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Abstract
Coffeepot for Masochists
A Study in User-Centered System Design
This master thesis is carried out in the field of “Human-Computer interaction”, more specifically the area “User-centered system design”. The focus has been on “usability” and useful
graphical user interfaces. Current theories and definitions in the field have been considered.
Literature studies contain well known authors and organisations in domains mentioned above;
Jakob Nielsen, Donald A Norman and International Organization for Standardization ISO to
mention some.
Another source for this work from which the theories and way of working have been used is the
book “User-Centered System Design” written by Jan Gulliksen and Bengt Göransson.
The work started with a literature study followed by looking at methods to use. The next step
was to do task and user analysis which followed by the development phase. The user has been
given a central role in this project and, just as recommended, also been involved through the
whole cycle. A useful method to get feedback from users, in addition to interviews and workshops, has been the “Heuristic Evaluation”.
The final result and conclusion shows that the user-centered system design is a powerful tool to
adapt when designing and developing interactive user interface.

Key words: Human-Computer Interaction, HCI, Usability, Graphical User Interface, GUI, User
Friendly Interface, User-Centered System Design, UCSD

Sammanfattning
Kaffepanna för Masochister
En studie i Användarcentrerad Systemdesign
Detta examensarbete har utförts inom området för ”Människa-Datorinteraktion” mer specifikt
”Användarcentrerad Systemdesign”. Fokus har varit på ”användbarhet” och användbart grafiskt
användargränssnitt. Aktuella teorier och definitioner har iakttagits. Litteraturstudien har
omfattat välkända författare och organisationer i ovannämnda domäner; Jakob Nielsen, Donald
A Norman och Internationella standardiseringsorganisationen ISO för att nämna några.
En annan källa vars teorier och arbetssätt har tillämpats i detta arbete är boken
”Användarcentrerad Systemdesign” av författarna Jan Gulliksen och Bengt Göransson.
Arbetet började med en litteraturstudie följd av val av lämplig metod. Nästa steg innebar att
utföra uppgifts- och användaranalyser och därefter var det dags för utvecklingsfasen.
Användaren har haft en central roll i detta projekt och har, precis som rekommenderat,
involverats i samtliga moment. En lämplig och nyttig metod för att få återkoppling från
användarna, förutom intervjuer och workshop, har varit ”Heuristisk Utvärdering”.
Det slutliga resultatet och slutsatsen visar att användarcentrerad systemdesign är ett kraftfullt
verktyg att nyttja när det kommer till design och utveckling av interaktivt användargränssnitt.

Nyckelord: Människa-Datorinteraktion, MDI, Användbarhet, Grafiskt Användargränssnitt,
Användarvänligt Gränssnitt, Användarcentrerad Systemdesign, ACSD
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Glossary and abbreviations
ACM Association for Computing Machinery
CMS Content Management System
CSS Cascading Style Sheets
FOT Field Operational Test
GUI Graphical User Interface
HCI Human-Computer Interaction
HTML Hyper Text Markup Language
ICT Information and Communication Technology
IDE Integrated Development Environment
IE 9 Windows Internet Explorer Version 9
ISO International Organization for Standardization
SAFER Vehicle and Traffic Safety Center at Chalmers
SeMiFOT Sweden-Michigan Naturalistic Field Operational Test
SIG Special Interest Groups
SIGCHI Special Interest Groups for Human-Computer Interaction
UCSD User-Centered System Design
UI User Interface
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Chapter 1: Introduction

1 Introduction
Introduc
This
his is a master thesis in the field Human
Human-Computer Interaction (HCI) at The Royal Institute of
Technology (KTH) in Stockholm. The thesis was commissioned by SAFER – Vehicle and Tra
Traffic Safety Center, located in Gothenburg. The whole project was practically performed at
SAFER where the SeMiFOT database is available
a
and used daily by researchers and analysts.

Figure 1:: SAFER in Gothenburg – Lindholmen Science Park
(SAFER, 2010)

1.1 Background
FOT-Net
Net is a support action co-funded
co
by the European Commission to network FOT activities
at European, national and international level. According to FOT-Net (2011) Field Operational
Tests (FOT) are large-scale
scale testing programs
programs aiming at a comprehensive assessment of the eff
efficiency, quality, robustness and acceptance of ICT solutions used for smarter, safer and cleaner
and more comfortable transport solutions, such as navigation and traffic information, advanced
driver assistance - and cooperative systems.
“SeMiFOT
SeMiFOT is a naturalistic method which involves collecting da
data
ta continuously from a suite of
vehicle sensors in order to assess safety in the interactions of driver, vehicle and environment.
Environment sensing and video are essential for identifying near-collisions
near collisions and other incidents,
and for validating those intelligent
lligent vehicle systems (e.g. collision warning, lane departure war
warning and intelligent speed adaptation) perform as expected.”
expected. (Othman, 2010)

Figure 2: SeMiFOT - data acquisition-data storage-data analysis
(Victor, 2010)
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“SeMiFOT
SeMiFOT focuses on the tools in the methodology chain (data acquisition-data
acquisition data storage
storage-data
analysis) needed to perform a Naturalistic FOT. These tools will be evaluated on a number of
selected in-vehicle
vehicle and cooperative systems.”
systems. (Victor, 2010)
The SeMiFOT database contains a large amount of data which is highly valuable within traffic
safety related research. The volume of the project and all surrounding information and doc
documentation makes it desirable and necessary to put all those information together. At the same
time organizing this information makes it easier and more convenient to make benefit of it.
Today there is for certain lots of information about SeMiFOT on the
internet, among others on both FOT-Nets and SAFERs webpage.. The
major partt of this information is though minded to the public space
such as media, car and traffic industry, relevant authorities and other
research platforms who might be interested of it. Hence there is an
obvious need for a tool which can support the SeMiFOT use
users
rs in their
daily usage of the database. This support today is given by experiexperienced SeMiFOT users.
Developing a graphical interface where all information and documentations are available and
presented in a scientifically and user friendly way can be a beginning
ginning for similar works on other
places where the focus is on other fields rather than human-computer
human computer interface and user support.

1.2 Task
The thesis work is expected to focus on evaluating different methods of creating a reliable user
userinterface application to assist users of SeMiFOT, then developing a powerful method to comco
plete the SeMiFOT with a tool to help new users in improving their ability in using the datadat
base.
Designing and developing such a tutorial amounts to work in both design and develop
development
phase. The SeMiFOT Tutorial should be based on the information available in the database,
documents and knowledge of existing experienced SeMiFOT users.

Figure 3:: Existing documents and data inside the database
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1.3 Delimitation
The main focus of this work is to decide an adequate method for designing and creating a user
friendly graphical interface to the SeMiFOT database users.. The graphical interface should ini
clude essential information about the SeMiFOT project as well as the SeMiFOT database. It is
intended that the new user of the SeMiFOT database can secure a brief information and know
knowledge by using the tutorial.

Figure 4: Significant limitations in this work

This master thesis is limited by the time frame of 24 weeks. The author carries out all the work
by himself. That makes it necessary to come up with a specific and detailed limitation. Hence
Hence,
this work does not cover
over any of the following:
following




Designing
ing an interactive platform from which the user
can communicate with the database
datab
The tutorial is placed on the intranet and cannot be
reached from the internet.
The main and only language for the tutorial is English.

The book “user-centered system design” (Gulliksen
(
& Göransson, 2002) has been used as a
main reference for this study. This means that the content of the book,
k, the theories
theories, methods and
samples which are introduced there, have been researched in detail.

1.4 Tools
Choosing proper tools is essential for software engineering. Each part of the work demands its
own tools to be performed in the best way. It could be everything from post-it
post it notes
notes, colored
pencils, ruler to word processor programs, integrated development environment (IDE) and finally graphic editor software.
In this project almost all of the tools mentioned above have been utilized. The traditional wri
writing and sketching tools as pencil and paper have
have been used in designing and prototyping phases.
HTML-Kit version
ersion 1.0 (Build 292)
292 has been employed as IDE considering its suitability for web
programming and its user friendly interface. To create the simple icons and the logos used in the
SeMiFOT Tutorial the project has made use of Microsoft Office Package and the simple image
editor
tor software Paint in Windows 7.
Finally for testing design and functionality of the SeMiFOT Tutorial, Internet Explorer 9 (IE 9)
has been deployed. Any other internet browser who supports CSS3 can be used for this aim.
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Since the great part of data processing and data analysis in SeMiFOT database is carried on in
Matlab it has appeared natural
naturally to use both Matlab and My SQL during the data acquisition
phase.

Figure 5: Some tools used in this project

1.5 Workflow
This work was started by discussing the projects outline with the supervisor in SAFER. This
made it clear from the beginning how comprehensive the work would be and which features
there would be included in the project.
After that it was time for the
he subsequent pre-study, this time in consultation with the supervisor
at KTH. This was first of all to find out the similar previous studies within this field. Another
important purpose was to get a deeper understanding in the Human-Computer
Computer Int
Interaction area
and the existing theories behind it.
In the figure 6 the workflow is shown simplified. As one can see the work contains 3 main
phases:: the beginning, the middle and the final phase.
The beginning and the final phases
phase are exactly as it sounds the initialling and the finalizing
stages. The middle phase which is the largest one and can be called the development phase
comprises 3 main key areas namely:
1. Design
2. Implementation
3. Evaluation

Figure 6: The general working process

As it appears from the figure 6 these 3 areas influence each other. In other words the develo
development phase is iterative. This is to involve users of the SeMiFOT Tutorial in its development
which is a very
ery consequential part of user-centered
user
system design.
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2 Theory
The theoretical background of this work can be divided into
in some different categories. The main
theme of the Reliable User Interface to SeMiFOT project is the Human-Computer
Computer Interaction
Design (HCI) with focus on User-Centered
User Centered System Design (UCSD). Further the theories about
usability, which is closely related to both HCI and UCSD,
UCSD have been studied and employed
minutely. As well theories and way of works within Software Development have been applied.

2.1 Human-Computer
Computer Interaction
In an article about human-computer
computer interaction on the interaction-design.org John M. Carroll,
who is a researcher and has written several books dealing with Human-computer
computer interaction,
interaction
claims that HCI is an area of research and practice that emerged in the early 1980s, initially as a
specialty area in computer science. He continues in the same article:
art
“HCI
HCI has expanded rapidly
and steadily for three decades, attracting professionals from many other disciplines and incorpoincorp
rating diverse concepts and approaches.”
approaches. (Caroll, 2009).
After reading these
se lines of Carroll, the questions that naturally show up are:: what is HCI all
about? Which areas of computer science does it cover? And how does it help us to improve our
daily usage of computers?
Trying to answer these questions could begin by giving some examples of interaction design in
daily life. Dan Saffer the author of the book Designing for Interaction has a concise way to get
there: “every
every moment of every day, millions of people send e-mail,
e mail, talk on mobile phones, iinstant message each other, record TV shows on digital video
video recorders (DVRs), and listen to
music on MP3 players. All of these things are made possible by good engineering. But its interaction design that makes them usable, useful, and fun. An interaction, grossly speaking, is a
transaction between two entities, typically an exchange of information, but it can also be an
exchange of goods or services.”
services. (Saffer, 2010)

Figure 7: Human-Computer Interaction everywhere

He gets even more precise and gives a couple of examples on good and bad interaction design.
He means that every time we buy something online without any great effort it indicates the good
interaction design behind that. The reverse namely bad interaction design is when we sstruggle to
synchronize our mobile phone to our computer. (Saffer, 2010)
Although we experience examples of good and bad interaction design every day, interaction
design as a discipline is tricky to define. In part, this is the result of its interdisciplinary
interdisciplinary roots: in
industrial and communication design, human factors, and human-computer
human computer interaction. It’s also
because a lot of interaction design is invisible, functioning behind the scenes (Saffer, 2010)
2010). In
the next section
ction a couple of definitions about the HCI are presented and been nearly studied and
discussed.
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2.1.1 HCI - Definition
As it can be derived from the definition and the name, HCI simplified involves the study of how
computers and people or more correctly users of computers interact. It should be clarified that
by computer not only means personal computers (PC) but also other electrical machines which
are constructed for a certain purpose.
One of the Associations for Computing Machinery's (ACM) Special Interest Groups (SIG) is
the Special Interest Group on Computer–Human Interaction (SIGCHI). SIGCHI is the world’s
leading organization in human-computer interaction. They have a curriculum development
group who define the HCI as below:
“Human-Computer Interaction is a discipline concerned with the design, evaluation and implementation of interactive computing systems
for human use and with the study of major phenomena surrounding
them.” (ACM SIGCHI Curriculum Development Group, 2007)
Another online platform in the area of HCI, named HCI Review, mentions another definition of
HCI which is parallel to the one above but is presented with different words and might give the
reader a better perspective:
“A more precise definition is the study of human and computer interaction so as to improve user experience and meet user needs. It is often lumped together with computer science, but it is very much also a
combination of design, cognitive science, psychology and engineering." (HCI Review, 2011)
The HCI as it was said before is a wide and rather open-ended area. This property has resulted
in different interpretations and consequently various definitions of it. To take an even more
inspiring description it is convenient to see what Foraker Labs -an enterprise whose vision is to
build a new Internet for the clients and their customers by replacing clutter and confusion with
beauty and clarity- has to say about HCI (Foraker Labs, 2011):
“A diverse scientific and applied field where the focus is on how people use computers and how computers can be designed to help people
use them more effectively. Example HCI topics include: design tools,
design methods, human information processing, collaborative work,
information architecture, interaction techniques, and interaction devices.” (Usability First, 2011)

2.1.2 HCI - A multidisciplinary field
As it was mentioned in section 2.1 HCI involves various areas of science. As it is stated by
(Usability First, 2011) the subject is studied from a wide variety of perspectives from many
diverse areas, including (among others): computer science, psychology, ergonomics, information sciences, graphic design, and sociology.
This declaration and the one from SIGCHI, which is presented below, are blended together and
illustrated in Figure 8.
John Carroll (Carroll, 2003) as well names this in his writings and reminds us about the HCI lies
at the intersection between the social and behavioural sciences on the one hand and computer
and information technology on the other.

6
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Figure 8:: Example of sciences which have an effect on HCI
(Gulliksen & Göransson, 2002)

But a more detailed and appropriate description, which confirms Figure 8, is given by (ACM
SIGCHI Curriculum Development Group, 2007).
2007). In their documentation about HCI they write:
“Because human-computer
computer interaction studies a human and a machine in communication, it
draws from supporting knowledge on both the machine and the human side. On the machine
side, techniques in computer graphics, operating systems, programming languages, and deve
development environments are relevant. On the human side, communication theory, graphic and ini
dustrial design disciplines, linguistics, social sciences, cognitive psychology, and human pe
performance are relevant. And, of course, engineering and
and design methods are relevant.
relevant.”
Dan Saffer finds that there are three ways looking at interaction design: a technology
technology-centered
view, a behaviourist view and the social interaction design
d
view (Saffer, 2010).
Talking about the first view of interaction design he claims that interaction designers make
technology, particularly digital technology, useful, usable, and pleasurable to use. This is why
the rise of software and the Internet was also the rise of the field of interaction design. Intera
Interaction designers take the raw stuff produced by engineers and programmers and form it into products that people enjoy using (Saffer, 2010).
2010)
Having said that, in the next section usability and different aspects of it are going to be di
discussed and treated essentially. The focus, however, will be on two main definitions which are
widely established in the field usability. The first one is the one defined by International O
Organization for Standardization and the second
second one is the famous usability icon Jakob Nielsen’s.

2.2 Usability
Donald Norman in his book (Norman, The designi of everyday things, 1988),, takes up some
examples of “everyday things” which are designed in a bad way and do not fulfil their purpose.
He names the French designer Jacques Carelman’s “coffeepot for masochists” which is a co
coffeepot whit a spout and handle on the same side as such a bad design. Norman means that the
coffeepot has all parts that a coffeepot should have but it is still useless because of the design,
unless you are a masochist and want to burn yourself every time you drink coffee.
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Figure 9: Carelman’s Coffeepot for Masochists

In his book, HCI Beyond the GUI, Philip Kortum discusses about design and usability and
means that designers should have more focus on user and his needs
need rather than on the fascina
fascinating tools and technology since the user and his needs
need are more important and valuable issues:
“Most users do not care about
ut the interface technology, they simply have a task they want to
accomplish. Too often, however, the designer is led by other goals (corporate needs, fascination
with technology, “cool” factor, etc) and the human factors of the design suffer. The bottom lline
is this: good designs do not just happen. They are the results of careful applications of numerous
design methodologies that enable you, as the designer, to understand the user, the environment
and how they interact.” (Kortum, 2008)
2
This criticism of the interface designer might be suitable for the situation shown in Figure 10
where two similar interfaces are presented.. One can imagine that both of them have more or less
same functionality and actually do the task they are aimed to.. One of the interface designs is,
however, totally unsuccessful. And it is not hard at all to see which one.

Figure 10: “Good designs do not just happen”

He continues and has a discussion about the different component of ISO’s
ISO’s definition of usability. But before
efore reproducing his thoughts and interpretations it might be better to see what Inte
International Organization for Standardization
Standardizat
(ISO) says about usability.

2.2.1 Usability – ISO’s way
International Organization for Standardization defines usability concisely and lifts up its most
important components in a few words:
words
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“Usability: The extent to which a product can be used by specified uusers to achieve specified goals with effectiveness, efficiency and satissatisfaction in a specified context of use.” (ISO 9241-11, 1998)

Figure 11: Usability by ISO

Philip Kortum refers to the definition above and claims that: ISO 9241:11 specifies that usable
usa
designs should have three important attributes. (Kortum, 2008)
He emphasizes these three attributes and gives the reader a brief explanation about them:
 “First
First they should be effective
effective means that the user can successfully
use the interface to accomplish
accom
a given goal.
 Second
d the interface should be efficient. This means that the user not
only can accomplish the goal, but can do so quickly and easily with
a minimum of errors or inconvenience.
inconve
 Finally the interface should leave the user satisfied with the experiexperience. This does not mean that the user has to be happy, but it does
mean that the user should have high confidence that the task was aaccomplished according to his intentions.”
inten
(Kortum, 2008)
Further (Kortum, 2008) gives us an example on this and continues: “For
“For example using a bank’s
automated telephone system to transfer money should be easy to do (effective), quick (efficient)
and leave users with the certainty that they really accomplished the task and that the bank has
their correct instructions (satisfaction).”
(satisfaction).

2.2.2 Usability – Jakob Nielsen’s way
Jakob Nielsen is the co-founder
founder and principal of the
the Nielsen Norman Group. He holds a Ph.D.
in human-computer
computer interaction from the Technical University
U
of Denmark and has 79 patents on
web usability. He is usually called the king of usability and the guru of the webpage
page usability to
name few. (Nielsen J. , Useit, 2009)
Nielsen has a more or less similar definition of usability as ISO and usability
ability definition shows
up in many of his writings. He takes that, or parts of it, up willingly when he is discussing the
issue. In his famous book Usability Engineering (Nielsen J. , 1993) he states
states: “Usability is
a quality attribute that assesses how easy user interfaces are to use. The word "usability" also
refers to methods for improving ease-of-use
ease
during the design process.” He continues then and
gives the reader a list as the usability’s definition which according to him
him is composed of 5
quality components:
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 “Learnability:
Learnability: How easy is it for users to accomplish basic tasks the
first time they encounter the design?
 Efficiency: Once users have learned the design, how quickly can
they perform tasks?
 Memorability: When users
users return to the design after a period of not
using it, how easily can they re-establish proficiency?
 Errors: How many errors do users make, how severe are these ere
rors, and how easily can they recover from the errors?
 Satisfaction: How pleasant is it to use
us the design?” (Nielsen J. ,
1993)

Figure 12: System Acceptability (Nielsen J. , 1993)

Nielsen believes that, rather than usability, there are other factors that are important for a sy
system. One of them is utility which is shown in the Figure 1Figure 12:: System Acceptability parallel to usability: “there are many other important quality attributes. A key one is utility, which
refers to the design's functionality: Does it do what users need? Usability and utility are equally
important: It matters little that something is easy if it's not what you want. It's also no good if
the system can hypothetically do what you want, but you can't make it happen
ha pen because the user
interface is too difficult. To study a design's utility, you can use the same user research methods
that improve usability.” (Nielsen J. , Useit)
Nielsen and Loranger in (Nielsen & Loranger, Prioritizing Web Usability, 2006) mean that doing good usability studies is easier than what we think. It’s simply a matter
matter of knowing how and
where to look. Usability works because it reveals how the world works. Once you discover how
people interact with your design, you can make it better than your competitor’s.

2.3 Graphical User Interface
The way that the user interacts
interact with the computer is called user interface, (UI).. Since UI is the
part of the system that user uses to communicate with the computer,
compute , it is a very important and
crucial part of the system. UI includes both of input and output devices. Keyboards and microphoness are two examples on input devices while screens and speakers are consider
considered as output
devices.
A graphical user interface (GUI) is a computer environment that simplifies the user's interaction
with the computer by representing programs, commands, files, and other options as visual el
elements, such as icons, pull-down
down menus, buttons, scroll bars, windows, and dialog boxes. By
selecting one of these graphical elements, through either use of a mouse or a selection from a
menu, the user can initiate different activities,
activities, such as starting a program or printing a doc
docu-
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ment. Prior to the introduction of GUI environments, most interactive user interface programs
were text oriented and required the user to learn a set of often complex commands that are
unique to a given
en program. The first GUI was developed in the 1970s by Xerox Corporation,
although GUIs did not become popular until the 1980s with the emergence of the Apple MacinMaci
tosh computer. Today, the most familiar GUI interfaces are Apple Computer's Macintosh and
Microsoft
icrosoft Corporation's Windows operating systems. (Encyclopedia of Small Business, 2007)
It’s often assumed that GUI applications are inherently more usable than text interfaces, but that
may not be true when GUI applications are not well-designed.
designed. Graphics enable more flexibility
in design and enable certain useful interaction styles, like direct manipulation. (Usability First,
2011)

Figure 13:
13 KTH-webmail and Hotmail, different GUIs
(Screen shot May 2011)

Jakob Nielsen, in his book Usability inspection methods, emphasizes a good GUIs character and
means that creating a simple, elegant and enjoyable GUI is the goal of the usability design
design: “In
other words usability
lity means making products and systems that are not only intuitive but also
easily learned and matches the user needs and requirements. The primary requirement for an
exemplary user experience is to meet the exact needs of a customer without any disturbanc
disturbance or
annoyance. The goal is to create a simple and elegant GUI which is a joy to use, an interface
that the users love.” (Nielsen J. , Usability inspection methods, 1994)

2.4 GUI Design
Jeff Johnson introduces his thick book called GUI Bloopers as follows: This book describes “bloo
“bloopers” (that is, mistakes) that software developers frequently make when designing graphical user
interfaces (also known as GUIs). The bloopers in this book do not cover all of the mistake
mistakes GUI designers could make, or even all of the mistakes I have seen. Believe me, in over two decades of
working as a user interface professional, I’ve seen some design mistakes that were simply amazing—true
true “howlers,” as some of my colleagues call them. (Johnson, 2008)

Reading this introduction and knowing that there are lots of similar books which take up the
mistakes within GUI design uncovers the actuality that developers still miss basic and fund
fundamental principles of a good and usable GUI.
Jeff Johnson (Johnson, 2008) means the operative GUI principle is “The screen belongs to the
user.” Graphical user interfaces are supposed to be based on direct manipulation of data by uusers, and that is what users expect. When software changes too much on its own initiative, users
become disoriented and annoyed. He afterward lines up what he calls first principles
principles. This is
briefly presented in Table 1:
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Table 1: GUIs first principles (Johnson, 2008)

1. Focus on the users and their tasks, not on the technology
 Understand the users
 Understand the tasks
 Consider the context in which the software will function
2. Consider function first, presentation later
 Develop a conceptual model
3. Conform to the users’ view of the task
 Strive for naturalness
 Use users’ vocabulary, not your own
 Keep program internal inside the program
 Find the correct point on the power/complexity trade-off
4. Design for the common case
 Make common results easy to achieve
 Two types of “common”: “how many users?” vs. “how often?”
 Design for core cases; don’t sweat “edge” cases
5. Don’t complicate the users’ task
 Don’t give users extra problems
 Don’t make users reason by elimination
6. Facilitate learning
 Think “outside-in” not “inside-out”
 Consistency, consistency, consistency
 Provide a low-risk environment
7. Deliver information, not just data
 Design displays carefully, get professional help
 The screen belongs to the user
 Preserve display inertia
8. Design for responsiveness
 Compliance with human time requirements
 User satisfaction
9. Try it out on users, then fix it!
 Test results can surprise even experienced designers
 Schedule time to correct problems found by tests
 Testing has two goals: informational and social
 There are tests for every time and purpose
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Donald A. Norman, as well, in his famous writing Cognitive Engineering (Norman, Cognitive
Engineering, 1986) has a list which he calls for “Prescriptions for Design Principles”. In the
beginning of the discussion he asks some questions which he tries to answer soon after:
 What is it that we need to do?
 What should we accomplish?
 What is the function of Cognitive Engineering?
He believes that the design principles originate from the two already complex fields: psychology and computer science. To success with that a good, solid technical grounding in the principles of human processing is required. Moreover it is needed to go deeper into the details of the
design. (Norman, Cognitive Engineering, 1986)
At the end of the book (Norman, Cognitive Engineering, 1986), he lists 4 essential and crucial
standpoints that he explains in a few words. This is presented in Table 2:
Table 2: Norman’s Prescriptions for Design Principles

1. Create a science of user-centered design
There should be principles that can be applied at the time of the design. Principles
that get the design to a pretty good state the first time around. This requires sufficient design principles and simulation tools for establishing the design of an interface before constructing it. There will still have to be continual iterations, testing,
and refinement of the interface.
2. Take interface design seriously as an independent and important problem
It takes at least three kinds of special knowledge to design an interface: first,
knowledge of design, of programming and of the technology; second, knowledge
of people, of the principles of mental computation, of communication, and of interaction; and third, expert knowledge of the task that is to be accomplished. Most
programmers and designers of computer systems have the first kind of knowledge,
but not the second or third. Most psychologists have the second, but not the first
or third. And the potential user is apt to have the third, but not the first or second.
3. Separate the design of the interface from the design of the system
This is the principle of modularization in design. It allows the previous point to
work. Today, in most systems, everyone has access to control of the screen or
mouse. This means that even the deepest, darkest, most technical systems programmer can send a message to the user when trouble arises. Because messages
affect the ongoing task, they have to be presented at the right time, at the right
level of specification.
Modularity also allows for change: The system can change without affecting the
interface and vice-versa. Different users may need different interfaces, even for
the same task and the same system. Evaluations of the usability of the interface
may lead to changes and this is possible if the interface is a separate, independent
module.
4. Do user-centered system design
Start with the needs of the user. From the point of view of the user, the interface is
the system. Concern for the nature of the interaction and for the user these are the
things that should force the design. Let the requirements for the interaction drive
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the design of the interface, let ideas about the interface drive the technology. The
final design is a collaborative effort among many different disciplines, trading off
the virtues and deficits of many different design approaches. But user
user-centered
design emphasizes that the purpose of the system is to serve the user, not to use a
specific technology, not to be an elegant piece of programming. The needs of the
users should dominate the design of the interface, and the needs of the interface
should dominate the design of the rest of the system.

Figure 14:: Purpose of the System (Norman, Cognitive Engineering, 1986)

2.4.1 Layout
The style of an interface, in terms of shapes, fonts, colors, balance, white space and graphical
elements that are used and the way they are combined can also influence its effectiveness. Use
of imagery at the interface can result in more engaging and enjoyable experiences. Until rer
cently, however the focus of HCI was primarily on usability, with scanned attention being paid
to the design of aesthetically pleasing interfaces. Empirical studies showing that the aesthetic of
an interface can have a positive effect on people’s perception of the system’s usability have
begun to change that,
hat, and the importance of aesthetics is gaining acceptance
acceptance within the HCI
community. When the “look and feel” of an interface is pleasing, e.g. beautiful graphics, nice
feel to the way that elements have been put together, well-designed
well designed fonts, elegant use of images
and color, a good sense of balance, users are likely to be more tolerant, e.g. they may be prepaid
to wait a few more seconds for a website to download. Furthermore, good-looking
good looking interfaces are
often more satisfying and pleasurable to use. A key concern, therefore, is to strike a balance
between designing pleasurable and usable interfaces. (Sharp, Rogers, & Preece, 2007)

Pleasurable

Look

Balance

Feel

Usable

Figure 15: “look and feel”-balance
feel”
makes layout “pleasurable and Usable”

2.4.1.1 Content organization
(Design & Usability Guidelines, 2006.) is a book with a set of guidelines which are research
based and are intended to provide best practices over a broad range of web design and digital
communications issues.
ssues. The recommendation is clear: “Designers should present information in
a structure that reflects user needs and the site’s goals. Information should be well
well-organized at
the Web site level, page level, and paragraph or list level. Good Web site and ppage design en-
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ables users to understand the nature of the site’s organizational relationships and will support
users in locating information efficiently. A clear, logical structure will reduce the chances of
users becoming bored, disinterested, or frustrated.”
frustrate
Here are some points to register and implement when doing GUI design:

1

•Organize
Organize Information Clearly
•Facilitate
Facilitate Scanning
•Ensure
Ensure that Necessary Information is Displayed

2

•Group
Group Related Elements
•Minimize
Minimize the Number of Clicks or Pages
•Design
Design Quantitative Content for Quick Understanding

3

•Display
Display Only Necessary Information
•Format
Format Information for Multiple Audiences
•Use
Use Color for Grouping

Figure 16: Content Organization

2.5 User-Centered
Centered System Design
As many other concepts in the human
human-computer interaction field there is not ann unequivocal and
common definition of User-Centered
Centered System Design (UCSD). There are, however, several ddefinitions which are more well-known.
well
Gulliksen and Göransson, in their book User
User-Centered
System Design, define UCSD as it follows:
User-centered
centered systems design is a process focusing on usability
throughout the entire development process and further throughout the
system life cycle. (Gulliksen & Göransson, 2002)
According to (Gulliksen & Göransson, 2002) the UCSD is based on the following key princ
principles: User focus, Active user involvement, Evolutionary systems development, Simple design
representation, Prototyping, Evaluate use in context, Explicit and conscious design activities, A
professional attitude,, Usability champion, Holistic design, Processes customization, A user
usercentered attitude.
The authors of User-Centered
Centered System Design (Gulliksen & Göransson, 2002) give the reader a
brief and concise explanation about one and ea
each
ch of the key principles of the UCSD
UCSD. This is
presented in Table 3: Key principles in UCSD
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Table 3: Key principles in UCSD (Gulliksen & Göransson, 2002)

User focus
The goals of the activity, the work domain or context of use, the users’ goals, tasks
and needs should early guide the development.
Active user involvement
Representative users should actively participate, early and continuously throughout
the entire development process and throughout the system lifecycle.
Evolutionary systems development
The systems development should be both iterative and incremental.
Simple design representation
The design must be represented in such ways that it can be easily understood by users and all other stakeholders.
Prototyping
Early and continuously, prototypes should be used to visualize and evaluate ideas
and design solutions in cooperation with the end users.
Evaluate use in context
Baseline usability goals and design criteria should control the development.
Explicit and conscious design activities
The development process should contain dedicated design activities.

A professional attitude
The development process should be performed by effective multidisciplinary teams.
Usability champion
Usability experts should be involved early and continuously throughout the development lifecycle.
Holistic design
All aspects that influence the future use situation should be developed in parallel.
Processes customization
The UCSD process must be specified, adapted and/or implemented locally in each
organization.
A user-centered attitude
A user-centered attitude should always be established.
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3 Method
In this chapter the method that is chosen for this work will be explained.. Focus has been on the
main subject “human-Computer
Computer Interaction” and the field “User Centered System Design”.
Even here major part of the method is based on (Gulliksen & Göransson, 2002) in which the
authors emphasize the weight of users’ involvement
involvement in the entire cycle of the project. A co
common recurring mistake is to ask users what they want and then get back to them with a completely developed product.

Figure 17: A UCSD process framework (Gulliksen & Göransson, 2002)

While it comes to pure software development model the project has followed the three
three-tier architecture model in which user interface, functional process logic and data access are developed
and maintained as independent modules,
m
(Brown, 2015).

Figure 18: Three-Tier Model
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Working with user-centered
centered system design like every other project begins with analysing of the
task. There use to be an assignor who defines the desired system in what it calls requirement
specification. But the requirement document is usually not enough for system designer or ddeveloper to capture the task completely. To get a better understanding of the task and secure that
the client and the system developer have same image of the product it is very important for the
system designer to gather information about the company and the users. Information like users
education level, background, computer skills and working environment are crucial to get understanding on why the customer needs this product and in which way and how often he or she is
going to use it. For this the assignee should begin the work planning for task and user analysis.

3.1 Task and user analysis
Task analysis, according to (Gulliksen & Göransson, 2002) is used to find out why and how
often the user performs a certain task. It is even good to know the sequences of the tasks. Some
questions here to be answered are:







Why the task is performed?
How is it performed?
How many people or systems
sys
are involved in doing that task?
Is it obvious in which part of the process the task is performed?
What is the time frame for the task?
Can the task be done in another way?

When the system designer knows necessary facts
facts about the task it is time to find out who the
users are. It is very difficult (yet impossible) to design user-centered
user centered systems without having
knowledge about the users.






Which different kinds of users are there?
Do all users have same level of access and
an authorisation?
What kind of experience
e
and education do the users have?
How about the users’ computer
c
skills? Age? Gender?
Do they use the system at office or remote?

The most common way to answer questions above are through interviewing
ing the users or ask
them to apply to surveys. Performing workshops with users and stakeholders is another method
that can be utilised to get desired information and facts. Both
oth task and user analysis could be
performed at the same workshop with stakeholders. (Shneiderman & Plaisant, 2010)

Figure 19:: Workshop; an effective way to perform task and user analysis
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3.2 Prototyping
(Beaudouin-Lafon
Lafon & Mackay, 2003) defines a prototype as a “concrete representation of part or
all of an interactive system”. A prototype according to them “is
is a tangible artifact, not an aba
stract description”. They mean in the same article that prototype can be used by among other
designers, developers and end-users
end
to “envision
nvision and reflect upon the final system
system”.
Prototyping is a way to get a quick feedback on design and saving work and money. It makes it
possible to try different designs and see if it solves the problem. One other important outcome is
that prototyping makes
kes it possible to keep a user
user-centered
centered design since the design communica
communicates
with users from the beginning and through the products life cycle. (Gulliksen & Göransson,
2002)
There are three common ways to do prototyping
pro
according to (Gulliksen & Göransson, 2002).
2002)
As it is listed in the Table 4:: Three kind of prototyping below they
hey are vertical, horizontal and
scenario-based
based prototyping. Since there are different between each and one it should be considconsi
ered from beginning which one is going to be used.
Table 4: Three kind of prototyping

Vertical Prototyping
The focus is on a certain part of the system and all functionality in that part. User
doesn’t see the whole picture of the product but the whole picture of a section or part
of the product. This is the most realistic one since it is showing the system as it will
be developed
Horizontal Prototyping
The user is shown the whole system but without any functionality or data conne
connection. Here the finalised product can be considered and the usability of the system can
be evaluated.
Scenario-based Prototyping
This one is similar to the vertical prototyping but instead of a part of the system the
focus is on how the system handles performing a specific task.

Figure 20: Vertical verses Horizontal Prototyping

Other types of prototyping are “High Fidelity” and “Low Fidelity” prototyping. They are classiclass
fied after how similar the prototype is the final product. It can be done by drawing tools or simply sketched on a piece of paper by a pencil.
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3.3 Evaluation
As it was mentioned in chapter 2.5 User-Centered System Design, user-centered design should
according to the book (Norman, Cognitive Engineering, 1986), underline that the purpose of the
system is to serve the user primarily and not to just use the technology to create some elegant
piece of programming. With this in mind it is obvious that the system designer must be interested in what stakeholders in general and end-users in particular think about the system. Does
the result satisfy them from a usability perspective? Is the interaction with the system frictionless?
(Gulliksen & Göransson, 2002) emphasizes that evaluation has a crucial role in user-centered
system design. Here the system developers have a good chance for constructive feedback from
the users. The evaluation is important from a financial point of view. The later in the development phase mistakes or misunderstandings are discovered the more expensive to adjust them.
To common methods to interact with users are survey interview. They are quite similar but interview is more flexible and should be done orally.
Below are two of the common heuristic evaluation methods:

3.3.1 Nielsen’s ten heuristics
Nielsen’s ten general principles (heuristics) to put under consideration while creating the GUI
are as follows (Nielsen J. , Usability inspection methods, 1994):

Table 5: Nielsen’s 10 heuristics

1. Visibility of system status
The system should always keep users informed about what is going on, through appropriate feedback within reasonable time.
2. Match between system and the real world
The system should speak the users' language, with words, phrases and concepts familiar to the user, rather than system-oriented terms. 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. Support undo and redo.
4. Consistency and standards
Users should not have to wonder whether different words, situations, or actions mean
the same thing. Follow platform conventions. Strive for consistency. However, consistency in itself does not ensure usability; it is a mistake to think that consistency in
the surface is equivalent with good design.
5. Error prevention
Even better than good error messages is a careful design which prevents a problem
from occurring in the first place. Either eliminate error-prone conditions or check for
them and present users with a confirmation option before they commit to the action.
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6. Recognition rather than recall
Minimize the user’s memory load by making objects, actions, and options visible.
The user should not have to remember information from one part of the dialogue to
another. Instructions for use of the system should be visible or easily retrievable
whenever appropriate.
7. Flexibility and efficiency of use
Accelerators – unseen by the novice user – may 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 which 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
Even though it is better if the system can be used without documentation, it may be
necessary to provide help and documentation. Any such information should be easy
to search, focused on the user's task, list concrete steps to be carried out, and not be
too large.

3.3.2 DeBoard’s heuristic evaluation questionnaire
(DeBoard) has a heuristic evaluation questionnaire which is divided in 5 main sections. Each
section contains between 3 to 9 questions. The user answers to each question on a scale from 1
to 5 where 1 indicates “very unsatisfied” and 5 stands for “very satisfied”. The user marks as
well the severity of each question: Low, moderate or high. The main parts and a brief explanation are listed in Table 6: DeBoard divides his evaluation in 5 main parts.
Table 6: DeBoard divides his evaluation in 5 main parts

Effective
What is the completeness and accuracy of your work? What percent of your goals
were reached successfully? How well was a task completed?
7 questions

Efficient
The speed and accuracy of your work? How quickly did you reach your goals? How
quickly was a task completed?
9 questions

Engaging
How distinct and consistent is the visual presentation, graphic images, and colors?
How clear and distinct is the design and readability of text on screen?
7 questions
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Error Tolerant
Does the help system prevent the user from making errors? Is there information on
how to recover from errors?
3 questions

Easy To Learn
Is the help system predictable? Can anyone use the help system with confidence,
given a basic skill set required to use (your software application)?
5 questions
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4 Results ad conclusions
In this chapter the results of the project will be discussed as well as the conclusions. In the last
part the author’s reflection is presented.

4.1 Task and user analysis
To analyse the task and secure that the understanding of the assignment is correct the users of
SeMiFOT have been involved from the beginning and maybe the most important phase of the
project. The author of this report has done several interviews with users
users and system responsible
to clarify the needs. The interviews have as well been crucial for charting the background of the
users when it comes to their computer skills and habits while using computer systems.
It turned out that the users in general are researchers
res
in the field of mechanical engineering and
traffic safety with a solid experience of using computers. But when it comes to age, information
search and learning ability the variation was quite big which calls for a smooth and simple sy
system that present
sent the information in a easy and user friendly way.

Figure 21: SeMiFOT Tutorial’s users at SAFER.
Similar educational but different individual background

The interaction with users has included both interviews in person but as well attending wor
workshop in which the task was discussed and dissected in detail.
detail Here stakeholders could agree on
the tutorial and what it should contain. Finally the user was asked to evaluate the system. This is
described in detail at section “4.3 Evaluation”.

Figure 22: Workshop to interact with stakeholders
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4.2 Prototyping
As it was mentioned before a common recurring mistake is to ask users what they want and then
get back to them with a completely developed product. To avoid this,
this the project has established
an interactive dialogue with users from the beginning.. The users have been involved in the
analysis phase as well
ell as design, prototyping,
proto
testing and finalizing the tutorial.
To avoid any possible misunderstanding in developing the SeMiFOT Tutorial a prototype of the
GUI was presented in an early phase
pha of the work. To present a drawn
wn version of the tutorial for
stakeholders
akeholders early is a very good way to insure that all concerned parts are agreed up on what
the product will be like. Below is the first prototype GUI which presented for stakeholders at
SAFER. They are both horizontal prototypes. The one to the right which
which is done in HTML is
however a high fidelity prototype.

Figure 23:The first prototypes presented for SAFER.
On the left drawn on paper, on the right written in HTML

After several workshops and discussions with stakeholders and users the final layout turned out
as it is shown below. It is worth to name that the study of usability and considering user
user-friendly
interfaces helped the author of this report to improve the GUI and raise satisfaction among the
users.

Figure 24: SeMiFOT Tutorial – Final Version

4.3 Evaluation
As it was mentioned earlier the project has tried to involve the user through the whole cycle. A
good and interactive relation with stakeholders was established early to use their knowledge as
well as asking them for feedback in order to secure that the project
project was ongoing on the correct
track. 8 users with different backgrounds
background and roles in the organisation were interviewed at two
different phase (beginning and middle) of the project. But the most extended evaluation was
done at the end of development phase.
phas DeBoard’s questions (see Table 6:: DeBoard divides his
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evaluation in 5 main parts at section DeBoard’s heuristic evaluation questionnaire
questionnaire) together
whit Nielsen’s ten heuristics (see Table 5: Nielsen’s 10 heuristics at section Nielsen’s
ielsen’s ten he
heuristics) have formed the heuristic evaluation for SeMiFOT Tutorial.
Since the project had users and usability in focus from beginning and because of the good relarel
tionship with the users the evaluation ended successfully with 80% of all users satisfied with
90% of the system. However there
t
are some improvement possibilities which are discussed in
next chapter; Further study.

Figure 25:: Sample of Heuristic Evaluation Questionnaire (DeBoard)

4.4 Conclusions
This master thesis is carried out in the field of “Human-Computer
“Human
interaction”, more specif
specifically the area “User-centered
centered system design” has been in focus. Existing literatures and all rer
search have been done in past 3-4
3 4 decades has been very helpful and crucial to bring off this
work. As well it has been helpful to make use of well known and well established theories in the
field. This work couldn’t be done without using more comprehensive studies since this is a
rather small work compare to what other bigger projects have achieved. And it has been very
important and essential to be able to utilize those known tools and methods that are utilized in
the field of user-centered
centered system design.
Having the result in mind and knowing that the final version was a development in the same
direction and not far from the very begi
beginning
nning prototype makes this clear that it is possible to do
good and satisfactory design, and it doesn’t need to cost a lot or be very time consuming; the
only thing you need is to involve stakeholders in the project’s whole life cycle.
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5 Further study
After performing the final evaluation and seeing users practice on the system there are some
views on the SeMiFOT Tutorial. It is small and big, good to have and have to have function or
design.
There are desires to be able to directly from the SeMiFOT Tutorial GUI interact with SeMiFOT
database, at least for some basic and simple data extraction. This is possible to do with small
effort since the Tutorial is written in HTML. One possible solution is to write PHP scripts that
interact with the database.
If the database expands and is given out more functionality it is good to think of a “content
management system – CMS” to be able to update the Tutorial faster and easier.
The tutorial is not available on the internet. This has to do with the confidential data presented
in database and as long as the data is classified as confidential it is hard to solve this. It is good
to know that the SeMiFOT database is not available on the internet and the users have to go to
the SAFER’s building to be able to log in to the database.
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