evaluation was performed, the author describes
that the Likert scale metric was used [39] (Ajibola and Goosen [13] also use this
the same metric in his work) to classify the heuristics from 1 to 5 as to their
usefulness during the evaluation, being: 1 - strongly disagree, 2 - disagree, 3 -
neutral, 4 - agree and 5 - strongly agree.

4 Proposed Heuristics Set for Mobile Applications

According to the results obtained with the SLR conducted it is proposed a set
of heuristics for the evaluation of the usability of mobile applications. The Fig. 2
presents an overview of the proposed set. Each heuristic is structured with its
respective ID; Name; Definition; Explanation; Primary Studies that justify its
use; Benefits associated with the use of heuristics and; Problems associated with
misinterpretation.

UH10 UH2

UH6 . Usability Factors

UH7 UH12

UH13

Fig. 2. Disposition of usability factors by usability heuristics.
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Usability Heuristics Set found are:

— UH1 - Visibility of System Status. The application should keep the user
informed about all processes and state changes within a reasonable period
of time.

— UH2 - Correspondence between the Application and the Real World. The
application must speak the language of the users and not in technical terms
of the system. The application must follow the conventions of the real world
and display the information in a logical and natural order.

— UHS3 - User Control and Freedom. The application should allow the user to
undo and redo their actions for clear navigation and should provide the user
with an option to exit undesirable system states.

— UH4 - Consistency and Standards. The application must follow the estab-
lished conventions, allowing the user to perform their tasks in familiar, stan-
dardized and consistent manner.

— UHS5 - Error Prevention. Eliminate error prone conditions and give the user
a confirmation option with additional information before committing to the
action.

— UHG6 - Minimize the User’s Memory Load. The application should provide
visible objects, actions, and options to prevent users from having to memorize
information from one interface to another.

— UHTY - Customization and Shortcuts. The application should provide basic and
advanced settings for setting and customizing shortcuts for frequent actions.

— UHS - Efficiency of Use and Performance. The device must be able to load
and display information in a reasonable amount of time and minimize the
steps required to perform a task (number of steps to be taken by the user
to reach a goal). Animations and transitions should display smoothly and
smoothly.

— UH9 - Aesthetic and Minimalist Design. The application should avoid dis-
playing unwanted information that overwhelms the screen.

— UH10 - Help Users Recognize, Diagnose, and Recover from Errors. The appli-
cation should display error messages in a language familiar to the user, accu-
rately indicating the problem and suggesting a constructive solution.

— UH11 - Help and Documentation. The application should provide easy-to-find
documentation and help centering on the user’s current task and indicating
concrete steps to follow.

— UH12 - Pleasant and Respectful Interaction with the User. The device should
provide a nice iteration with the user so that the user does not feel uncom-
fortable while using the application.

— UH13 - Privacy. The application must protect the user’s sensitive data.

5 Conclusion

Due to the growth of the production of smartphones and associated with its
evolution, usability is a key factor of differentiation for products and mobile
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applications and also a fundamental attribute for the quality of the product.
Usability is a factor that facilitates the use of the software by the user, which
can help in the user’s loyalty and also in his satisfaction in the use of a software
application that presents a good usability.

As the usability heuristics proposed by Nielsen [11] were not developed with
the focus of encompassing the mobile applications [28], it became necessary to
identify and propose a new set of heuristics that focused on applications based
on the mobile context, for example, the work proposed by Dourado and Canedo
[26]. Thus, the present work proposes a set of usability heuristics that consider
the user, the task and the context as usability factors. The proposal has a basis
in the works identified through the systematic literature review (SLR) carried
out in this work. Furthermore, the SLR allowed to answer the research questions
that were proposed.

The main contribution of the present work is to propose a set of heuristics
for the context of mobile applications. Furthermore, to highlight the usability
factors proposed by Harrison et al. [12] and to include Cognitive Load as an
important attribute of usability. During the conduction of the SLR the metrics
that were used by the academy during an evaluation of usability heuristics were
identified.

For future work, it is still necessary to validate the set of heuristics with
specialists in the area of usability to refine and validate the proposal, as well as
to perform an empirical validation of the present work by means of a heuristic
evaluation of one or more mobile applications and by to carry out a full evaluation
of the results.
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Abstract. The End-User Development (EUD) consists of a research area
that has been under study for some time and covers a wide variety of
domains and types of end users. However, there is still a lack of stud-
ies that analyze how EUD research has been reflected in practice. There-
fore, this paper contributes to enable an understanding of the current sce-
nario of EUD solutions, revealing trends that are emerging and gaps to be
addressed. For this, a systematic literature review was carried out, aiming
to characterize the solutions that have been developed using the EUD app-
roach. The results show that most of EUD solutions are for web platform
and focus on customizing existing applications, using visual programming
techniques as interaction style. However, issues related to quality of use
found in some results indicate that more research approaching IHC models,
methods and techniques in design and evaluation of EUD tools is needed.

Keywords: End-user development - End-user programming -
Systematic literature review

1 Introduction

The use of software applications in different contexts, whether for work or for
entertainment purposes, has grown significantly in the last few years [13]. With
this, it has also increased the number of systems that do not fully meet their
users’ needs. Thus the need arises for allowing end users, with little or no knowl-
edge in programming and software development, to create their own applications
or customize existing ones, to support them in carrying out specific tasks [16].

This fact characterizes the End-User Development (EUD) approach, which
enables end users to design or customize the user interface and functionality of
software [7]. EUD also consists of a research area that has been under study
for some time and covers a wide variety of domains and types of end users [16].
However, there is still a lack of studies that analyze how EUD research has been
reflected in practice, that is, in the development of software applications based
on this approach.

This paper contributes to this line of research to enable an understanding
of the current scenario of EUD solutions, revealing trends that are emerging
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and gaps to be addressed. For this, a systematic literature review (SLR), follow-
ing the methodology proposed by Kitchenham [14], was carried out, aiming to
characterize the solutions that have been developed using the EUD approach.
Such characterization considered particularly the context of use, platforms and
interaction styles used, as well as characteristics of quality of use and limitations
presented by the EUD tools.

Next, we briefly present the concept of EUD, which is the main theory on
which the present work is grounded, followed by an overview of related works.
Then, we present the protocol for the systematic literature review, followed by
the results and discussion. We conclude by presenting our final remarks and
outlining the next steps of our research.

2 End-User Development

End-user development (EUD) is a set of methods, techniques and tools that
allow non-professional users to act as software developers, creating, modifying
or extending software to achieve a goal [17]. EUD covers two similar concepts,
end-user programming and end-user software engineering [7]. End-user program-
ming (EUP) is the most mature subset of EUD from research and practice per-
spective [7] and it enables end users to create their own programs [16]. In this
case, the developer himself is the user of the program, whereas in professional
programming the goal is to create programs for others to use. Programs cre-
ated by EUP can be extensions of existing applications, such as the creation of
text manipulation macros in a text editor that are linked to keyboard shortcuts.
These programs also can be new applications, as in the case of a spreadsheet that
a teacher creates to manage the grades of his students. According to Burnett
and Scaffidi [7], the difference between EUP and EUD is that EUD methods,
techniques, and tools span the entire software development lifecycle, including
modifying and extending software, not just the “create” phase.

The other concept related to EUD is end-user software engineering (EUSE).
EUSE is a relatively new subset of EUD that emphasizes the quality of the soft-
ware end users create, modify, or extend. Research in EUSE focuses on methods,
techniques, and tools that promote the quality of such software [7]. The chal-
lenge of EUSE research is to find ways to incorporate software engineering activ-
ities into users’ workflows without requiring a radical change in the way they
work [16]. An example would be to incorporate tools that simplify the identifi-
cation of data entry failures as the user provides information in a spreadsheet,
rather than waiting for the users themselves to enter a test phase during their
programming efforts.

In this paper, we use the term EUD to refer to both EUP and EUSE. Thus,
the EUD solutions that will be characterized may refer to both software artifacts
created, modified or extended by end users and also methods, techniques, and
tools that promote the quality of such software.
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3 Related Work

Among the few studies that make a survey on End User Development (EUD)
field, Ko e colleagues [16] conducted a study aiming to classify the research
and define the area of End-User Software Engineering (EUSE). The authors
discuss empirical research related to EUSE activities (requirements, design and
specification, reuse and testing) and the technologies designed to support them.
As results, they identify works that focus on these different activities and also
for different platforms.

Tetteroo e Markopoulos [28] presented a larger study comprising a liter-
ature review of the EUD field, covering the period from 2004 to 2013. The
authors discuss the methods, purposes, and impacts of research in EUD, as well
as pointing out trends within the research community and the gaps that need
to be addressed. The results point to an increase in interest in EUD researches,
although such interest has declined within the HCI community.

Although the above studies present surveys on the state of the art in EUD
field, they focus on specific aspects in this research area. Paterné [25], on the
other hand, addresses more practice aspects, by discussing and classifying several
EUD approaches according to their main characteristics, as well as the technolo-
gies and platforms for which they were developed. However, a broader study is
lacking, aiming to characterize in a more detailed and systematic way the EUD
solutions presented in literature.

Regarding specific EUD solutions, we have identified a number of them, with
distinct purposes and for different contexts, as we will show in the Sect. 5, that
presents the results of the study conducted in the present work.

4 Systematic Literature Review

Our study followed the methodology proposed by Kitchenham e Charles [14]
to conduct the Systematic Literature Review (SLR) which allowed us to char-
acterize the EUD solutions that have been developed in the last years. Such
methodology has three main phases: (1) planning the review; (2) conducting the
review; and (3) reporting the review. In the phase (1), the goal of the review
is identified and a review protocol is developed. Then, in the phase (2), the
literature review is conducted by selecting the primary studies, assessing their
quality, collecting the data and synthesizing the results. Finally, in the phase
(3), findings are reported.

In the following subsections we present the activities carried out in the phases
(1) and (2) of the SLR we conducted, while the phase (3) will be described in
Sect. 5.

4.1 Research Question

We used the PIO (Population, Intervention and Outcome) strategy to formulate
the research question that will guide the study [14], as showed in Table 1.
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Table 1. PIO criteria

Population |End-user

Intervention | Development, Programming and Software Engineering

Outcomes Features of software solutions

Thus, the following research question (RQ) was formulated for the present
study: How are the end-user development solutions characterized? To better
answer this research question, it was broken down into the following specific
questions (SQ):

[SQ1] What contexts have EUD solutions been developed for?

[SQ2] What platforms have EUD solutions been developed for?

[SQ3] What interaction styles have been used by EUD solutions?

[SQ4] What quality-of-use features have been addressed by EUD solutions?
[SQ5] What are the limitations of EUD solutions?

Once the specific questions had been identified, the next step was to identify
the relevant publications.

4.2 Research Process

Firstly, we elaborated the research string. We did it from the junction of the main
terms that compose the research goal. We chose to use each term separately given
that different authors use specific terms (e.g. EUP and EUSE) in the context of
EUD.

In order to ensure that studies published in national and international con-
ferences and journals were returned, we used keywords in both Portuguese and
English language. Therefore, the string showed in Table2 was defined for this
research.

Table 2. Research string

(“desenvolvimento por usuério final” OR “end-user development”) OR
(?programagao por usudrio final“ OR “end-user programming”) OR
(“engenharia de software por usudrio final” OR “end-user software en-
gineering”)

The research string was used in electronic search, in the following digital
libraries: ACM Digital Library', IEEE?, Science Direct?, Springer* e a HCIBIB®.

! http://dl.acm.org/.

2 http://ieeexplore.icee.org/Xplore/home.jsp.
3 http://www.sciencedirect.com/.

* http://www.springerlink.com/.

5 http://hcibib.org/.
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In addition, we also did manual search in proceedings of Brazilian Symposium on
Human Factors in Computing Systems (IHC), for years that were not available
at the ACM Digital Library.

The selection of repositories to search for publications was based in their
importance for had published the greatest amount of study in the EUD field
and that would allow us to undertake a study with high quality and relevance.

We search for studies published from 2007, when the first conference dedi-
cated exclusively to the EUD took place, the International Symposium on End
User Development, to 2017, the year when the present research was conducted.

According to [14], studies should be evaluated for their relevance. Therefore,
inclusion and exclusion criteria were defined in order to reduce the number of
studies that are not relevant to the research question. Tables 3 and 4 exhibit the
inclusion (IC) and exclusion (EC) criteria for this research, respectively.

Table 3. Inclusion criteria

IC 1 | Studies should consider one or more end-user development solutions

IC 2 | Full papers: technical or experience
IC 3  Short papers

Table 4. Exclusion criteria

EC 1 | Studies published in languages other than English and Portuguese

EC 2 | Books, tutorials, editorials, abstracts, posters, panels, lectures, round
tables, workshops, demonstrations or workshops

EC 3| Studies that are not available on the web in unrestricted access or through
institutional IP

EC 4 | Duplicate papers that talk about the same study and report the same
results (in this case, the most recent paper will be used as the basis for
analysis)

EC 5 | Papers that did not reach the minimum quality score established

Once the inclusion and exclusion criteria have been defined, the search was
executed, both manually and automatically, using the research string, in the
selected repositories, according to the selection process shown in Fig.1. The
following steps were performed:

1. Reading the title to eliminate irrelevant documents;
2. Reading the abstract and keywords to eliminate studies included in step 1
that were not related to the research questions;
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3. Reading the introduction, main topics and conclusion to eliminate studies
included in step 2 that were not related to the research questions (skim read-
ing);

4. Complete reading of the selected studies in step 3 and application of the
quality criteria, in order to verify their relevance to collect relevant data to
the research.

F Search Results
939 Papers

Removing Duplicates

898 Papers

1

Reading Title

187 Papers

Read Abstract and Keywords

75 Papers

Reading Introduction, Main
Topics and Conclusion

55 Papers

Complete Reading

21 Papers

Data Collection

m)-EIEEHE

Fig. 1. Studies selection process

The above steps were carried out by a researcher, with the assistance of
another researcher, who reviewed the whole process. In cases where verification
at each step was not sufficient to determine whether or not the study should be
included in the next step, it remained on the list so that it could then be analyzed
in the next step, until its relevance to the research was confirmed. In steps 1,
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2, and 3, the inclusion and exclusion criteria established for the search were
applied. The data set found in each of the steps was stored in Excel worksheets.

As we can see in Fig. 1, in the step 1, of 939 articles returned by automatic
and manual searches, 187 (20%) were selected for the step 2, after removing
duplicates and executing the title reading step. After abstract and keywords
reading, 75 papers were selected for step 3, which represents a reduction of 60%.
Finally, after skim reading, 55 papers were selected for step 4, when complete
reading of them was carried out. Thus, 21 papers were selected for analysis, after
the application of the quality criteria shown in Table 5.

Table 5. Quality criteria

Criteria | Question

QC1 Does the study clearly define the purpose of the research (define research

question)?
QC2 Does the study discuss related works?
QC3 Is the study relevant to answer the research question?
QC4 Does the study recommend possible futures work?

QC5 Does the paper mention the context for which the EUD solution applies?

QC6 Does the paper mention for which platform the EUD solution has been

developed?

QC7 Does the paper mention what interaction style has been use by the EUD
solution?

QC8 Does the paper refer to the quality-of-use feature related to the EUD
solution?

QC9 Does the paper refer to limitations of the EUD solution?

5 Results

Table 6 presents the 21 studies analyzed and their reference identifier assigned
to be referenced in this paper. It also summarizes the data collected during the
research. This information will be used in the analysis which is presented in the
next section. The analyzed studies were classified according to five dimensions:
context of use, platform, interaction style, quality-of-use features and
limitations presented by EUD solutions. Context of use refers to the applica-
tion domain of the EUD solution. The Platform refers to the environment for
which the EUD solution was developed, which can be web, desktop or mobile [25].
Interaction style consists of the way in which end users interact with the solu-
tion of EUD [23]. Quality of use features is related to characteristics of the
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EUD solution that qualify the possible interaction through the interface accord-
ing to certain aspects, such as usability, user experience, accessibility, among
others [26]. Limitations consist of problems related to EUD solutions reported
in the studies. Finally, Segment refers to where the EUD solution was created,
i.e. academia or industry.

6 Analysis

Analyzing the resulting studies from the SLR, it is noticed that the largest num-
ber of papers addressing EUD solutions occurred more recently, between 2014
and 2017, corresponding to approximately 66% of the analyzed publications,
which characterizes an incipient character of the research involving EUD tools.
Regarding publication venue, 43% of papers were published in journals or peri-
odicals, while 57% were published in conferences. Figure 2 shows the publications
by year and by publication venue.

w

-

Number of Publications
~

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year

B Periodic Conference

Fig. 2. Distribution of publications by year e publication venue.

Considering the studies analyzed, 48% of them present EUD solutions for
customizing existing applications, while 29% aim to creat new applications and
23% are intended for content creation.

Another aspect observed from the analysis is that most EUD solutions
come from academia. Only 5 studies (24%) had collaboration from industry
researchers.

Next, in order to answer the research question (RQ) of this study, we will
answer the specific questions (SQ), based on the research conducted.
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Table 6. References and data collection summary
ID |Reference Context of use | Platform Interaction style | Quality-of-Use | Limitations
features

E1 |Diaz et al. Independent ‘Web Visual Yes Yes
(2013) [12] of domain Programming

E2 |Kleek et al. Personal Life |Web Visual Yes Yes
(2010) [31] Programming

E3 | Ardito et al. Culture ‘Web Visual Yes Yes
(2012) [3] Programming

E4 |Di Geronimo et Independent ‘Web Visual Yes Yes
al. (2017) [11] of Domain Programming

E5 |Borges e Macias Independent ‘Web Programming by | Yes Yes
(2010) [6] of Domain Demonstration

E6 |Baytas et al. Independent Desktop Visual No Yes
(2014) [5] of Domain Programming

E7 | Tetteroo et al. Health Desktop Visual Yes Yes
(2015) [29] Programming

Tangible
Programming

E8 |Wong e Hong Independent ‘Web Programming by | Yes Yes
(2007) [32] of Domain Demonstration

E9 | Akiki et al. Independent ‘Web Visual Yes Yes
(2017) [2] of Domain Programming

E10 | Castelli et al. Smarts Home | Web Visual Yes Yes
(2017) [9] Programming

E11 | Martin et al. Independent ‘Web Programming by | Yes No
(2014) [21] of Domain Demonstration

E12 | Tankovic et al. Business ‘Web Programming by | No Yes
(2014) [27] Demonstration

E13 | Lizcano, et al. Independent ‘Web Visual Yes Yes
(2014) [18] of Domain Programming

E14 | Barricelli e Sports ‘Web Programacao Yes Yes
Stefano (2017) [4] Visual

E15 | Ghiani et al. Independent ‘Web Visual No Yes
(2016) [13] of Domain Programming

E16 | Lizcano et al. Independent ‘Web Visual No Yes
(2015) [19] of Domain Programming

E17 | Aghaee e Pautasso | Independent ‘Web Programming by | Yes Yes
(2014) [1] of Domain Demonstration

E18 | Neumann et al. Sports Mobile Visual No Yes
(2009) [24] Programming

E19 | Turchi et al. Independent Desktop/ Web | Tangible No Yes
(2017) [30] of Domain Programming

E20 | Danado e Paterno |Independent Mobile Visual Yes Yes
(2012) [10] of Domain Programming

E21 | Carneiro e Independent ‘Web Textual Yes Yes
Monteiro of Domain Programming
(2016) [8]

6.1 [SQ1] What Contexts Have EUD Solutions Been Developed

Regarding to the context, which refers to the domain to which the analyzed

For?

EUD solutions apply, it was possible to classify them as follows:

— Domain independent: most of EUD solutions analyzed (67%) can be clas-

sified in this category, i.e, they allow end-users, even not being technology
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experts, to be able to create, modify and extend existing content and services
in order to get an application that best suits to their needs, whatever the
domain which it refers. This is the case, for example, of the tool presented
in E20 [10], which can be used by end-users to develop different types of
applications.

— Domain Specific: 33% of the EUD solutions analyzed fit in this category,
i.e., they are aimed at to a specific domain, as personal life) (E2 [31]), culture
(E3 [3]), health (E7 [29]), smart homes (E10 [9]), businesses (E12 [27]) and
sports (E14 [4] and E18 [24]).

6.2 [SQ2] What Platforms Have EUD Solutions Been Developed
For?

Most of EUD solutions presented in analyzed studies were developed to web
platform (about 65%), followed by desktop (22%) and mobile platform (13%),
as shown in Fig. 3. One analyzed solution is multiplatform, contemplating both
web and desktop platform.

16
14
12

10

Number of Publications
(o]

2 -
0

Web Desktop Mobile

Platforms

Fig. 3. Platforms for which EUD solutions were developed

6.3 [SQ3] What Interaction Styles Have Been Used by EUD
Solutions?

EUD solutions were classfied according to the interaction styles, presented in lit-
erature [7], that they provides to end-users. Figure 4 shows the interaction styles
provided by solutions analyzed. Visual Programming is the most used between
solutions (64%) and only one solution combines more than one interaction style.

Visual programming is a techniques that has become relevant in the research
community for reducing barriers for end-users to create content for specific
domain and for demonstrating benefits in support to development [20,24].
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Thus, the analyzed EUD solutions use such technique in order to facilitate the
interaction of end-users which have no development knowledge. This is the case,
for example, of the solution shown by [31], which allows the end-user sets alarms
and reminders for daily tasks simply manipulating visual components in its
interface.

Number of Publications

8
6

“ l

2

. | E—

Visual Programming Programming by Tangible Textual
Demonstration Programming Programming

Interaction Styles

Fig. 4. Interactions styles in EUD solutions.

6.4 [SQ4] What Quality-of-Use Features Have Been Addressed by
EUD Solutions?

The majority of EUD solutions analyzed (15 out of 21) presents features associ-
ated to quality-of-use, as explained below:

— Easy of use. This feature is the most present in analyzed solutions (33%)
(E2 [31], E4 [11], E9 [2], E11 [21], E14 [4], E20 [10] e E21 [8]). This can
be explained by the fact that easy of use i very important for a system can
be effectively used by end-users, particularly those which have no extensive
experience in technology. Thus, just the fact of not requiring development
knowledge, which is an inherent feature of EUD solutions, contributes to
ease-of-use. This is the case of SideTalk [8], for example, that has a simple
interface and communicates well to users its design intentions.

— User feedback, concerning the actions he performs in the system. This
feature is present in some analyzed studies (19%) and it is important in order
to keep the user informed of the results of his actions. Such feature was
considered by four analyzed solutions (E1 [12], E3 [3], E10 [9], and E17 [1]).
The solution presented in [9], for example, consists of a domestic system that
allows users to have an overview of the current status of their smart home.

— Concealing of non-important informations. Three solutions (E1 [12],
E9 [2] e E13 [18]), i.e., 14% of analyzed studies, presented the feature of
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not show in the interface information that can cause confusion for the user,
or even lead to system errors. The Sticklet, for example, shown in [12], hides
some JavaScript functionality from users since it can cause failures on system.

— Adaptation to users needs, in different contexts of use. This feature refers
to the flexibility offered by the system, in order to can be tailored to sat-
isfy users needs. Such features present in three of analyzed solutions (E5 [6],
E7 [29] and E8 [32]), i.e., 14% of analyzed studies. The EUD solution present
in [6], for example, allows users to adopt certain features of the work envi-
ronment, depending on their experience.

6.5 [SQ5] What Are the Limitations of EUD Solutions?

The absolute majority of analyzed EUD solutions (20 of a total of 21) present
some difficulty or limitation in their use. The most of the detected limitations in
analyzed solutions consists of aspects which can negatively impact users inter-
action with the system, as follows:

— Incompatibility between the language used by the system and the
user’s language. This limitation, which is present in 33% of analyzed EUD
solutions (seven - E2 [31], E5 [6], E7 [29], E8 [32], E14 [4], E20 [10], and
E21 [8]), makes more difficult for user to understand how to interact with
the system. Interaction with these solutions requires greater effort on the
part of users, as is the case of TagTrainer, presented by [29], where the lack
of programming skills and interaction design experience of some therapists
inhibit them to create proper exercises for their patients.

— Lack of control by users. This limitation was reported for 20% of analyzed
EUD solutions (six - E3 [3], E4 [11], E6 [5], E9 [2], E10 [9], and E18 [24]).
It restricts user interaction with a system in actions that are pre-defined
by designer. An example is open.DASH application, presented in [9], which
made impossible for users to interact with desirable system features, due to
a limited amount of sensors.

— Lack of help to users. The lack of a help mechanism, which guides the user
through his interaction with the system, explaining details on how to use it,
was pointed out as limitation in 19% of the studies (four - E1 [12], E9 [2],
E20 [10] and E21 [8]). In Stikclet [12], for example, it is not offered to users
any assistance to guide them while their interaction.

— Limitations to specific platforms or formats. 14% of analyzed studies
(three - E1 [12], E13 [18], and E16 [19]) address this limitation in EUD solu-
tion. This is the case of tool presented in [19], in which it is only applicable
information in XML format, but not in other, as JSON or simple text file.

— Error propensity. In solutions with having such limitation, there is the
possibility that user-system interaction is discontinued as a result of failure
to perform one or more functionality. 10% of analyzed EUD solutions (two
studies - E16 [19] and E20 [10]) indicate the error propensity as a limitation,
as is the case of runtime errors shown by EUD solution presented in [10].
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— Other limitations on interaction. In 14% of studies (three - E15 [13],
E17 [1], and E19 [30]), it was found the following limitations: not support-
ing collaboration, lack of feedback to users about the results of
their actions e incompatibility between interaction styles used by
solution.

In addition to these limitations, one study (E12 [27]) pointed as EUD solu-
tion limitation a problem related to integration and scalability. Such issue,
different from those presented above, is intrinsic to the system, and not relative
to user interaction.

7 Discussion

From the obtained results, it is possible to answer the research question investi-
gated in this study: [RQ/: How are the end-user development solutions charac-
terized?

Initially, we identified that research involving EUD solutions is recent and
has intensified from 2014, indicating an increase in the use of the EUD approach
in practice as well as in the interest in such research field. In addition, most
of the solutions came from the academy, indicating that industry still does not
effectively apply the potential of the EUD approach to market opportunities for
products and services. This fact confirms, in the present day, what Klann et al.
stated in 2006 [15].

The analyzed solutions focus mainly on the tailoring of existing applications,
i.e., modifying the appearance or set of attributes of a system by an end user [22].
Such EUD solutions are also predominantly independent of domain, indicating
a more general character of the EUD approach. This suggests a tendency to
have solutions aimed at meeting the needs of end users in any domain or area
of knowledge, instead of being targeted to specialists of specific domains.

The fact of most EUD solutions have been developed for web platform prob-
ably occurs because it is currently the most common user interface and can be
accessed from any device. This fact may encourage the development of EUD
solutions for such platform [25].

Visual programming is the dominant interaction style in EUD solutions.
Thus, given the purpose of such technique of making easier the user interac-
tion [7]. This fact indicates that EUD research converges to popularizing the use
of its tools, by using the visual programming as a strategy to attract end-users
to create their own applications.

The concern with quality of use was present in most of the analyzed EUD
solutions, with “ease of use” being the most present feature among them. This
fact shows the concern about the use of these solutions by end-users, given that
one of the requirements for systems to be widely accepted by their users is that
they present properties that bring quality to the possible interactions through
their interface [26]. On the other hand, the number of limitations regarding issues
that negatively impact the user interaction, present in EUD solutions, exceeds
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the number of quality-of-use features. This fact indicates an inconsistency and
deserves to be further investigated.

This fact suggests a gap in the research on the use of IHC models, methods
and techniques in projects and evaluation of EUD tools. Such a situation can
be confirmed by the fact that, of the 21 studies analyzed in this study, only one
EUD solution was developed and evaluated using HCI models and methods [8].

8 Conclusion and Future Works

This study described how the end-user development approach has been used
in the development of end-user support tools. For this, a systematic literature
review was conducted in order to identify how these solutions are characterized.

The motivation to conduct this study was initially due to the lack of studies
that analyze how research in EUD is reflected in practice.

The results indicated that most of the existing EUD solutions in literature
focus on application customization, by using visual programming techniques and
thus indicating an initiative to attract users to use them. However, quality-of-use
features and limitations identified in EUD solutions point to inconsistencies that
indicate the need for research involving HCI models, methods and techniques in
the design and evaluation of these tools, in order to achieve a higher quality of
use.

In terms of contribution, our results are a basis to research approaching HCI
models, methods and techniques in design and evaluation with EUD tools.

To this end, research can be conducted in order to investigate how HCI the-
ories, models, methods and techniques have been used in design and evaluation
of EUD solutions and what the impact of this in their quality of use.
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Abstract. Thanks to the hyperconnected world in which we live, we
are surrounded by devices. Many of these devices can communicate with
each other, and even they can support the same application so that the
user can have multiple forms of interaction. However, developers should
be careful when considering the control level left to users, since the appli-
cations may become unusable. Whether the system or user decides the
distribution of the available devices, Graphical User Interface (GUI) con-
sistency must always be preserved. Consistency not only provides users
with a robust framework in similar contexts but is an essential learning
element and a lever to ensure the GUI efficient usage. This paper pro-
poses a set of consistency guidelines that serve as a means for the con-
struction of multi-device applications. As a case study, DistroPaint was
evaluated by experts who identified consistency violations and assessed
their severity.

Keywords: Design guidelines + GUI consistency - User experience -
Interactive environments + Multi-device applications

1 Introduction

At present we are surrounded by devices, the most common are smartphones,
tablets, and laptops. However, more and more devices are being added to create
a truly interactive environment: sensors, cameras, microphones, smart watches,
and screens that can be found in the most unexpected places. Today the number
of devices connected to the Internet surpasses 7 billion [1]. The omnipresence of
these devices, especially mobile ones, is progressively changing the way people
perceive, experience, and interact with products and each other [2]. This transi-
tion poses a significant challenge, since we have to design User eXperiences (UX)
according to each device.

Within this context, a topic of particular interest is when a single application
can be executed on multiple devices. The ability to seamlessly connect multiple
devices of varying screen size and capabilities has always been an integral part
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of the vision for distributed UX and Ubiquitous Computing [3]. That is, the
same application has to provide a similar UX regardless of the device or its
environment. One way to preserve UX is to have a consistent application.

Consistency states that presentation and prompts should share as much as
possible common features and refer to a common task, including using the same
terminology across different inputs and outputs [4]. Several studies have shown
that consistency is a crucial factor for multi-device experience, but they have
also argued that it is a challenge for developers, since maintaining consistency
of a multi-device system is an open problem [5-8]. Consistency is important
because it reduces the learning curve and helps eliminate confusion, in addition
to reducing production costs [9-11].

Microsoft is an excellent case to exemplify the importance of consistency.
Windows 10 and Office (in its most recent versions) are two of the most important
products of the company; It is notorious that both GUIs are a design statement
since they follow the same layout. In both software products, we can see that
their toolbars have a similar design, i.e., the grouping, positioning, and labelling
of buttons and commands is identical. This is intended to allow users to focus on
their productivity, without the need to learn a new tool panel for each software
they use. For this reason, Microsoft developed a series of tools, including an API
and design guidelines that are integrated into a framework called Ribbon [12],
so that this design discourse propagates to all applications developed by third
parties.

In this way, we can talk about three approaches to the design of applications
which, although authors like Coutaz and Calvary [13] and Vanderdonckt [14]
studied years ago, Levin [2] summarises them in her 3C framework:

— Consistent design approach: Each device acts as a solo player, creating
the entire experience on its own.

— Continuous design approach: Multiple devices handle different pieces
sequentially, driving the user toward a common goal.

— Complementary design approach: Multiple devices play together as an
ensemble to create the experience.

This framework presents a series of challenges since it involves, among other
things, the fragmentation of the GUI and business logic. Thus the task for the
developers is to preserve a positive UX among all the devices.

By adding consistency elements to the design of multi-device environments,
usability is improved, and the possibility of a scenario with negative UX is
reduced [15,16]. The primary goal of our work is to propose a set of design
guidelines that serve as a model in the creation of consistent applications. These
guidelines are depicted through a case study: DistroPaint. This application has
been evaluated by five UX experts, who have identified a list of consistency
violations and have assessed the severity of each one.

This paper is organised as follows. First, in Sect. 2, related work is studied.
Section 3 describes the research methodology that we use. Then, in Sects. 4 and 5,
we respectively define and implement our set of design guidelines. Finally, in
Sect. 6 we discuss the achieved work and provide some ideas for future work.
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2 Related Work

This section describes some of the investigations carried out in the field of multi-
device UX. They serve to support the importance and necessity of our proposal.

After having interviewed 29 professionals in the area of interactive environ-
ments, Dong et al. [3] identified three key challenges that have prevented design-
ers and developers from building usable multi-device systems: (1) the difficulty
in designing interactions between devices, (2) the complexity of adapting GUIs
to different platform standards, and (3) the lack of tools and methods for testing
multi-device UX.

Marcus [17] was a pioneer in the description of good practices to develop
GUIs. He claims that the organisation, economisation, and communication prin-
ciples help GUI design. The highlights are his four elements of consistency:
(1) internal (applying the same rules for all elements within the GUI), (2)
external (following existing conventions), (3) real-world (following real-world
experience), and (4) no-consistency (when to deviating from the norm).

Meskens et al. [18] presented a set of techniques to design and manage GUIs
for multiple devices integrated into Jelly, a single multi-device GUI design envi-
ronment. Jelly allows designers to copy widgets from one device design canvas
to another, while preserving the consistency of their content across devices using
linked editing.

O’Leary et al. [19] argue that designers of multi-device UX need tools to
better address situated contexts of use, early in their design process through
ideation and reflection. To address this need, they created and tested a reusable
design kit that contains scenarios, cards, and a framework for understanding
tradeoffs of multi-device innovations in realistic contexts of use.

Woodrow [20] defines and contextualises three critical concepts for usability
in multi-device systems: (1) composition (distribution of functionality), (2) con-
sistency (what elements should be consistent across which aspects), and (3) con-
tinuity (a clear indication of switching interactions). The author makes a call for
more active involvement by both the systems engineering and engineering man-
agement communities in advancing methods and approaches for interusability
(interactions spanning multiple devices with different capabilities).

All these works show that the highly interactive environments formed by
multi-device applications are a promising field with many issues to explore.
However, they are also examples of a knowledge gap that we try to fill with
our guidelines for consistency.

3 Research Methodology

The research methodology for the development of our design guidelines is based
on the Design Science Research Methodology (DSRM) process model proposed
by Peffers et al. [21] (see Fig. 1). We chose this methodology because its popular-
ity in the state of the art, and it has proved useful in similar problems [22-24].

An Objective-Centred Initiation has been chosen as a research entry point
because our goal is to improve the design of multi-device applications. As for
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Fig. 1. We started from an Objective-Centred Initiation (coloured in orange) in the
DSRM process model [21]. (Color figure online)

Identification & Motivation, we have already described the importance of highly
interactive environments, and the role of GUI consistency in that matter. The
Objective of a Solution, the second step of the process, is to develop a set of design
guidelines that helps developers to create consistent applications to improve UX.
The third step Design € Development is the description of our guidelines for
GUI consistency (see Sect.4). Demonstration and Evaluation are described in
our case study (see Sect.5). This is the first iteration of the process. Subsequent
iterations will begin in the Design & Development stage, in order to improve
said guidelines.

4 Consistency Guidelines

With the review of various works in the state of the art, and taking into account
the challenges discovered and common characteristics of each one, we present
our five design guidelines to maintain consistency in multi-device systems:

— Honesty: Interaction widgets have to do what they say and behave expect-
edly. An honest GUI has the purpose of reinforcing the user’s decision to use
the system. When the widgets are confusing, misleading, or even suspicious,
users’ confidence will begin to wane.

— Functional Cores: These are indivisible sets of widgets. The elements that
constitute a Functional Core form a semantic field, out of their field they lose
meaning. The granularity level of interaction for a Functional Core depends
on the utility of a particular set of widgets.

— Multimodality: Capability of multi-device systems to use different means of
interaction whenever the execution context changes. In general, it is desirable
that regardless of the input and output modalities, the user can achieve the
same result.



214 L. M. Sanchez-Adame et al.

— Usability Limitations: When multimodality scenarios exist, it is possible
that situations of limited usability could be reached. When the interaction
environment changes and its context is transformed, the environment can
restrict the user’s interaction with the system.

— Traceability: Denotes the situation in which users can observe and, in some
cases, modify the evolution of the GUI over time.

5 Case Study: DistroPaint

In order to demonstrate the proposed consistency guidelines (see Sect. 4), we devel-
oped DistroPaint, a prototype application that integrates them. We decide to cre-
ate a basic graphics editor, which provides several tools that can be distributed on
several devices (PC, phone, and tablet). This section describes our proof of con-
cept (see Sect. 5.1) and the expert analysis carried out (see Sect. 5.2) based on the
works by Andrade et al. [25], Grice et al. [26], and Schmettow et al. [27].

5.1 DistroPaint

DistroPaint is a Web application for basic graphic design. The user can access
the application from a PC, a phone, and a tablet. They can distribute the GUI
from the PC to the mobile devices, e.g., the colour pallet can be displayed on
the phone, while the drawing tools are being shown on the tablet (see Fig.2).
The user can configure the GUI at any moment. Below we list how our design
guidelines are reflected in the implementation of DistroPaint:

a) e v) DistroPaint - Ul Distribution
Tools:

70O
® /0O

Stroke thickness: 11

iPhone iPad

Fig. 2. Predominant GUIs of DistroPaint on a PC web browser: (a) GUI of the graph-
ical editor, and (b) the distribution menu for the widgets
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b) )

Fig. 3. Presence system: (a) a grey box means that the device is unreachable; (b) an
orange box indicates that the device is connected but it can not receive widgets; and (c)
a green box expresses that the device is ready to receive widgets (Color figure online)

— Honesty: The part where DistroPaint’s honesty stands out most is its pres-
ence system (see Fig.3), since it informs the user about the availability of
their devices. The Honesty at this point is critical, because it allows the user
to make decisions (to distribute, or not) according to the state of their inter-
active environment.

— Functional Cores: The main way of interaction in our application is the
toolbox (see Fig. 4), so we choose it as the main element for the DUI. The deci-
sion of how to divide the elements could seem trivial, e.g., each tool (brush,
eraser, line, etc.) could be distributed individually among several devices,
however, this could be a risky option, since it would bring very few benefits
to the cost of generating confusion and increasing the system requirements.
So we decide that the tools and the slider for the stroke thickness should
form a semantic field. In the same way, another field would be occupied by
the colour palette, thus, we have two Functional Cores as result.

— Multimodality: The element for the change of context that has more reper-
cussion in our application is the change of platform. No matter whether a user
uses one element of the toolbox from the PC (by clicking with a mouse) or
from a mobile device (by touching with a finger), DistroPaint has to respond
seamlessly (see Fig.5).

— Usability Limitations: We create a synthetic limitation in our prototype
(see Fig. 6). We decide that both of our Functional Cores have to be available
for both the phone and the tablet, but only the tablet can display both at
the same time. Although this can also be achievable for the phone, we want
to demonstrate that despite the capabilities of the devices (in this case, the
difference in screen sizes), it is desirable to offer alternatives, so users can
accomplish theirs tasks in one way or another.

— Traceability: Besides the already explained presence system, DistroPaint
also gives feedback to the users about where the widgets are being distributed
and also maintains synchronised all the values for all the widgets from the
toolbox, no matter from where or when the user changes such values (see
Fig. 7).

5.2 Evaluation and Results

The evaluation has been worked out with the help of five UX experts. We chose
the experts for their experience applying usability tests, and because they are



216 L. M. Sanchez-Adame et al.

DistroPaint

a) Tools: _>
/7 OO

® O

Stroke thickness: 5

b
)

Dult

Fig. 4. Functional Cores division for the toolbox: (a) tools core, (b) colours core, and
their respective mobile formats (a’) and (b’)

familiar with the topics of our research. All the experts are university professors
and have postgraduate studies; two of them belong to our university. Their
experience comes from both work in industry and research centres. It should be
noted that none is related to this work in addition to their participation in the
evaluation.

Before starting the evaluation, we gathered and explained to the experts each
of our design guidelines, their purpose, and discussed some examples so that
everyone had a similar starting point. Each expert drafted a list of problems and
violations of the guidelines that we propose. Once the evaluators have identified
potential consistency problems, the individual lists have been consolidated into
a single master list. The master list was then given back to the evaluators who
independently have assessed the severity of each violation. The ratings from the
individual evaluators are then averaged, and we present the results in Table 1. For
the rating, we adapted the severity classification proposed by Zhang et al. [28]:

0 - Not a consistency problem at all.
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a) b)

DistroPaint

£ C 0

Eraser

Tools:

Stroke thickness: 5 Li
ine

Rectangle

Stroke thickness:

5%

Fig. 5. DistroPaint allows interaction through: (a) a mouse, and (b) with a finger; with
both modalities the user can obtain the same result

Fig. 6. Functional Cores can be seen: (a) one at a time on the phone; (b) both of them
at the same time on the tablet. The reason to do this is that the tablet has a bigger
screen, thus, it can display more widgets

1 - Cosmetic problem only. No need to be fixed unless extra time is
available.

2 - Minor consistency problem. Fixing this, should be given a low priority.
3 - Major consistency problem. Important to fix, should be given a high
priority.

4 - Consistency catastrophe. Imperative to fix this before the product can
be released.

Evaluators found a total of 23 usability problems using our guidelines (a
mean of 4.6 problems per evaluator). The severity rating of problems had an
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b)

iPhone

&

Fig. 7. (a) As part of the presence system, the user knows where the widgets are. When
the user makes a change in a widget, the system automatically reflects such a change
in all the GUISs, e.g., tool, stroke thickness, and colour are synchronised between: (b)
the PC and (c) the tablet

|:| Honesty

|:| Usability
- Traceability
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Fig. 8. Guidelines violations in DistroPaint
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average of 2.42. For the master list, a total of 10 problems were evaluated and
guidelines were violated 18 times (see Fig. 8). Honesty and Traceability were the
two most frequently violated guidelines, 6 and 4 times, respectively. In contrast,
the guideline with less detected problems was Functional Cores with 2 violations.

Catastrophe

Major

Minor

Cosmetic

Not

Fig. 9. Severity rating of consistency problems found in DistroPaint

With respect to the severity of the problems detected, we can see in Fig.9
that severity level 3 - “Major consistency problem” was the most frequent with
36%, closely followed by severity level 2 - “Minor consistency problem” with 24%
of occurrence. On the contrary, we can notice that the lowest classification 0 -
“Not a consistency problem at all” got 8%.

In general, we can say that DistroPaint has many aspects in which to improve
because several problems with severe qualifications were identified. Nevertheless,
the evaluation was fruitful, as various problems could be discussed, as well as
scenarios that, if neglected, could cause conflicts in the future. So our guidelines
were advantageous in identifying particular conflicts in this specific case.

That Honesty was the guideline with the highest number of violations is an
exciting aspect. Perhaps improving those weaknesses of design, the violation of
the other guidelines disappears, or its qualification is reduced because Honesty
brings with it a better workflow and a more solid GUI.

The experts concurred that the design guidelines could be a useful tool to
detect consistency problems. However, they also acknowledged that in order to
be more effective, they have to be refined and detailed.
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Table 1. Consistency problems and its rating in DistroPaint

Place Problem Guidelines® | Severity
Tools On the PC, the buttons of the drawing | F 3.8
tools contain icons, while in the mobile
widget they are texts

The buttons on the mobile widget for the | F, M 3.6
drawing tools are too small when viewed
on the phone

If the user reloads the main page of H, T 2.2
DistroPaint or the distribution menu, all
changes and configurations will be lost
without previous warning

There is no feedback on the actual H, T 14
selected drawing tool among the devices
The buttons of the toolbox, in the main | M, U 3.2

page of DistroPaint, are too small on the
phone; also, the toolbox is too big,
reducing the space available for the
canvas

Loading screen | Without previous explanation, the H 1.2
loading screen might confuse some users

Distribution The distribution menu is only accessible |H, M, U 2.2
through the PC

Without previous explanation, the H, T 2.4
colours of the presence system might be

unintelligible

Without previous explanation, the user |H, U 3

has no way to know why the widget
“Both” cannot be distributed into the
phone

If a user closes the tab in a mobile device | T 1.2
while this has a widget designated, such
designation is not lost, but the user does
not have a clear feedback of this

* Honesty (H), Functional Cores (F), Multimodality (M), Usability Limitations (U),
Traceability (T).

6 Conclusions and Future Work

The main contribution of this paper is a series of consistency guidelines for
the design of multi-device applications. This kind of applications represent the
challenge of configuring the available resources and their role in the environ-
ment. When the users control the application, it allows them to explore their
environment, identify the tasks and services compatible with it, and combine
independent resources in a significant manner, in order to perform tasks and
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interact with services. Consistency is the element that maintains the users in a
stable base since it is the key to assist GUI distribution. Besides, it is an essential
factor in maintaining a positive UX.

We chose this type of evaluation to be able to explore our proposal in a deep
way. We knew that by working with experts in the area, we could get feedback on
our work, benefit from their experience, and directly observe how other people
use our design guidelines.

While it is true that an expert evaluation can give good results, it is not
exempt from problems. For example, we recognise that we have few points of
view since we only have the participation of five experts, which can lead to
misleading results. However, we considered that this was the best way to carry
out an exploratory study, since with a small group we can have more in-depth
discussions and work for a longer time. In this sense, the results seem promising,
because we realised how the experts interpreted the guidelines. In general, our
expectations were fulfilled, but we also know that we have to refine and be more
specific so that each guideline is not too ambiguous.

It is also possible that expert evaluators can identify many consistency prob-
lems in multi-device applications without relying on our guidelines. However,
using them provides evaluators with a structure that helps them take into
account each major design dimension in turn, and to prevent them from becom-
ing distracted by other design aspects, which could cause them to miss essential
consistency problems.

As the nature of the guidelines is empirical, to prove their validity it is nec-
essary to perform experiments, such as heuristic evaluations and UX tests with
end-users.

The biggest challenge for future work involves improving DistroPaint; thus
we could perform tests with end users. We plan to create an alternative version
of DistroPaint that does not follow our design guidelines, so we would have two
versions that users can use, compare and evaluate. In this way, we could see
the effect of our design guidelines directly. In this way, we could compare the
number of problems found in each case. Also, we have the intention of enriching
our work through revisions of GUT design patterns [29]. Finally, we expect that
our consistency guidelines to continue evolving in the future as we gain more
experience and insights from using them to evaluate other applications, such as
those found in the Internet of Things domain.
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Abstract. Despite the emergence of many gameful design methodologies in the
literature, there is a lack of methods to evaluate the resulting designs. Gameful
design techniques aim to increase the user’s motivation to interact with a
software, but there are presently no accepted guidelines on how to find out if this
goal was achieved during the design phase of a project. This paper presents the
Gameful Design Heuristics, a novel set of guidelines that facilitate a heuristic
evaluation of gameful software, with a focus on the software’s potential to afford
intrinsic and extrinsic motivation for the user. First, we reviewed several
gameful design methods to identify the most frequently employed dimensions of
motivational affordances. Then, we devised a set of 28 gamification heuristics
that can be used to rapidly evaluate a gameful system. Finally, we conducted a
summative empirical evaluation study with five user experience professionals,
which demonstrated that our heuristics can help the evaluators find more
motivational issues in interactive systems than they would without the heuris-
tics. The suggested method fulfills the need for evaluation tools specific to
gameful design, which could help evaluators assess the potential user experience
of a gameful application in the early phases of a project.

Keywords: Gameful design heuristics - Heuristic evaluation *
User experience - Gamification - Gameful design

1 Introduction

Many gameful design methods have recently emerged as part of the user experience
(UX) design toolkit. They aim to augment and improve the UX of interactive systems
with gamification—defined as using game design elements in non-game contexts [1].
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Even though these tools have been increasingly adopted during the design phase of
software projects, designers still lack standard evaluation methods. There are no
guidelines for experts (i.e., people with background knowledge in UX) to evaluate a
gameful implementation early on in a project.

For usability evaluation, two standard approaches exist. First, the gold standard is a
usability test. UX researchers can either run a formative usability test (where they
usually sit close to the participant and observe their behaviour) or a summative one
(where they are often present locally or virtually, but the participant is working through
an assigned task or scenario while some outcome measures are recorded). However, the
second type (the heuristic evaluation or usability inspection) is cheaper and easier to set
up—and can be conducted before planning an expensive usability test. Heuristic
evaluation or usability inspections allow experts to evaluate a design based on a set of
principles or guidelines (i.e., heuristics). These are fast and inexpensive methods that
can be used to identify and address design issues.

These expert guidelines date back to the early days of software design (e.g., Smith
and Mosier [2]) and have over the past decades improved how we develop software and
interactive applications. In the established areas of UX, heuristic evaluation or
inspection methods [3, 4] are commonly used as evaluation tools during the project
design and implementation phases. These are not meant to replace user testing, but
rather complement the set of evaluation tools. While it has become more common to
conduct user tests with gamified applications (just as games user researchers have done
in the video game industry), the domain is still lacking robust methodologies for
evaluating gameful designs.

The benefit of using a gamification inspection method is that it allows rapid and
early evaluation of a gameful design. While several studies have investigated the
effectiveness of gameful applications by studying their users [5], user tests are con-
ducted after a prototype has already been implemented. Although concerns have been
voiced that heuristic evaluation can be influenced by subjective interpretations [6], it
remains a valuable tool for practitioners, who operate under tighter time constraints
than researchers. Heuristic evaluation affords researchers a finer focus in the user tests
that are usually done subsequently to this initial validation, since the most basic issues
will have already been discovered at that point.

While UX tests focus on identifying issues related to usability, ergonomics, cog-
nitive load, and affective experiences, gamification is concerned with understanding
and fostering the user’s motivation to use a product, system, or service. Thus, gami-
fication methods rely on motivational psychology research, such as self-determination
theory (SDT) [7-10], to understand human motivation. Our heuristics were informed
by this theoretical framework.

Several gameful design frameworks and methods have been suggested [11, 12] with
prescriptive guidelines for augmenting an application with motivational affordances (note
that we refer to gamification and gameful design interchangeably because both frame the
same set of phenomena from different points of view [1]). Motivational affordances are
properties added to an object, which allow its users to experience the satisfaction of their
psychological needs [13, 14]. In gameful design, motivational affordances are used to
facilitate intrinsic and extrinsic motivation. Thus, motivational affordances supporting a
user’s feelings of competence, autonomy, and relatedness can facilitate intrinsic moti-
vation, whereas external incentives or rewards facilitate extrinsic motivation.
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Our work contributes to the human-computer interaction (HCI) and gamification
communities by presenting a new set of guidelines for heuristic evaluation of gameful
design in interactive systems. We began our research by reviewing several gameful
design frameworks and methods to identify which dimensions of motivational affor-
dances were common among them. Next, we created a set of heuristics focused on each
of the identified dimensions. The resulting set of heuristics provides a new way of
evaluating gameful user experiences. It is the first inspection tool focused specifically
on evaluating gameful design through the lens of intrinsic and extrinsic motivational
affordances. The aim of our inspection tool is to enable any UX expert to conduct a
heuristic evaluation of a gameful application more easily, even if they have no back-
ground expertise in gameful design or motivational psychology.

To evaluate the proposed heuristics, we conducted a study with five UX or HCI
professionals who evaluated two online gameful applications. Three participants used
our gameful design heuristics, while the remaining two used a two-page description of
gamification and motivational affordances. Results showed that usage of our heuristics
led to more motivational issues being identified in the evaluated applications, as well as
a broader range of identified issues, comprising a larger number of different dimensions.

2 Related Work and Model Development

2.1 Heuristic Evaluation for Games

In usability engineering, heuristics are broad usability guidelines that have been used to
design and evaluate interactive systems [15]. Heuristic evaluation is the use of these
principles by experts in a usability inspection process to identify usability problems in an
existing design as part of an iterative design process [3, 4]. These inspections are usually
done early in the design process to identify application errors before scheduling user tests.

Several authors have suggested heuristic evaluation models for games. These
models vary both in their goals and in the dimensions they address: while some are
more general, aimed at evaluating any game genre or type, others are more focused for
example on networked or mobile games. Some of the most relevant heuristic evaluation
models for game design are shown in Table 1.

Some heuristics for evaluating games or playability may also be applied to gameful
applications. Some of the dimensions addressed by most game design heuristics are of
relevance to gameful design, such as goals, challenge, feedback, and social interaction.
However, heuristics for games include several dimensions that are not applicable to
most gameful applications, such as control and concentration.

Additionally, some of the game heuristics cover issues that can be addressed in
gameful applications using general UX principles, such as screen layout or navigation.
These heuristics might be necessary when evaluating games because game design often
uses its own user interface principles, which can be different from traditional appli-
cation interfaces. However, most gameful applications follow current design standards
for user interfaces; thus, general UX evaluation methods can be easily applied to
gameful applications to address issues such as usability or ergonomics.
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Table 1. Existing heuristic evaluation models for games.

Model

Description

Heuristic Evaluation for
Playability (HEP) [31]

Games Usability Heuristics
(PLAY) [32]

Game Approachability
Principles (GAP) [33]
Playability Heuristics for
Mobile Games [34]
Networked Game Heuristics
(NGH) [35]

Heuristics for Social Games
[36]

GameFlow [37, 38]

A set of heuristics for playability comprising four
categories: gameplay, game story, game mechanics, and
game usability

A set of 48 principles aimed at evaluating action-adventure,
RTS, and FPS games. The heuristics are organized
according to three categories: gameplay,
coolness/entertainment/humor/emotional immersion, and
usability & game mechanics

A set of guidelines to create better tutorials or experiences
for new players

A set of heuristics for mobile games comprising three
categories: game usability, mobility, and gameplay

A set of heuristics that consider specific issues related to
group play over a network

A set of heuristics created from a critical review of prior
video game evaluation heuristics

A comprehensive heuristic set designed as a tool to evaluate

player enjoyment in eight dimensions: concentration,
challenge, player skills, control, clear goals, feedback,
immersion, and social interaction

Game design heuristics do not cover the full range of common motivational
affordances used in gamification. For example, meaning, rewards, and scarcity are
dimensions of motivational affordances often used in gameful design that are not
covered by existing game heuristics. This makes it difficult to use game design
heuristics to evaluate gameful applications. In order to do so, an evaluator would have
to decide first which dimensions from the game heuristics should be used and which
should not; next, they would also have to be concerned with motivational issues that
are not currently covered by game heuristics. Consequently, we conclude that we need
an inspection method better suited to assess gameful applications.

Before creating our set of gameful design heuristics, we reviewed the abovemen-
tioned game heuristics and considered the possibility of extending the existing models
rather than proposing a new one. However, we encountered the same issues mentioned
above: we would have to separate which heuristics from the existing models are
applicable to gameful design and which are not. The resulting model would be con-
fusing and difficult to apply. Therefore, we decided to create a new set of gameful
design heuristics by analyzing existing gameful design methods rather than analyzing
and extending existing game design heuristics.
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2.2 Heuristic Evaluation for Playful Design

The Playful Experiences (PLEX)