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Abstract
Despite the knowledge on the interaction between humans and computers,
too many IT systems show great deficits when it comes to usability. Every
day we run into technology that makes our every day life and our work unnecessarily complex and difficult because of the IT systems that are not designed to support our tasks in a usable way. This thesis deals with different
aspects of usability and the process of how to develop usable IT systems
effectively. Primarily, the systems concerned are used in professional work,
such as case handling systems in large government organisations.
The main objective of this research is to understand which essential factors
in the system development process that facilitate the development of usable
IT systems. Another key subject is how Human-computer interaction (HCI)
knowledge can be integrated into systems development, in particular the
integration of user-centred design (UCD) and agile software development.
The research is based on a qualitative approach and on reflections from my
own experience in development projects. It also includes exploratory studies
and design cases.
The attempts of bridging the gap between HCI and software engineering
have not been notably successful in practice. To address some of these problems, there is a need for a more precise definition of user-centred design,
which is proposed in the thesis. Also, the complicated reality of systems
development is not considered enough by HCI researchers and practitioner.
To reach better results, UCD has to be integrated as a natural part of the development process. In the thesis, I argue that the agile approach together
with UCD can be a good starting point for this integration. The agile approach emphasises that responding to change in development is more important than strictly adhering to a plan. Also, it prioritises regular deliveries of
working software over extensive models and documentation. However, from
a HCI perspective, agile processes do not inherently provide the required
support for user-centred design. Nevertheless, the basic values and specific
methods of agile development may have the potential to work very well together with UCD. For instance, iterative development is fundamental to both
user-centred design and agile development.
Finally, the research addresses how iterative methods can be used to find
design solutions that support the users to cope with the problems of overview and control in case handling work.
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Sammanfattning
Trots den samlade kunskapen om interaktionen mellan människa och dator
så uppvisar alltför många IT-system stora brister i användbarhet. Varje dag
möter vi teknik som gör vår vardag och vårt arbete onödigt svårt och komplicerat på grund av att IT-systemen inte är utformade för att stödja våra
uppgifter på ett användbart sätt. Den aktuella avhandlingen tar upp olika
aspekter på användbarhet och på själva processen att utveckla användbara
IT-system effektivt. I första hand berörs system som används i arbetslivet,
till exempel ärendehanteringssystem i stora offentliga organisationer.
Syftet med forskningen som beskrivs i avhandlingen, är att förstå vilka
grundläggande faktorer i systemutvecklingsprocessen som stödjer utvecklingen av användbara IT-system. En annan viktig fråga är hur kunskap inom
människa-datorinteraktion (MDI) kan integreras i den praktiska systemutveckling, särskilt integrationen mellan användarcentrerad design och så
kallade agila utvecklingsmetoder. Forskningsarbetet baseras på en kvalitativ
ansats och på reflektion över egna erfarenheter från utvecklingsprojekt. Den
inkluderar också utforskande studier och fallstudier.
Försöken att minska avståndet mellan MDI och systemutveckling har i praktiken inte varit särskilt framgångsrika. För att komma längre behövs bl.a. en
mer exakt definition av användarcentrerad systemutveckling (ACSU 1 ), vilket
ges i avhandlingen. Systemutveckling är dessutom en komplex aktivitet,
vilket inte alltid beaktas tillräckligt av forskare och praktiker inom MDI. För
att åstadkomma bättre resultat, bör användarcentrerad systemutveckling integreras som en naturlig del av utvecklingsprocessen. I avhandlingen argumenterar jag för att agila utvecklingsmetoder, tillsammans med ACSU, kan
vara en bra utgångspunkt för detta. Det agila förhållningssättet betonar att
hantera förändringar i utvecklingsprojekt är viktigare än att strikt följa en
plan. Dessutom prioriteras regelbundna leveranser av fungerande program
före omfattande modeller och dokumentation. Men, från ett MDI-perspektiv,
saknar de agila processerna ett tillräckligt stöd för användarcentrerad systemutveckling. Trots det så kan de fundamentala värderingarna samt även
specifika metoder inom agil utveckling, potentiellt fungera bra tillsammans
med ACSU. Till exempel så är iterativ utveckling grundläggande för både
användarcentrerad och agil systemutveckling.
Slutligen, handlar forskningen om hur iterativa metoder kan användas för att
hitta designlösningar som stödjer användarna i att bemästra problem med
överblick och kontroll i deras arbete inom ärendehantering.

1

På engelska är termen User-Centred Design (UCD) eller User-Centred Systems Design
(UCSD).
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1 Introduction

Today, IT-systems are used in almost all aspects of modern working life. In
2005, approximately 96 percent of all Swedish enterprises with ten or more
employees used computers (SCB, 2005). Despite all knowledge about how
humans and computers interact there are still far too many IT-systems that
suffer from inadequate usability. Every day we come across technology that
makes our work or every day life unnecessarily complicated simply because
the systems do not support our tasks in a desired way. Our work and every
day life are increasingly dependent on IT and therefore the consequences of
badly designed systems are becoming more serious. Less usable technology
reduces the effectiveness of work, which results in high costs and can even
lead to dangerous situations. In safety-critical systems, for example in airplanes, on high-speed boats or at train traffic control centres, it is obvious
that erroneous operations might lead to hazardous or even fatal situations.
Accidents that often are blamed on the human factor may be a consequence
of computer systems that are not developed properly to support the user in a
stressful environment (Olsson, 2004). Similarly, in other environments, that
are not as time-critical in terms of having to make crucial decisions within
seconds, people can suffer directly or indirectly by inadequate computer
support. One representative example of this is the computerisation of administrative case handling support systems which is ongoing at our public authorities (a typical work environment is shown in Figure 1). The design of
the systems does not support the case administrator’s current work and organisation. As a consequence, the users’ work routines that have been
shaped over several years of adaptation, are shattered, something that may
cause increased stress and thus have serious effects on the users’ health.
Inadequate ergonomic design also affects the user, for example monotonous
mouse work over a long period of time. Long-term use of systems with insufficient ergonomic support is potentially dangerous since this may lead to
musculoskeletal symptoms, such as pain in back and shoulders and mousearm syndrome (see for instance Åborg, 2002 and paper III in the thesis).
The research field of human-computer interaction (HCI) has the purpose of
understanding and providing solutions to such problems. Despite the increasing knowledge of the interaction between humans and technology the usability problems are still very evident. One important research area is the application of HCI knowledge in the development of IT systems. For several reasons it has been proven difficult to design usable IT systems in practice. For
1

one thing, existing knowledge on HCI is not sufficiently widespread in the
practitioner community. Furthermore, it is difficult to apply the knowledge
in practice by those who develop the systems, e.g. programmers/systems
developers/software engineers, project managers, web designers and others.
Software engineering is in itself a complicated process, and the HCI knowledge is difficult to integrate into the prevalent software engineering processes. The most commonly used processes are not sufficiently good at considering the users’ needs – something that inevitably will cause problems in
the resulting systems. Therefore principles for user centred system development have been developed within the field of HCI (Norman, 1986; Gould,
Boies & Ukelson, 1997; Karat & Karat, 2003; paper I). The research has
provided us with valuable results and methods, but in one aspect it has not
been particularly successful. Within systems development, usability has
come to be treated as a separate activity, rather than being a natural part of
all development work.

Figure 1. The work domain of the research – an office for case handling work.

Development of IT systems is an intricate business that faces a number of
difficulties other than usability. Many of these are of a technical or economical nature, other relates to organisational or management issues. For instance: systems are constructed with technology that often is new and unproven and is supposed to work seamlessly together with other systems;
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projects have tight schedules and budgets; many specialists are involved and
their work must be organised effectively.
The harsh reality of today’s systems development is verified by the CHAOSreport (Standish Group, 2001). In a survey of 280 000 US projects in 2000,
only 28% of them succeeded. The rest of the projects failed and were cancelled (23%) or categorised as challenged (49%) that is, completed and operational, but over-budget, over the time estimate, and with fewer features
and functions than initially specified. The reason most of these projects
failed was not lack of money or technology; most failed for lack of executive
support, lack of user involvement and lack of experienced project management. These problems can be described as organisational and management
problems, and as long as these problems cannot be supported by the systems
development processes, the IT project will not succeed.
Other essential problems in the systems development can be deducted from
typical features of systems based on software. In Fredrick Brooks’ seminal
paper No Silver Bullet – Essence and Accidents in Software Engineering
(1987), he describes four inherited essential properties of software building
that aggravates the development process: complexity, conformity, changeability and invisibility.
Systems consisting of software, hardware, people and organisations are often
enormously complex, and it is exceedingly difficult to specify such systems
completely and in advance. Also complexity emerges from that the system
must conform to other interfaces of human institutions, work practices and a
multitude of other systems. So complexity in one particular system cannot be
simplified out alone by a redesign of one system.
Software is constantly changed because it is relative easy to change, which is
an essential difference from other engineered products such as cars and
bridges. “Software can be changed more easily because it is pure thoughtstuff” (Brooks, 1987). Typically, the degree of change is high already during
development and appears from both external and internal causes. The
changes are forced by either new or shifting conditions during the development, or on the fact that all requirements could not be clarified early on in
the systems development. The conditions may concern anything from
changed technical or business circumstances to changes in work tasks and
organisation. Introducing new or modified features after freezing the requirements specification is difficult, time consuming and expensive. As far
as I can see this is one of the essential problems; it is impossible to derive all
requirements beforehand, one needs to be prepared for late changes and have
processes that allows such changes (see for example Vicente, 1999).
Software-based systems have an invisible and intangible nature related to
their dynamic and interactive properties. Limited parts of the system can of
3

course be visualised, in example screenshots or flow models; other parts are
tangible, for instance the keyboard. But it is hard to grasp the complete interactive system when it is made up of a complex mix of software, hardware,
people, tasks and organisations.
The needs of the users are not easy to specify, since a lot of the users’
knowledge is tacit. The problems that occur in the development of these
systems are often so called wicked problems that lack an unambiguous solution (Poppendieck, 2002). The systems are hence difficult to comprehend
and entirely specify in advance.
The discipline of software engineering has for a long time been concerned
with the various problems of systems development 2 . The goal is to transform
software development from an ad-hoc craft to an engineering discipline. This
discipline is defined as:
The application of a systematic, disciplined, quantifiable approach to the
development, operation, and maintenance of software; that is, the application
of engineering to software (IEEE 1990).

In software engineering, methods and processes have always been important
in managing the problems, mainly processes that are disciplined, engineering
oriented, predictable and repeatable. A vast number of methods and processes influenced by software engineering research as well as best practices
has emerged during the years – and disappeared. The first ideas to become
widespread were structured programming and the waterfall model. Later,
they were replaced by object-oriented techniques and iterative development
as state of the art. A typical example of such a process is IBM Rational Unified Process (RUP), which currently is one of the most widely used processes. Especially in Sweden, RUP is today the predominant systems development process (Göransson, 2004; Gulliksen et al., 2004). RUP can be regarded as a typical engineering-oriented process based on object-oriented
modelling, iterative development and with the goal to be repeatable and predictable. However, predictable processes require components that behave in
predictable ways, and people are not quite as predictable and display significant differences in skill and preferences. Software development has not so
much to do with rigorously following plans and processes, than individual
skill and adaptability. Hence, software development processes are not truly
repeatable, since the people involved are different, as well as the systems’
context (Boehm and Basili, 2000).
There is a belief that disciplined engineering oriented processes can solve all
problems. This has led to an increasing focus on the process per se, and fol2
I use the term software development to depict the practical work and software engineering
as an academic discipline concerned with making software development more efficient.
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lowing a process has come to be recognised as one of the key success factors. However, the heavy focus on methods and processes introduces new
problems such as unwieldy development, lack of feedback and a focus on
methodology instead of other aspects. Engineering-based development processes tend to have long feedback cycles where long periods of time are dedicated to planning, documentation of requirements and modelling. It can take
a considerable amount of development time before the software reaches a
state in which it can be exposed to the users. In worst case, user feedback
will not arrive until the project is completed and the system has been delivered. Fowler (2003) criticises the heavy focus on processes:
Methodologies impose a disciplined process upon software development with
the aim of making software development more predictable and more efficient.
They do this by developing a detailed process with a strong emphasis on
planning inspired by other engineering disciplines. The most frequent criticism
of these methodologies is that they are bureaucratic. There's so much stuff to
do to follow the methodology that the whole pace of development slows down.

As a reaction to the complexity and rigor of traditional software development processes, agile software development methods have gained increasing
attention. Agile methods prioritise delivering working software, more than
producing extensive models and documentation (Agile Alliance 2001;
Cockburn 2002; Fowler 2003). Moreover, it has a focus on the people involved and the required interaction, instead of on processes and tools. Agile
development also emphasises that responding to the changes that invariably
take place over the course of a project is more important, than strictly adhering to a contract or plan. From the perspective of usability, however, agile
methods do not inherently provide the required support for a user-centred
design process. On the other hand, the philosophy of agile development may
have the potential to work very well together with UCD.
This thesis, and the work behind it, is an attempt to understand some of the
problems with developing usable systems in an effective way, and how to
integrate HCI and software engineering knowledge. I specifically look at the
issue of integrating UCD and agile software development.

5

2 Research objective

The general goal of software process research is to improve software development practice by proposing: a) better ways of defining and modelling the
development and therefore designing the developer organisation processes,
b) better ways of assessing the weaknesses of this organisation, and c) better
ways of improving this organisation at the level of individual processes and
the organisation as a whole (Ferre, Juristo & Moreno, 2004).
In my research I have studied the different aspects of usability and the process of how to develop usable IT systems. Primarily, the systems concerned
are used in professional work, such as case handling systems in large government organisations. The main objective with my research has been:
To understand which essential factors in the system development process
that facilitate the development of usable IT systems.

This also means to grasp an understanding of why a majority of development
projects today fails to deliver IT systems that are usable. What general factors (if any) in the development process deters the usability in the resulting
IT systems? The nature of the research objective has also made me to concern aspects of software engineering and systems development processes
that not explicitly deal with usability and HCI. Issues dealing with integration between HCI and SE methods have therefore become a natural part of
my research.

2.1

Research questions

My main research objective is on a quite high level and on a general basis. In
the course of research, I have broken down my main objective into more
specific and detailed questions that each to some degree contribute to the
whole.
 Iterative design is an essential part of most modern software processes,
including user-centred design. How can iterative design methods facilitate
systems development in order to produce usable systems? And how can HCI
knowledge be applied to usability related problems in order to improve a design
solution through an iterative design process.

6

 How can usability and user-centred design (UCD) be integrated into systems
development? Is such an integration beneficial to the usability of the final IT
system?

 Agile software development methods have a somewhat different focus than
user-centred design and traditional systems development. What are the specific
benefits and pitfalls of integrating UCD and agile software development?

 A final question is how to integrate issues from other areas than common HCI,
such as occupational health aspects, in an iterative software development
process.

2.2 Perspective, scope and limitations
Primarily, the systems concerned are used in professional work, such as case
handling systems in large government organisations (a typical work environment is shown in Figure 1). However, given this limitation several of the
findings may be applicable in other settings as well. The purpose is also to
perform practical research. Hence the goal is rather to solve problems in
practice than to contribute to the development of the theory within the field.
My main perspective in this thesis and the underlying studies is on the system development process, the developing organisation and the individuals
working with development (programmers, usability designers, testers, system architects, users, etc.). Naturally, users are also in focus, but from the
perspective of the development process. Hence, I do not emphasise how
users themselves experience their IT products and how they act in a development process (which is more accentuated in for example participatory
design). Moreover, the situation of procurers, managers and customers are
not my main perspective.

7

3 HCI and UCD

This research work is carried out within the field Human-computer interaction (HCI).
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 Special
Interest Group on Computer-Human Interaction (SIGCHI) Curriculum
Development Group, 1992, section 2.1.)

Figure 2: The content of Human-Computer Interaction according to ACM/SIGCHI
Curriculum Development Group, 1992.

A key characteristic of HCI is that it is a multidisciplinary approach that has
emerged from a range of behavioural sciences that includes psychology,
anthropology, and sociology, along with computer and system science and
other engineering disciplines. As a consequence there exists a variety of
approaches, research methods and techniques within the field.
8

3.1 Usability
A main issue to maintaining cooperation in the multidisciplinary community
was the development of a better understanding of the overall goals and its
scope in HCI. How could we define what it meant to develop technology
that was better for humans? Initially, the proverb “easy to use” was an overall measure for systems that were developed with users in focus (Karat and
Karat, 2003). This term as well as its sibling “user friendly” also spread outside the HCI community and was taken up by system developers, computer
users and IT procurers. Today it still widely used among these groups as a
buzz word, which is unfortunately as it is a really a concept without much
meaning. Often when people say “user friendly” they basically mean a
graphical user interface with reasonable modern looks. HCI professionals
has long ago abandoned the term “user friendly” for more accurate concepts
that can be used as a guiding objective in development and evaluation.
In order to utilise more precise definitions in the field of human-computer
interaction, standards and guidelines have been developed, starting in the
1980’s. One key concept that has replaced “ease of use” is the term “usability”. The international standard ISO 9241-11 (1998) Ergonomic Requirements for Office Work with Visual Display Terminals defines usability as:
the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified
context of use.

The definition of usability is based on three parts: effectiveness, efficiency
and satisfaction. Effectiveness refers to whether users can achieve stated
goals with accuracy and completeness. Efficiency relates to the resources
that are needed to achieve the goals. Satisfaction relates both to the acceptability of the system and freedom from discomfort. The ISO 9241-11 definition emphasises that usability is measurable, at least to some extent.

3.2 User-centred design
The HCI community has generally adopted the label user-centred design
(UCD) or user-centred system design (UCSD) 3 for describing the attitudes
and approaches used for developing usable systems. There exists a variety of
UCD approaches, but the common aim is to develop usable systems with a
focus on understanding the users as a means to inform design. A pioneer
collection of texts on the subject was edited by Norman and Draper (1986) in
3

I use the terms User-Centred Systems Design (UCSD) and User-Centred Design (UCD)
interchangeable. For a discussion on possible differences, see Göransson (2004).
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the book User Centred System Design. In chapter 3 Norman emphasised the
importance of having a good understanding of the users:
But user-centred design emphasises 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. (Norman, 1986)

Another influential piece of work was carried out by Gould et al. (1997);
here they defined UCD by four principles:
1. Early – and continual – focus on users.
2. Empirical measurement
3. Iterative design
4. Integrated design – wherin all aspects of usability evolve together.

For each principle they list a number of methods, recommendations and
checklists that can be applied in the design process. The methods were typically already familiar and used in HCI, for example task analysis, participatory design and prototyping. Characteristically for the methods was that they
were informal and possible to use without extensive training, for instance
without advanced education in psychological methods.
One standard that describes user-centred design is ISO 13407 Human centred design processes for interactive systems (1999). This piece of work
deals with principles and methods for user-centred system development. It
provides guidance on achieving quality in use by describing how to incorporate user-centred design activities throughout the design process and further
on, throughout the life cycle of interactive computer systems. However, the
standard describes, rather than defines UCD.
Besides the above mentioned approaches, several other have been proposed
over the years (for example, see Karat and Karat, 2003). Unfortunately, there
is no agreed upon definition of UCD. Despite the absence of a precise,
common used definition, most people consider UCD to mean an approach to
development that involves iterative design and user involvement (e.g. ISO
13407, 1999 or Gould et al., 1997). But the problem with such a vague definition of the concept is that more or less anyone can state that their product
follows the tenets of user-centred design – without having to make any
commitments about what to do or even knowing what it actually means.
Dennis Wixon (cited in Karat, 1996) argued that if we do not have a shared
understanding of UCD, then we might allow virtually anything be called an
UCD process. Is user centred design a term that describes anything that usability specialists do, or is it a set of techniques drawn from a larger set of

10

activities that may be part of system design? The consequence of this can be
a process that in itself involves little or no active user participation.
Despite the problem with vagueness, UCD is a key concept in the HCI
community as it is used both in academic and practical work. Therefore it is
essential to work towards a more precise definition of UCD and also to reach
a consensus on the concept within the field of human-computer interaction. I
have participated in such research and the outcome of the work is described
in this thesis, and specifically in paper I.

11

4 Research approach and methods

My research approach builds a lot on my experience from working as a systems developer and usability designer before and during my PhD studies.
Hence, a lot of my observations and conclusions are based on retrospective
reflection on my past experiences. In addition the research is based on extensive literature studies (mainly articles in HCI, UCD, software engineering
and agile software development). Finally I have performed exploratory studies and design case studies (paper III and IV). Following, I list the research
approaches that have been applied per paper:
Paper I: Key principles (I was personally not involved in the cases described, but in the theoretical work leading up to the principles presented).
 Observations of the work of the development team, for instance, by continuously
participating in the project meetings of the software development team.

 Observations of the current work practices (work that was mainly paper-based,
not having extensive computer support) of the administrators working with
national registration.

 Semi-structured interviews based on open-ended questions with software
developers and user representatives about their attitudes to and experiences
with working with users and usability.

 Semi-structured interviews based on open-ended questions with users about
their work.

 Frequent discussions with members of the software development team and
representatives for the current work practices to check possible discrepancies in
our interpretation of the observed activities and actions.

Paper II: Agile and UCD (this is entirely my own work).
 Literature studies – Articles in HCI, UCD, Software Engineering and Agile
software development.

 Analysis of principles and values in user-centered design and agile software
development respectively. Analysis to what degree agile values, principles and
practices promote or prevent a user-centered approach. The analysis is based
on a set of 12 key principles of UCD (from paper I). Each principle was
compared with the values and practices prescribed in agile development and
then analysed to what extent the principle is supported or prevented.

 Creating a an abstract level model for integrating agile software development
and user-centered design.
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Paper III: Exploratory study – Visuworks 1 and Paper IV: Case study, design
case – Visuworks 2 (I performed most of this work myself and some of the
parts in cooperation with my co-authors).
 Survey of information visualisation literature
 Observation interviews
 Creating requirements and scenarios describing the future work situation.
 Brain-storming activities to generate new possible solutions, conceptual design,
 Design workshops
 Prototyping (paper prototypes and programming interactive prototypes)
 User evaluation of prototype, using a limited version of the ADA method and
informal review together with users using the interactive prototype displayed on
a big screen.

4.1 Viewpoint
The focus of my research has always been to perform practical research – the
goal is rather to solve problems in practice through research than to contribute to the development of the theory within the field. Also, the projects carried out are characterised by a qualitative approach defined by practical work
with real users, acting in real settings, with also is within the tradition with
our department.
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5 Work performed and Results

5.1

Key Principles for User-Centred Systems
Design (paper I)

5.1.1 Background and motivation
In paper I, Key principles for user-centred systems design (UCSD); our goal
was to identify a common set of key principles for UCSD/UCD 4 . The background for the study was the problem with the vague concept of user-centred
design described in chapter 3.2. The paper summarises the research and experiences from a number of projects, carried out over several years in our
research group. I became involved late in the project when the field studies
were finished and an initial draft of the principles had been written. My contribution consisted of actively participating in the discussion and development of the final version of the principles. Below, I discuss my reflections
from this research project.
The consequence of the diversity on what UCD really stands for makes it in
practice a vague concept that can be interpreted in many ways. In addition,
UCD has not made much impact in systems development practice. In order
to communicate user-centred ideas to developers and IT-organisations, there
is a need for a distinct concept. Another purpose of the definition is to facilitate the adoption or integration of UCD methods in systems development.
Process customisation is another task when the definition would be helpful.
There are a number of supplementary purposes that we identified in our paper where a definition also would be useful, for example: process/organisation assessment, procurement support, client-contractor relations
and as an explanation model. Even if we do not need a single, exactly defined UCD process – a Unified UCD – there is a need for a more consistent
description of what UCD really is, in order to discuss how it can improve
and be integrated with systems development, both in theory and in practice.

4

I use the terms User-Centred Systems Design (UCSD) and User-Centred Design (UCD)
interchangeable. For a discussion on possible differences, see Göransson (2004).
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5.1.2 Results
In paper I we proposed a definition of UCSD. We also identified 12 key principles for the adoption of a user-centred development process that are based
on existing theory, as well as research in and experiences from a large number of software development projects (Table 1).
Another experience from the study is the difficulties of transferring or integrating HCI-knowledge into an existing organisation with its own development process. The pilot project in the study was an in-house development
project within the Swedish National Tax Board (Skatteverket) with the purpose of developing a new computerised case-handling tool for administrators
working with national registration. The study was a part of the VERKA research project 5 (Sandblad et al. 2003). The activities of the research team
included introducing a set of UCD principles (an initial version), and facilitating the project team’s commitment to these principles, as well as participating in some of the project’s work activities. The organisation had recently
introduced RUP – Rational Unified Process (Kruchten, 1998) as their systems development process. Even if some UCD activities were successfully
carried out, their newly introduced process became an obstacle as a whole.
Some of the essential problems reported in the article were:
Focus on short-term goals and Use case mania. The developers focused on
short-term goals, such as, producing models and specifications prescribed by
RUP. The long-term goals and needs of the users regarding their future work
situation tended to be ignored or forgotten. Moreover, towards the end of the
project, meeting the project goals and deadlines became much more important than achieving some sort of minimum level of usability.
When the development project started, the people involved did not have
enough experience with use case modelling. The modelling went out of
hand, consequently the project was burdened by all the use cases, and thus
the results could not be used efficiently in the development process. This use
case mania indicated that there was a problem with user focus in the project,
producing them became more important than actually questioning their usefulness and understanding the users’ real needs.
These problems indicated that the project had an unsound focus on the process itself and its artefacts, instead of the essential goal of actually producing
something to support the users work.

5

http://www.it.uu.se/research/project/satsafriskt/verka
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Table 1.Definition and key principles of UCSD defined in paper I.
User-centred systems design is a process focusing on usability throughout the
entire development process and further throughout the system lifecycle. It is
based on the following key principles:

User Focus – The goals of the activity, the work domain or context of use, the
users’ goals, tasks and needs should all guide the development from the very
beginning.
Active User Involvement – Representative users should actively participate,
early on and continually, throughout the entire development process and system
lifecycle.
Evolutionary Systems Development – The systems development should be both
iterative and incremental.
Simple Design Representations – The design must be represented such that it
can be easily understood by users and all other stakeholders.
Prototyping – Early on and continuously throughout, prototypes should be used
to visualise and evaluate ideas and design solutions in cooperation with the end
users.
Evaluate Use in Context – Base-lined usability goals and design criteria should
control the development. Evaluate the design against the goals and criteria in
cooperation with the users, in context.
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. A professional attitude is required, as are the
tools that facilitate the team’s cooperation and efficiency.
Usability Champion – Usability experts should be involved early on and continually throughout the development lifecycle.
Holistic Design – All aspects that influence the future use situation should be
developed in parallel.
Process Customisation – The UCD process must be specified, adapted and/or
implemented locally in each organisation.
A User-Centred Attitude should always be established.

Poor understanding of design documentation. The design was documented
in the Unified Modelling Language (UML) and the users were invited to
evaluate it. The users had severe difficulties predicting their future use situation based on the UML notation. The key principle of design representations
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emphasises the importance of using representations that are easy to understand for all the stakeholders, in particular as regards the future work/use
situation. Although valuable for the developers, UML was clearly not easily
understood by the users.
Usability designers were ignored and major technical changes were made.
Despite the skilful work that the usability designers performed, their results
and their opinions were ignored in the later phases of the project. Halfway
through the project a strategic decision was made, against our advice, to
change the technical platform to a web based environment. The decision was
crucial in that it made it very difficult to meet usability requirements. Problems surfaced due to insufficient experience of web development, as well as
insufficient usability support in web based applications, e.g. shortcut keys.
These problems indicate three things. First, there was a problem with the
attitudes to usability within the development organisation and with maintaining a user focus. Second, the usability designers did not have the authority to
decide on matters affecting the systems usability, which resulted in mistakes
such as choosing a web interface. Finally, the developers did not have the
expertise to work with the new web technology. So this decision was incorrect from a technical perspective as well.

5.1.3 Conclusion
Our conclusion is that one needs to be very specific about what it takes from
the process to comply with UCD to prevent problems such as the ones described in the pilot study (paper I). One step to address this issue is the set of
UCSD key principles that we proposed in the study. Furthermore, the problems that occurred in this project are not unusual, on the contrary I think they
are typical, as various others have observed (e.g., Gould et al., 1997; Carlshamre & Rantzer, 2001; Standish Group, 2001). Another indication from
the study is that the organisation’s process, RUP, itself was a source to the
obstacles of integrating UCD. Plan-driven, model-based processes (such as
RUP) are criticised by the proponents of agile systems development for exactly the same kind of problems that we found. These conditions motivated
me to study the agile approach further, which is described in the next section
and paper II.
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5.2 Towards a Model for Bridging Agile Development
and User-Centered Design (Paper II)
5.2.1 Background and motivation
The problems found during the VERKA study were not completely novel as
explained above. Other problems that we found were not only concerning
usability, but also systems development in general. Similar subjects were
discussed already in the 1980’s, for example by Brooks (1987) and Boehm
(1988) and more recently, these problems have been in focus by proponents
of agile systems development. Consequently, the results from the VERKA
study, as well as the new ideas in software engineering, encouraged me to
study the agile approach with a focus on how usability is managed in the
process.
From an HCI point of view, agile development is an untried approach. Although, as these new methodologies are used in everyday production of IT
systems, it is important to study how we can relate the methods to UCD. So
far, the agile community has not been explicitly concerned with users, usability or user-centred design. The key publications on agile methods are not
particularly concerned with usability issues. So, from the perspective of usability and UCD, the agile approach as such does not seem to explicitly provide any support for a UCD approach.

5.2.2 Agile Software Development
In today’s software community, agile approaches are much debated, but
what is this latest trend in systems development really about? Agile software
development is not a single, well-defined process. Instead, it is a common
name for several processes and methods, sharing a set of core ideas, values
and principles of software development. But the most well-known process in
the agile family is probably Extreme Programming, XP (Beck 2000). The
core values and principles were defined in the Agile Manifesto (Agile Alliance 2001):
1.

Individuals and interactions over processes and tools.

2.

Working software over comprehensive documentation.

3.

Customer collaboration over contracted negotiation.

4.

Responding to change over following a plan.

Each of the values, listed above, should be interpreted thus: “while there is
value in the items on the right, we give preference to the items on the left.”
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The ideas of agile development were not all novel; they had been best practices for several years.
The agile approaches place less emphasis on the process and its deliverables,
and focus instead on the people involved and their co-operation in order to
produce results more quickly with reduced risk of failure or delays. The driving force behind the agile perspective is to shift the overall focus of software
development to a more agile or lightweight perspective (Cockburn 2002).
This change can be seen as a contrast to more elaborated, plan-driven and
engineering-based processes such as RUP. Paper II contains a more thoroughly description of the characteristics of Agile software development.

5.2.3 Research Problem
Previously, neither the HCI nor the software engineering communities have
paid much attention to the issue of usability or UCD in agile processes, nevertheless there is a growing interest in the field. Until now, only a few articles have been published, i.e. Constantine (2002), Hudson (2003), Kane
(2003), Armitage (2004), and Jokela & Abrahamsson (2004). These articles
mainly focus on a single agile process, Extreme programming, and how it is
used in conjunction with usability methods in a specific pilot project. Obviously, this is a legitimate and interesting research approach. However, the
disadvantage is that that neither the agile nor the user-centred approach is
one solely and well-defined process. Therefore, the results from the previous
studies are probably not possible to apply in general. I argue that research in
the field should first be grounded by understanding the underlying principles
of UCD and agile, instead of specific processes or techniques. This should
result in a more general understanding of the two approaches and how they
relate to each other. This sort of analysis is useful for further comparisons of
specific processes and implementation of the knowledge in real projects. As
I did not find this kind of research, I have made an attempt to address the
underlying principles in my study. In this effort, my previous work with the
key principles of UCD (paper I) was a useful starting point
From a user-centred point of view, agile development is an untried approach.
However, both the agile and user-centred perspectives deal essentially with
the development of IT systems and therefore it is possible to compare them,
at least to a certain extent. Also, even if UCD support is low in agile development, it is motivated to study if the agile framework is an appropriate basis for usability work. Is it possible that agile values implicitly encourage
usability in the final product?
Paper II was a first step towards investigating how to bridge the gap between
agile software development and UCD. As my perspective is spawned from
the precepts of UCD, it is natural to discuss the user-centeredness of the
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agile approach. This was done by analysing user-centred design qualities in
the agile software development approach. However, the main topic covered
is how to integrate the two perspectives – if at all possible.

5.2.4 Results
The results from the evaluation show that agile approaches do not themselves support all key principles of UCD. However, there are a number of
qualities inherent to agile project culture that might provide a solid foundation for a user-centred attitude: a focus on people, communication, customer
collaboration, adaptive processes and customer/user needs. Is this enough to
regard agile development as user-centred design? The main reason for answering negatively is not that agile values work explicitly against UCD;
instead, it is because they do not reflect the necessary focus on users and
usability. Furthermore, some of the agile processes’ prioritised areas of interest can prevent a user-centred attitude: e.g. a focus on programming and
programmers, automated tests, very short iterations and fast increments, and
executable software as a measure. Other problem areas are the confusion
between users and customers, no usability professionals were involved, unsatisfactory techniques for modelling users and tasks (i.e., user stories and
use cases), the avoidance of early design as well as inadequate interaction
design on the whole.
However, there is no contradiction between agile approaches and UCD; in
fact, there are several basic values that the two perspectives share. So far,
there is no predominant reason why agile processes could not be customised
or adapted to UCD, or vice-versa.
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5.2.5 Conclusion
The key point at issue is how to bridge the gap between agile software development and user-centred design. In the paper, I outlined a model on an
abstract level for integrating agile software development and UCD. This
model is described from three different strategies, depending on the aim of
the integration. Should the goal be to improve a specific agile or UCD process so it becomes more user-centred or agile, or, should the goal be to define
a new hybrid agile-user-centred process?

UCD

Agile
Methods, techniques,
values

Figure 3. Balanced integration: cross-pollination between agile development
and UCD.

My conclusion is that the last integration approach, where there is a balanced
integration of agile and UCD values and methods is the likeliest for success
(Figure 3). By combining UCD and agile development in this manner, both
basic values and methods/techniques can be better adapted to suit and complement one another. The other approaches can be uncertain because they
could be implemented by simply adding new features on top of an existing
tradition. This may not work with the basic values that already exist or may
require so much adaptation that they become too undermined to be beneficial. The coordination of methods, people, basic values and process is more
likely to succeed with a balanced integration.
In paper II, I also point out concrete ideas on how to achieve the integration.
In addition, these ideas are summarised in chapter 6, Table 2.
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5.3 Two studies addressing users’ health issues in
software development (paper III and IV)
5.3.1 Background and motivation
Current software development processes are often technology-centred and
do not focus on long-term goals such as health aspects and usability (Clegg,
et al, 1997). Occupational health experts, on the other hand, typically evaluate the work situation in the workplace, once the system is in place. At that
stage, it is often too late or too expensive to modify poor and inadequate
design that may lead to health problems.
Paper III and IV describe two successive studies in a project named Visuwork
– Visualisation of the workload. There we addressed the problem of integrating occupational health aspects within the software design process. Another
key aspect was to turn the particular health risk factor into a design problem
and use iterative methods to improve the design over several iterations.
The case in the project concerned electronic case handling systems at a
branch of the Swedish National tax board (Skatteverket) and was a part of
the larger VERKA project (Sandblad et al. 2003).
Poor overview and control of workload in electronic case handling systems
is a potential health risk factor which affects the users. Karasek and Theorell
(1990) have proposed a model relating stress-related complaints to the three
dimensions of psychological demands, control and social support (Figure 4).
The combination of high psychological demands (stressors), such as workload and deadlines, and little control over one’s own activities and skill usage creates psychological strain, which may in the long run cause stressrelated symptoms. Social support, such as informal social activities with
colleagues, or supervisory support may act as a buffer to the psychological
strain. The shift from paper-based to electronic case handling may create this
sort of risk factors. Case handling systems must therefore be designed to
give the users a better overview and maximum control over their workload.
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Figure 4. Relations between demands, control and social support in a work situation,
according to the demand-control-support model (Karasek and Theorell 1990). The
model describes how a healthy work is characterised by balance between the three
dimensions of requirements, control and social support. (Illustration by Niklas Johanson, with permission.)

5.3.2 Results
Paper III argues that occupational health expertise should be directly involved in the software design process, and describes an exploratory study
where health experts and users participated in the analysis, design and
evaluation of a prototype. We addressed the problem of poor overview and
control in electronic case handling. We used methods primarily from the
participatory design field in combination with a framework describing some
of the main risk factors for stress-related disorders in computer-supported
work – the Karasek-Theorell demands-support-control model (Karasek and
Theorell 1990). In the first major iteration (paper III) we conducted observation interviews where the questions were based on the risk factors of high
demand, low control and poor support. The interviews were the main lever
for addressing these factors and making them visible in the process. They
could then be turned into requirements, design criteria and scenarios that we
used as a basis for our design.
The design was then developed into a prototype interface for managing
cases, based on the piles metaphor that would support overview and control
over one’s workload. An evaluation indicated that the design improved the
users’ tasks to some extent. However it also identified several problems with
using piles as a metaphor.
Paper IV describes a second, major iteration of the project. In this study we
also put focus more on the design problem as such and the design process.
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We wanted to address the previously identified problems by finding better
solutions through an iterative design process. The knowledge gained from
the previous prototype as well as a review of information visualisation literature, was then used to propose several new design solutions. One of these
was developed into a prototype where cases are visualised as tiles, reflecting
the number and complexity of the cases. Paper IV also describes some the
results of the evaluation of the tiles prototype.
Our basic design model is outlined in Figure 5 and it describes the early
phases of an iterative software development project and should be complemented with other activities, for instance, user analysis. We carried out two
major iterations in the studies. The design workshops were carried out differently in the two iterations. The users participated in the first workshop,
but were not involved in the early phases of the second iteration. We did not
involve users more than this since the main aim of the studies was to find
methods for integrating occupational health aspects within an iterative software design process. Also, the workshops of the second iteration focused on
generating design ideas that addressed the specific problems that we found
during the previous evaluation. However, the users were involved in the
evaluation of both the prototypes.
Should represent future
work practices as well as
user-computer interaction

Major iterations

Starting point:
Health risk factor,
e.g. poor control,
high demands or
long hours at
computer

Main ‘lever’

Minor
iterations
Observation
interviews
Work models

Scenarios
Requirements

Design
workshops
Prototyping

Prototype
evaluations

Scope too limited for
evaluating long-term
effects on users’ health

Figure 5. A model of the activities and process in our iterative approach. We performed two major iterations in the project and several minor iterations in the phase
design workshop/prototyping. In each minor iteration we developed a new design
concept that was evaluated against the original requirements.

A major part of my contribution to the project was to design, develop and
evaluate the prototypes.
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5.3.3 Conclusions
In the studies presented in paper III and IV, we broadened the usual scope of
software design problems to include health risk factors and involving health
expertise in the process. The study generated some insights and ideas as to
how occupational health experts can be involved in the early phases of the
software development process, what types of methods would be suitable and
the problems involved in designing for healthy work. An iterative design
approach was an important part of addressing the problems. The outcome of
the first iteration in the design process was a prototype based on the piles
metaphor (Figure 6). This solution would support overview and control over
one’s workload, in order to address stress related complaints often associated
with the introduction of computerised case handling systems. However, an
evaluation of this prototype revealed some problems with using piles as a
metaphor in this context.

Figure 6. Cases visualised as piles (paper III). Piles and individual cases are placed
on a workspace, where they can be moved around and arranged spatially. The size of
a pile indicates how many cases it contains.

A new prototype based on a tiles metaphor was introduced in paper IV
(Figure 7). Although this prototype shows some advantages over the piles
prototype for being more effective in allowing the users to get an overview
of their workload and organising their tasks, there are still some issues which
need to be addressed.
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Figure 7. Cases visualised as tiles (paper IV). The size of the tile reflects the case’s
complexity; colour and symbol reflects the case type. Similar cases are arranged in
columns (trays). The team panel (top left) gives an overview of team’s workload.

Our experience has so far demonstrated that providing overview and control
for case handling work is a complex problem where there may not be a single straightforward solution. As the problem concerns work context and
occupational health issues, it is also difficult to fully evaluate long-term effects of different designs. Nevertheless, we are convinced that an iterative
design process that considers occupational health issues is an effective way
of designing solutions that address the workload overview and control problems associated with computer-supported case handling work.
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6 Reflections and Conclusions

The main objective with my research has been to understand which essential
factors in the system development process that facilitates the development of
usable IT systems. I do not yet have the complete answer, and I probably
never will, which is naturally due to the problem’s complex and difficult
nature. However, in the course of my research I have at least beginning to
discover and understand some of these essential factors. My overall research
objective has been broken down into more detailed questions, which I have
tried to answer in the papers and in this thesis. In this chapter I discuss my
reflections on these subjects further. Finally, in chapter 7, I point out some
issues for further research that should contribute to my research objective.
A foundation for all my research is the concept of user-centred design. In
this thesis, I argue that UCD is a vague concept, yet it is one of the key concepts in HCI. Therefore, my participation in the work presented in paper I is
very important for my research as a whole, as well for my future studies. In
particular, the key principles of UCD were an important foundation for my
studies of the relation between agile software development and UCD. It is
also my belief that the results from paper I contributes to a better understanding of UCD in general and promotes HCI research further in this matter.
Early on in my PhD studies, my interest in human-computer interaction and
HCI research was focused on specific HCI design methods, such as participatory design and user-centred design, as well as theoretical models on HCI
such as Norman’s concept of mental models (Norman and Draper, 1986) and
activity theory (e.g. Blomkvist, 2006). During the course of my work, my
interest has shifted more towards integrating HCI knowledge into common
systems development practice. I also have also reach to the point of view
that practical HCI research must be even more practical as well as include a
wider scope of issues. By this I mean that we must consider other aspects of
developing systems than merely usability, as well as utilising effective developing methods that deliver usable, working systems. These matters are
discussed further below.
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6.1 Bridging the gap between UCD and systems
development
The hard reality of developing IT systems is not considered enough by HCI
researchers and practitioners. Too often, HCI knowledge is developed in
isolation from the reality of systems development, which makes it hard to
integrate the knowledge into the existing development process. For instance,
Carlshamre & Rantzer (2001) reported that a usability-oriented method was
successfully introduced and used in a large company. Eight years later, much
of the impact was lost, due to fact that usability methods had not been integrated in the developers’ common practice.
Naturally, usability is a critical issue, but other aspects are equally important.
For example: A system that is not delivered to the users is not a usable system at all – even if the paper prototypes were astounding. Careful task analysis will not help out the users if the system is full of bugs and crashes from
time to time. Delayed projects due to inadequate project organisation and
bad management, will as well be a risk for the usability work. When a development project is short of time, usability is often cut out, for instance,
user testing is skipped in the last minute. Another obvious risk with a late
project is that it is cancelled before it finishes.
Researchers in the HCI community often stress that usability must be a vital
part of systems development, but there is also a need for HCI researches and
practitioners to widen their perspective. UCD should be more concerned
with the broader issues of systems development, especially how to integrate
HCI knowledge in the development process. This subject is still not a part of
mainstream HCI and has not made sufficient impact in current research,
neither in practice. However, this need for integration has recently been recognised by a number of researches and addressed by several papers, books
and conferences, for example Carlshamre & Rantzer (2001), van Harmelen
(2001) and Seffah, Gulliksen & Desmarais (2005). In addition, Siegel and
Dray (2003) criticises UCD professionals for doing too much “studies and
critiquing others”, with the result that they become peripheral in the projects
and loose influence. Instead UCD professionals should work more like designers or engineers – generating new product ideas and pointing to solutions. In this process, they should also take into account not only user issues,
but also the constraints that members of other disciplines struggle with. Usability methods cannot exist in isolation – they must also be adapted to the
rest of the development process and its preconditions. For the usability professionals, this will often mean a trade-off between usability and other issues; a compromise between achieving the best possible solution in one area
and a good enough solution as a whole. The aim of UCD to create systems
that are highly usable is still valid, but the goal must be adapted in order to
stress that usable systems also must also be deployed successfully. This also
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benefits usability in the long run, as real systems can be evaluated with end
users in real settings. To reach better results, usability has to find ways to be
integrated as a natural part of the design and development process. As an
alternative, I argue in this thesis that the agile approach together with UCD
can be a good starting point for this integration; however, the work to accomplish this is not self evident and is afflicted with problems.

6.2 UCD and Agile development – an integration
approach
Structured work through, methods, models and processes are the primary
solution to solve the typical problems that are ubiquitous in systems development. This common strategy is used both by software engineers and usability people. When the problems are not solved, there is a demand for even
more structure and elaborated methods. The process becomes too complex
and rigor, which makes it hard to learn and use. Too much time is spent on
following it, and the focus is moved away from the real problems (i.e. the
project presented in paper I suffered from this kind of problems, as discussed
in chapter 5). These matters also apply to some HCI methods and processes.
Lengthy and too elaborated usability methods jeopardises development as
they become weighty and yet another obstacle for integration with systems
development. On the other hand, if the development process is too cumbersome, there is a considerable risk that usability gets lost in the turmoil of the
process’ activities.
The agile approach has the potential to overcome many typical problems in
systems development, as well as work out typical obstacles with integrating
usability work in practice. However, from the perspective of usability, agile
methods do not inherently provide the required support for a user-centred
design process. The main argument is not that agile values explicitly work
against UCD; instead, they do not reflect the necessary focus on users and
usability. Furthermore, some of the agile processes’ prioritised areas of interest can prevent a user-centred attitude: a focus on programming and programmers, automated tests, very short iterations and fast increments, and
executable software as a measure. Other problem areas are the confusion
between users and customers, no usability experts are involved, unsatisfactory techniques for modelling users and tasks (i.e., user stories and use
cases), the fear of early design as well as inadequate interaction design on
the whole. Then again, if these problems are solved, agile and user-centred
approaches have the potential to work together. In fact, the agile development philosophy does not prevent a focus on usability.
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The question at hand is how this integration can be accomplished. My research points toward that an integration of the disparate perspectives of UCD
and agile development has the best probability for success with a balanced
integration of their respectively basic values, methods and techniques. By
combining UCD and agile development with this approach, both basic values and methods/techniques can better be adapted to suit and complement
one another. Other approaches, such as plug in methods from one perspective into an existing process of the other perspective, may not work with the
basic values that already exist, or may require so much adaptation that they
become too undermined to be beneficial. In paper II, I discuss some concrete
ideas on how to achieve integration of agile development and UCD, which is
summarised in Table 2.

Table 2. Key aspects of integration between UCD and agile approaches
(a summary of ideas discussed in paper II).
The prime objective of the process should be to deliver working and usable
software. There must be a balance between actually releasing products and
improving the usability of the system one step further. Releasing increments
of the real system is beneficial because the developers can learn from actual
usage. Prioritising the system’s features is often necessary to keep up the
speed of development – this prioritising should ultimately be done by the
users, but in co-operation with usability designers.
Actively involve users — not just customers — in all phases of development.
All individuals involved in the development process are important — both
developers and users alike. How the development team and work practices
are organised must be taken into consideration. Ultimately, people are more
important than processes. Team communication can be improved by working
in pairs. In addition to pair programming, pairing users with usability designers and/or usability designers with programmers will contribute to boosting
communication.
Iterative/evolutionary development is essential. A process must also allow for
changes in requirements. The process should include suitable methods to
determine and specify usability goals that can direct the course of the iterative development. User stories and use cases that often are used in agile practices are not sufficient to capture usability requirements; users are also generally unable to specify their needs on their own.
Usability validation is needed at different stages of development. Usability
tests cannot be carried out at the same frequency as the automatic functional
tests for example. However, if users are ready at hand, simple low-scale
usability tests can be performed frequently. By using lo-fi prototypes, it is
possible to conduct simple usability tests early on and frequently.
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Figure 8. Lo-fi prototyping with sticky notes, pen and paper in an iterative
design process.

6.3 Iterative design and occupational health aspects
Iterative design and development is an essential component in both UCD and
agile development. It is also a vital ingredient to overcome the typical problems of systems development such as complexity, changeability and invisibility (discussed in chapter 1). Furthermore, iterative design is a major topic
when it comes to integrate UCD and agile systems development. In my research, in particular the Visuwork project, I have studied some aspects of
iterative design (presented in paper III and IV). In the studies we addressed
the particular problems of poor overview and control by finding better solutions through an iterative design process. Design workshops, evaluation from
previous prototypes as well as ideas from information visualisation literature, was then used improve the design solutions. Our experience has so far
demonstrated that providing overview and control for case handling work is
a complex problem where there may not be a single straightforward solution.
Here an iterative design approach is essential to find better solutions that will
help the users to cope with their work.
The major aim of the Visuwork project was to broaden the usual scope of
software design problems to include health risk factors and involving health
expertise in the process. The study generated some valuable insights and
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ideas as to how occupational health experts can be involved in the software
development process, what types of methods would be suitable and the problems involved in designing for healthy work.

6.4 Conclusions
This thesis, and the work behind it, is an attempt to understand some of the
problems with integrating UCD in the systems development process, as well
as finding a path where this can be achieved without including heavyweight
and rigorous methods and processes. The attempts so far of bridging the gap
between HCI and software engineering (or in practice UCD and systems
development), have not been notably successful in practice (Carlshamre &
Rantzer, 2001; Siegel & Dray, 2003; Seffah, Gulliksen & Desmarais, 2005).
As an alternative, I argue that the agile approach together with UCD can be a
good starting point for this integration. The agile approach is also an essential prerequisite to overcome many essential problems in systems development, as well as overcome typical obstacles with integrating usability work
in practice.
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7 Future work

In this chapter I propose two major issues that should be subject for further
research.

7.1 Next step in integrating UCD and agile methods
The natural way forward after my current studies is to progress the idea of
integrating User-centred design and agile methods. This requires further
analysis of specific agile methods about the extent to which they support
usability work. Based on this we should be able to specify concrete methods
and processes to support the notion of Agile User-centred design and empirically evaluate these in real projects. To really understand the power of such
an approach I would propose performing an action research project applying
agile UCD in cooperation with a company. My intention is to apply this in
my further practice.
Another, more specific issue within this research topic is the subject of integrating UCD and automated testing. Since I wrote paper II, I have worked in
a project where we applied agile methods. One lesson learnt from that project is that automated unit testing is a key technique to manage new and
changing increments of the system. In order to work in fast iterations and
respond to changing requirements, the developers must have a way to certify
that the code still works; otherwise every change in working code turns into
a cumbersome process. This also applies to the user interface (UI) and other
HCI aspects, as they should be included in the iterations of the project
(which was pointed out in paper I, III and IV). To speed up iterations of usability design and development, automated testing can be useful but it is also
problematic. The testing can be used only on the code level to verify that
code still works after UI changes. This encourages the development team to
change and evolve UI features and still be able to deliver working increments, which then can be evaluated by real users. The problem with automated testing is that it only verifies functions that can be tested by a program. Most of the user-system interaction cannot be tested this way. It is not
possible to fully evaluate usability aspects of a system. Automated testing
must be complemented with explicit usability tests, also in paper II I discussed other aspects that are problematic. However, automated testing can
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still be used for lower level UI features, for exampling verifying input scope,
correct system response and more generally that the underlying code behaves the way it supposed to do. The question is how usability evaluation
and automated testing (including UI parts that can be tested) can be more
integrated in iterative development, and together be more efficient. How
such an integration is accomplished is not self evident and should be a prospect for future research.

7.2 Designing for overview and control
In the Visuwork project, one of the problems we addressed was about poor
overview and control in electronic case handling systems. As a suggestion
for future work is that the tiles prototype should be developed further by
incorporating the user feedback from our current evaluation, and re-evaluate
the next version of the prototype in a real work context with more users.
Another proposal for future work is to design a solution for another work
context with similar type of problems with overview and control. I suggest
that this can be accomplished for users working with electronic health care
records.
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Abstract. The concept of user-centred systems design (UCSD)
has no agreed upon deﬁnition. Consequently, there is a great
variety in the ways it is applied, which may lead to poor quality
and poor usability in the resulting systems, as well as
misconceptions about the eﬀectiveness of UCSD. The purpose
of this paper is to propose a deﬁnition of UCSD. We have
identiﬁed 12 key principles for the adoption of a user-centred
development process, principles that are based on existing
theory, as well as research in and experiences from a large
number of software development projects. The initial set of
principles were applied and evaluated in a case study and
modiﬁed accordingly. These principles can be used to communicate the nature of UCSD, evaluate a development process or
develop systems development processes that support a usercentred approach. We also suggest activity lists and some tools
for applying UCSD.

1. Purpose and justiﬁcation
This paper describes the results of our current
research on UCSD and our experiences of applying
UCSD in software development projects. Our
purpose has been to compile knowledge and
experiences of UCSD, in order to give the concept
a more precise meaning and to increase its power.
The main point in our paper is that applying UCSD
requires a profound shift of attitudes in systems
development, and our main goal is to promote that
attitude shift.

2. Background
Our main concern has been the lack of an agreed
upon deﬁnition of UCSD, turning it into a concept with
no real meaning. UCSD was originally coined by
Norman and Draper (1986). They emphasized the
importance of having a good understanding of the users

(but without necessarily involving them actively in the
process):
‘But user-centred 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.’
(Norman 1986)
Several other deﬁnitions and understandings have
been proposed over the years. The lack of a shared
understanding of the meaning of UCSD (or UserCentred Design, UCD) has actually been pointed out as
a quality in its own right by Karat:
‘For me, UCD is an iterative process whose goal is the
development of usable systems, achieved through
involvement of potential users of a system in system
design.’
(Karat 1996)
‘I suggest we consider UCD an adequate label under
which to continue to gather our knowledge of how to
develop usable systems. It captures a commitment the
usability community supports—that you must involve
users in system design—while leaving fairly open how
this is accomplished.’
(Karat 1997)
The consequence of such general and non-speciﬁc
deﬁnitions of user-centred design is that it, in practice,
becomes a concept with no real meaning.
We have therefore identiﬁed a set of key principles1
for UCSD. The principles summarize our research
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results and experiences from software development
projects in a large number of organizations and projects.
They are based on principles speciﬁed elsewhere (Gould
et al. 1997, ISO 13407, 1999) and on our experiences
made from trying to apply UCSD in systems development projects using processes such as the Rational
Uniﬁed Process (Kruchten 1998). Our principles also
take into account the Scandinavian tradition of extensive user involvement in the development process
(Greenbaum and Kyng 1991) in some communities
known as participatory design. Other well-known
approaches such as contextual design (Beyer and
Holzblatt 1998), goal-directed design (Cooper 1999),
usability engineering (Nielsen 1993, Mayhew 1999) have
also contributed to the result.
Below we describe one of the projects that had
particular impact on the principles in that it was
conducted with the explicit goal to capture critical
success factors for UCSD.

.

.
.

standing of the needs of the users as well as their
future work practices;
Continuous iteration of design solutions. A cyclic
process of design, evaluation and redesign should
be repeated as often as necessary. The evaluation
process should include empirical measurement in
which tests are conducted where users perform
real tasks on prototypes. The users’ reactions and
attitudes should be observed and analysed;
Multidisciplinary design teams. Mainly achieved by
including a usability designer (Göransson and
Sandbäck 1999) in the process;
Integrated design. The system, the work practices,
on-line help, training, organization, etc. should be
developed in parallel.

The project decided to act in accordance with the
above principles.

3.1. Research methods
3. The project
The pilot project was an in-house development
project within the Swedish National Tax Board with
the purpose to develop a new computerized casehandling tool for administrators working with national registration. We were able to follow the project
from the very start. In the ﬁrst project meeting we
emphasized the importance of following a UCSD
approach and introduced our set of principles to the
project team.
These principles were speciﬁc for the organization and
had been identiﬁed in an earlier research eﬀort
(Gulliksen and Göransson 2001). They were:
.

.

.

We used an action research approach in the project,
i.e. our aim was to introduce changes in the development
process as regards user involvement and usability issues,
and to observe and record the outcomes of these
changes. Our activities included introducing a set of
UCSD principles as described above, and facilitating the
project team’s commitment to these principles. We also
facilitated collaborative prototyping activities with
users.
To observe the outcomes of the activities and actions,
we used qualitative data collection methods as described
below.
.

The work practices of the users control the
development. Early focus on users and tasks. The
designer must understand the users, their cognitive
behaviour, attitudes and the characteristics of
their work tasks. Appropriate allocation of function between the user and the system is also
important to prevent unnecessary control;
Active user participation throughout the project, in
analysis, design, development and evaluation. This
requires a careful user selection process emphasizing the skills of typical users, including both:
. work domain experts (continuously through
the development project);
. and actual end-users (for interviews and
observations as well as evaluation of design
results).
Early prototyping to evaluate and develop design
solutions and to gradually build a shared under-

.
.

.
.

observations of the work of the development
team, for instance, by continuously participating
in the project meetings of the software development team;
observations of the current work practices (mainly
paper-based) of the administrators working with
national registration;
semi-structured interviews based on open-ended
questions with software developers and user
representatives about their attitudes to and
experiences with working with users and usability;
semi-structured interviews based on open-ended
questions with users about their work;
continuous discussions with members of the software development team and representatives for
the current work practices to check possible
discrepancies in our interpretation of the observed
activities and actions.

Key principles for user-centred systems design
Meanwhile, we continued working with the principles.
As a result of intermediate ﬁndings in the pilot project
and ﬁndings in other, parallel, research eﬀorts we
modiﬁed the set of principles to cover the 12 key
principles described in this paper. The applicability of
these principles was then assessed in a number of
workshops with researchers and practitioners.

3.2. Results
As a result of the introductory meeting, the project
group decided to apply UCSD as deﬁned by the initial
set of principles.
We could not inﬂuence the choice and customization
of the development process – the organization had
recently shifted to using the Rational Uniﬁed Process
(RUP) (Kruchten 1998). We were, however, able to
introduce additional activities to complement the process
as needed, e.g. activities for performing a thorough user
and task analysis, for developing design solutions
iteratively and in cooperation with the users, and for
including a usability designer throughout the project.
One of the more successful events was a collaborative
prototyping activity in which the users could develop
their vision of the future system and work situation,
integrating a future system and future work practices
(ﬁgure 1).
These collaborative prototyping sessions were facilitated by a usability designer in cooperation with a
researcher. The users brought sketches illustrating their
own view of the future system as a basis for a
negotiation on the most appropriate design of the
system.

Figure 1. Collaborative prototyping in which the usability
designer facilitates the users’ production of mock-ups.
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Low-level prototyping tools were used since the users
regarded them as the most ﬂexible tool for their purpose
(ﬁgure 2).
Prior to the collaborative design sessions the usability
designer had conducted a user analysis and created
personas. According to Calde et al. (2002) user models,
or personas, are ﬁctional, detailed archetypical characters that represent distinct groupings of behaviours,
goals and motivations observed and identiﬁed during
the research phase. Cooper (1999) describes personas as
a tool for communication and design within the group
of designers, software developers, managers, customers
and other stakeholders. The purpose is not to give a
precise description or a complete theoretical model of a
user. Instead, it is aiming at a simple, but good enough
description of the user to make it possible to design the
system (ﬁgure 3).
From the software engineering side they had been
performing use case modelling to specify the detailed
requirements on the system. A use case speciﬁes the
sequence of actions, including alternatives of the
sequence, that the system can perform, interacting with
actors of the system (Jacobsson et al. 1999). Use case
modelling is today one of the most widely used software
engineering techniques to specify user requirements.
Uniﬁed Modelling Language (UML) is one of the most
common formal notations to describe use cases (Fowler
1997). Rational Uniﬁed Process (RUP) (Kruchten 1998)
builds heavily upon these techniques.
According to the users, the personas gave a much
more concrete picture of typical users than what came
out of the use case modelling sessions running in parallel
with the collaborative prototyping activities.

Figure 2. Low-ﬁdelity prototyping tools were used as these
were the most convenient for visualizing the future use
situation without limiting the design space.
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.

Figure 3. Personas were used to describe typical users. In this
example, the persona ‘Gudrun’ is described based on personal
background, the work setting, colleagues and contacts.

.
Halfway through the project all participants were very
satisﬁed with the activities so far and the results
achieved. The project was committed on all levels to
UCSD. The principles communicated the essentials of
UCSD very well.
From then on, however, there was a gradual
increase of problems and obstacles to the usercentred approach. Despite eﬀorts from our side and
from the project, the problems were never really
resolved. Some of them were outside the control of
the project.
The major problems in the project are brieﬂy
described below. The problems reﬂect why the initial
principles were not suﬃcient, and therefore each of the
problems is related to the subsequent deﬁnition and 12
key principles of User Centred Systems Design. The
outcome of the project can be compared with the
consolidated list of 12 key principles, and each problem
in the project maps well against one or more of the
principles.

.

No lifecycle perspective on UCSD. The developers
focused on short-term goals, such as, producing
models and speciﬁcations prescribed by RUP. The
long-term goals and needs of the users regarding
their future work situation were ignored or
forgotten. Moreover, towards the end of the
project, meeting the project goals and deadlines
became much more important than achieving
some sort of minimum level of usability. We
believe, that had the project decided to give the
usability activities higher priority than, for example, to develop absolutely all the functionality the
end result could have been a lot better, without
any of the missing functionality causing any big
problems in the long run. We emphasize the
importance of a lifecycle perspective in our
deﬁnition of UCSD in the next chapter as well
as in a number of the principles, for instance, the
user involvement principle and the usability
champion principle. The lack of lifecycle perspective also indicates that there was no real commitment to UCSD in the project which points to an
attitude problem;
Usability designers were ignored. Despite the
skilful and experienced work that the usability
designers performed, their results and their opinions were ignored in the later phases of the
project. The usability champion principle points
out that the usability champion/designer2 should
have the mandate to decide on usability matters.
The project ignoring the input of the usability
designer clearly indicates that this was not the
case;
Use case mania. When the project started, the
organization did not have enough experience with
use case modelling. The modelling went out of
hand and the results could not be used eﬃciently
in the development process. The project got
literally bogged down in use cases, but did not
really know what to do with them. The use case
mania indicates that there was a problem with user
focus in the project. Despite the confusion
regarding the use of the use cases, producing them
became more important than understanding the
users’ real needs;
Poor understanding of the design documentation. The design was documented in UML and
the users were invited to evaluate it. The users had
severe diﬃculties predicting their future use
situation based on the UML notation. One of
the users said that after having worked with use
case modelling, the collaborative prototyping was
like ‘coming out of a long dark tunnel’. The design
representation principle emphasizes the impor-
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.

.

tance of using representations that are easy to
understand for all the stakeholders, in particular
as regards the future work/use situation. UML is
clearly not suitable in that respect;
Major changes in the project. Halfway through the
project a strategic decision was made within the
organization, against our advice, to change the
technical platform and continue the development
in a web-based environment. The decision was
crucial in that it made it very diﬃcult to meet the
usability requirements. Insuﬃcient experience with
and expertise in the new technology as well as the
page metaphor in html created problems. The
decision was made with little or no attention to
usability matters. This indicates that there was a
problem with the attitudes to UCSD and usability
within the organization and a problem with user
focus;
Problems establishing a user centred attitude. Single individuals in a project can make a crucial
diﬀerence when it comes to UCSD. We noticed,
for instance, problems with resolving conﬂicts
between personal goals and business goals within
the project, on an individual level. Again, this
indicates that there was a problem with attitudes
and user focus in the organization. It also
indicates problems with the professional attitude
described in the principle on multidisciplinary
design.

This case describes how a project with explicit
intentions to apply UCSD, nevertheless ran into several
problems and obstacles that made it very diﬃcult to
pursue the UCSD approach. Our conclusion is that one
needs to be very speciﬁc about what it takes from the
process to comply with UCSD to prevent problems such
as the ones described in the pilot study.
Based on the results of the project, we concluded that
the principles listed in Gould et al. (1997) and ISO 13407
(1999) are not suﬃcient to maintain a UCSD approach
in a project or in an organization. We therefore modiﬁed
our initial set of principles to clearly indicate that it
takes much more to work in a user-centred fashion. We
have also run a number of workshops with researchers
and practitioners to discuss and conﬁrm the principles.
The resulting set is listed below together with a
deﬁnition of UCSD.
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cycle (ﬁgure 4). It is based on the following key
principles:
.

.

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 (Gould et
al. 1997, ISO 13407 1999). All members of a project
must understand the goals of the activity, the
context of use, who the users are, their situation,
goals and tasks, why and how they perform their
tasks, how they communicate, cooperate and
interact, etc. This helps in creating and maintaining
a focus on the users’ needs instead of a technical
focus. Activities, such as identifying user proﬁles,
contextual inquiries and task analysis, must be a
natural part of the development process. Make
sure that all project members have met real or
potential users, for instance, by visiting the workplace. Descriptions of typical users, tasks and
scenarios could be put up on the walls of the
project room/area to maintain a user focus;
Active user involvement – representative users
should actively participate, early and continuously
throughout the entire development process and
throughout the system lifecycle (Nielsen 1993,
Gould et al. 1997, ISO 13407 1999). The users
should be directly involved, both in the development project and in related activities, such as,
organizational development and designing new
work practices (Greenbaum and Kyng 1991). The
users must be representative of the intended user
groups. Plans for involving users should be
speciﬁed from the very start of the project.

4. Deﬁnition and key principles
User-centred system design (UCSD) is a process
focusing on usability3 throughout the entire development process and further throughout the system life

Figure 4. User-centred system design (UCSD) is a process
focusing on usability throughout the entire development
process and further throughout the system life cycle.

402

.

.

.

J. Gulliksen et al.
Identify appropriate phases for user participation
and specify where, when and how users should
participate.4 Emphasize the importance of meeting
the users in context, for instance, at their workplace;
Evolutionary systems development – the systems
development should be both iterative and incremental (Boehm 1988, Gould et al. 1997). It is
impossible to know exactly what to build from
the outset. Hence, UCSD requires an approach
which allows continuous iterations with users and
incremental deliveries. This, so that design solutions can be evaluated by the users before they are
made permanent. An iteration should contain a
proper analysis of the users’ needs and the context
of use, a design phase, a documented evaluation
with concrete suggestions for modiﬁcations and a
redesign in accordance with the results of the
evaluation. These activities do not have to be
formal. An iteration could be as short as half an
hour, as long as it contains all three steps.
Incremental development means that, based on
an overall picture of the system under development (SUD), priorities are set and the system is
divided into parts that can be delivered for real
use. Each increment is iterated as described above.
Evaluations of the increments in real use should
inﬂuence the design of the subsequent increments.
Let the software grow into the ﬁnal product;
Simple design representations – the design must be
represented in such ways that it can be easily
understood by users and all other stakeholders
(Kyng 1995). Use design representations and
terminology that are easily understood by all users
and stakeholders so that they can fully appreciate
the consequences of the design on their future use
situation. Use, for instance, prototypes (sketches
and mock-ups) and simulations. Abstract notations, such as use cases, UML diagrams or
requirements speciﬁcations are not suﬃcient to
give the users and stakeholders a concrete understanding of the future use situation (Mathiassen
and Munk-Madsen 1986, Bødker 1998). The
representations must also be usable and eﬀective.
The goal is that all parties involved share an
understanding of what is being built;
Prototyping – early and continuously, prototypes
should be used to visualize and evaluate ideas and
design solutions in cooperation with the end users
(Nielsen 1993, Gould et al. 1997). Use multiple
paper sketches, mock-ups and prototypes to
support the creative process, elicit requirements
and visualize ideas and solutions. The prototypes
should be designed and evaluated with real users

.

.

.

in context (contextual prototyping). It is essential
to start with low-ﬁdelity materials, for instance,
quick sketches, before implementing anything in
code. Start with the conceptual design on a high
level and do not move on to detail too quickly. If
possible produce several prototypes in parallel,
since this helps the designers in maintaining an
openness and creative attitude to what is being
built. Far too often the design space is unnecessarily limited by only sticking with the ﬁrst set of
designs produced;
Evaluate use in context – baselined usability goals
and design criteria should control the development
(Nielsen 1993, Gould et al. 1997). Critical usability
goals should be speciﬁed and the design should be
based on speciﬁc design criteria. Evaluate the
design against the goals and criteria in cooperation with the users, in context. Early in the
development project, one should observe and
analyse the users’ reactions to paper sketches
and mock-ups. Later in the project, users should
perform real tasks with simulations or prototypes.
Their behaviour, reactions, opinions and ideas
should be observed, recorded and analysed.
Specify goals for aspects that are crucial for the
usability and that cover critical activities as well as
the overall use situation;
Explicit and conscious design activities – the
development process should contain dedicated design activities (Cooper 1999). The user interface
design and the interaction design are of undisputed importance for the success of the system.
Remember that to the users the user interface is
the system. The design of the SUD as regards the
user interaction and usability should be the result
of dedicated and conscious design activities. The
construction of the SUD should adhere to that
design. Far too often, the UI and interaction
design ‘happens’ as a result of somebody doing a
bit of coding or modelling rather than being the
result of professional interaction design as a
structured and prioritized activity;
A professional attitude – the development process
should be performed by eﬀective multidisciplinary
teams (ISO 13407 1999). Diﬀerent aspects and
parts of the system design and development
process require diﬀerent sets of skills and expertise. The analysis, design and development work
should be performed by empowered multidisciplinary teams of, for instance, system architects,
programmers, usability designers, interaction designers and users. A professional attitude is
required and so are tools that facilitate the
cooperation and eﬃciency of the team;
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Usability champion – usability experts should be
involved early and continuously throughout the
development lifecycle (Kapor 1990). There should
be an experienced usability expert (usability
designer) or possibly a usability group on the
development team. The usability designer should
be devoted to the project as an ‘engine’ for the
UCSD process from the beginning of the project
and throughout the development process and
system lifecycle (Buur and Bødker 2000). The
usability designer must be given the authority to
decide on matters aﬀecting the usability of the
system and the future use situation;
Holistic design – all aspects that inﬂuence the future
use situation should be developed in parallel (Gould
et al. 1997). Software does not exist in isolation
from other parts of, for instance, a work situation.
When developing software for the support of work
activities, the work organization, work practices,
roles, etc, must be modiﬁed. All aspects should be
developed in parallel. This includes work/task
practices and work/task organization, user interface and interaction; on-line help; manuals; user
training, work environment, health and safety
aspects, etc. Other parts of the context of use such
as: hardware, and social and physical environments, must also be considered in the integrated
design process. One person or team should have
the overall responsibility for the integration of all
aspects;
Processes customization – the UCSD process must
be speciﬁed, adapted and/or implemented locally in
each organization. Usability cannot be achieved
without a user-centred process. There is, however,
no one-size-ﬁts-all process. Thus the actual contents of the UCSD process, the methods used, the
order of activities, etc, must be customized and
adapted to the particular organization and project
based on their particular needs. A UCSD process
can be based on a commercial or in-house
software development process, where activities
are added, removed or modiﬁed. Existing methods
and techniques may well be re-used, if they comply
with the key principles;
A user-centred attitude should always be established. UCSD requires a user-centred attitude
throughout the project team, the development
organization and the client organization. All
people involved in the project must be aware of
and committed to the importance of usability and
user involvement, but the degree of knowledge
may diﬀer depending on role and project phase
(Boivie et al. 2003). The key principles deﬁned in
this paper can serve as a common ground.
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The above 12 principles facilitate the development,
communication and assessment of user-centred design
processes for creating usable interactive systems, covering analysis, design, evaluation, construction and
implementation. Several beneﬁts come with applying
the principles, such as their help in maintaining the focus
on the users and the usability throughout the entire
development process. The UCSD poster is reprinted in
Appendix 1.
We fully appreciate that it will be more or less
impossible to implement all the principles in one
strategic shift. Adopting them gradually is probably
more feasible and practicable. It is, however, important
to comply with the principles to as high a degree as
possible at any point in time.

5. Tools for applying UCSD
The principles are, necessarily, general and rather
abstract in nature, and cannot be applied as is in
practice. We are therefore currently working on activity
lists, with potential tools and techniques, for each
principle. These lists will provide support for applying
the principles and help in understanding and assessing
them.

5.1. Activity list
The purpose of the activity list that accompanies
each principle is to elaborate on what it takes to apply
a principle. The activity list suggests activities of a
general nature alongside appropriate methods, tools
and techniques. The principles are general but the
activity lists should be developed speciﬁcally to ﬁt
each organization.

5.2. Complying with the activity list
The lists suggest activities and it is important
to evaluate the applicability of each activity within
the current project. If one chooses not to perform
a particular activity, it is important to make clear
why, and that all parties involved agree with the
decision. The activity list serves as both a To-do
list and a checklist, where each item can be
‘ticked oﬀ’. There are three options for each
activity:
.

No = we decided to not perform this activity. We
gave rationales for this decision and had a general
agreement on the motives;
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Yes = we performed this activity, in full or to the
extent that the project team and management,
found appropriate;
N/A = we found that this activity was not
applicable. The rationales for this were clearly
stated and agreed on. We have conducted other
activities to compensate for this.

Below is a draft activity list for the principle User
focus:

6. Application
In the pilot project described above, an initial
set of principles was used to deﬁne a UCSD
process. The consolidated list of principles was
subsequently used to identify mismatches between
the development process and a UCSD approach.
The deﬁnition and principles for UCSD can,
however, be used for a number of purposes as
listed below:
(a)

5.3. Activity list, tools and methods for the principle;
User focus
.

Vision, purpose goal and constraints of the target
activity analysed and understood by all project
members;
. Tools and methods: Goals analysis, Focus
groups;
. Identiﬁcation, description and prioritization of all
user groups;
. Tools and methods: User analysis, personas;
. Visualization and characteristics of target user
groups made available to everyone in the
project;
. Tools and methods: Decorate a project room
with artefacts, etc. that illustrate the users’
work situation, environment and characteristics;
. Potential limitations and restrictions in the users’
capabilities (for instance vision impairments or
language problems) are clear to everyone in the
project;
. The development team has focused on the needs of
target user groups;
. The users have expressed their impressions of
current system and expectations on future
system;
. Tools and methods: Users asked about good
things and bad things in their current work
situation, Think-out loud;
. Users observed as they were performing their
tasks in context;
. Tools and methods: Analysis of information
utilization, Context-of-use analysis, Field
studies, Contextual inquiry;
. Use situation documented;
. Tools and methods: Video and still camera,
scenarios, personas;
. Tasks analysed;
. Tools and methods: Task analysis;
. Copies of artefacts (forms, documents archives,
notebooks, etc.) used by the users collected.

Explanation model – to analyse and communicate why organizations, projects or processes
did not meet their goals as regards usability;
(b) Process development – for deﬁning a UCSD
process;
(c) Process/Organization customization – to customize or adapt an organization, project or
development process to UCSD, for instance, a
commercial development process, such as Rational Uniﬁed Process – RUP (Kruchten 1998).
Even though RUP prevents rather than promotes UCSD, it may be modiﬁed to integrate
some of its features (Gulliksen and Göransson
2001);
(d) Process/Organization assessment – to assess the
user-centeredness of an organization, project
or process. Using the principles to identify
mismatches, problems may be identiﬁed in
time to do something about them, which
increases the chances of producing a usable
piece of software;
(e) Knowledge transfer – to teach and transfer
knowledge about UCSD and to communicate
the basic philosophy of UCSD;
(f) Procurement support – support for procurers as a
basis for specifying requirements on the design
process as such;
(g) In client-contractor relations – the client can
demand that the contractor work in accordance
with the deﬁnition and key principles for UCSD.
At present, usability is often taken for granted.
Clients do not understand that it takes systematic work according to a UCSD philosophy to
achieve usability.

Our deﬁnition and key principles originate from
our experiences and research in contract and inhouse development of bespoke software for work
situations. We nevertheless see a potential for
applying them in other types of development
projects. Regardless of the project and the organization, the principles must always be adapted to the
context.
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7. Agile approaches and UCSD
Recently, agile approaches to software development
have gained a lot of attention. The rationale behind
the agile perspective is to shift the overall focus of
software development to a more agile or ‘lightweight’
perspective. This shift can be seen as a contrast to
more formal commercial processes. Agile is not a
single, well deﬁned process, instead, it is a generic
name for several diﬀerent processes or methods,
sharing a set of core ideas, values and principles of
software development. The principles are deﬁned in
the Agile Manifesto (Agile Alliance 2001). The most
well known of the agile processes is probably eXtreme
Programming, XP (Beck 2000).
What is interesting about agile methods is that they
are addressing some of the problems of the development process that we found in our research project.
For instance, the project focused on short-term goals
such as producing models and other artefacts while
loosing the overall goal of delivering a usable system.
Other problems include use-case mania and poor
understanding of the design documentation. Agile
processes emphasize the pragmatic use of light, but
suﬃcient rules of project behaviour and the use of
human and communication oriented principles (Cockburn 2002). Hence, people are more important than
processes and tools. Working software is more
important than comprehensive documents and model
building, Models and artefacts are only means of
communication; consequently prototyping and simple
design representations are preferred. Agile developers
argue that projects should be communication centric,
which implies that eﬀective human communication
with project members and users are important, e.g.
face-to-face is the ideal way of communicating within
a project and with users. Usually, there is a direct
collaboration with users and customers – preferably,
users and developers should sit in the same room
during development.
The problems with the agile approach, is that the
diﬀerent processes have not paid much attention to
usability and UCSD. The main focus of agile
methods is on delivering working software. This is
of course excellent, as usable software also must be
delivered and be working. But to get there, the
development is focused on making coding eﬀective
and there is a risk that usability issues get lost as
there is no explicit user-centred focus. Agile projects
include some roles that are supposed to work with
user interface design and user requirements, but this
is in most cases not enough. The whole project must
be committed to the importance of usability. Another
problem is that the users involved in the development
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are not always end users. Sometimes they are
customers or domain experts. The agile methods
seldom make a diﬀerence.
Agile processes do not themselves apply to all the key
principles of UCSD, but so far we have not seen any
reason why agile processes could not be customized or
adapted to UCSD.

8. Discussion/conclusions
The reader may ask why we have deﬁned yet another
set of principles for user-centred systems design, since
those existing are not used or do not work the way they
were intended. Below, we discuss some of the main
reasons why we believe a more precise deﬁnition of
UCSD is required.
Our pilot study shows that even with an explicit
commitment to UCSD and a usability focus, usability
may get lost in the software development process. Since
few projects have the explicit goal to produce systems
with poor usability, we believe that there are obstacles to
usability and user involvement in the actual development process. Such obstacles have been described in
numerous studies, for instance, Poltrock and Grudin
(1994) and Wilson et al. (1996, 1997). Our main concern
has therefore been to address shortcomings and
obstacles in the development process that derail the
focus on usability and users’ needs.
User-centred design (UCD) methods have gained a
great deal of attention recently. According to a recent
study (Vredenburg et al. 2002) the opinion is that
user-centred methods generally increase the utility and
usability of computer systems. However, the degree to
which organizations adopt UCD methods varies
signiﬁcantly. There is, according to the study, no
information on whether or not it is possible to save
time and resources by adopting UCD methods. Costbeneﬁt tradeoﬀs are, nevertheless, a key consideration
when adopting UCD methods (see for example
Donahue 2001) This calls for close integration of
UCD methods into the development process. Unfortunately, the most common approach is to perform
single usability activities using informal UCD methods
(Hudson 2001). Such an add-on approach to usability
increases the risk of its being cut out when deadlines
get tight. We believe that usability faces the risk of
becoming a sidecar problem – if somebody in the
project is pointed out as having the responsibility for
usability all others involved resign from their part of
the responsibility. Thus, cost-beneﬁt analysis may in
certain situations be used as an argument against
usability activities rather than for if they are not
tightly integrated.
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In a survey examining the attitude about strategic
usability (Rosenbaum et al. 2000) the authors identiﬁed
the following obstacles to UCD:
.
.
.
.
.
.
.

Resource constraints (28.6%);
Resistance to UCD/usability (26.0%);
Lack of understanding/knowledge about what
usability is (17.3%);
Better ways to communicate impact of work and
results (13.3%);
Lack of trained usability/HCI engineers (6.1%);
Lack of early involvement (5.1%);
No economic need – customers not asking for
usability (3.6%).

We believe that all of these factors are related to a
lack of knowledge on how to apply UCD methods and
their potential beneﬁts which provides another reason
for deﬁning and describing UCSD in more speciﬁc
terms.
Many organizations pay lip service to usability and
UCSD but seem at a loss as to how to achieve it. We
have studied organizations that claim that they are
committed to usability and UCSD but who are not
willing to change their practices in developing software.
The same problem applies on the individual level.
There is a growing concern among software developers
about the usability of the products or software they
release on the users. But they often do not know what
to do about it.
Yet another reason for a more precise deﬁnition of
UCSD is that many organizations still do not recognize
the beneﬁts of involving users in the development
process, despite the fact that active user involvement
was judged to be the number one criterion on how to be
successful in IT-development projects in the CHAOS
report (Standish Group 1995). Clegg et al. (1997), for
instance, report that most projects in their study had
failed to involve users in a satisfactory manner. Nor did
they adopt an integrated approach. The impact of new
technology on work organization and job design was
considered ‘. . .hugely important but largely ignored in
practice’ and if addressed, it was usually late in the
process and because it was discovered that the new piece
of technology was going to change job designs.
UCD has also been criticized on the grounds of its
being ambiguous and vague. Constantine and Lockwood (2002), for example, claim that UCD is a ‘. . .loose
collection of human-factors techniques united under a
philosophy of understanding users and involving them
in design. . .Although helpful, none of these techniques
can replace good design. User studies can easily confuse
what users want with what they truly need. Rapid
iterative prototyping can often be a sloppy substitute for

thoughtful and systematic design. Most importantly,
usability testing is a relatively ineﬃcient way to ﬁnd
problems you can avoid through proper design’ (Constantine and Lockwood 2002: 43). Their remedy is
‘usage-centred engineering’ where the emphasis is on the
usage, not the users, and on model-driven development.
We readily agree with the critique against UCD, but not
with the remedy. Model-driven approaches rely on
skilful designers/developers using abstract models of the
domain to base their design on. Model-driven approaches represent a move away from user-centred
design, reducing user involvement to that of the users
being informants rather than co-designers. We believe,
and argue in this paper, that user participation is a key
success factor for designing for usability (see also
Standish Group 1995, Gould et al., 1997, and ISO
13407 1999) and that software development needs to
move towards a user-centred approach rather than away
from it. Computer systems (in particular in a work
context) must support not only the oﬃcial rules and
version of the work practices but also the particularities
in each situation (Sachs 1995, Beyer and Holtzblatt
1998, Harris and Henderson 1999), which required a
deep understanding of the context of use. Few development teams have that understanding, and we believe
that writing requirements documents or creating abstract models is simply not enough to create that kind of
understanding. Only the users themselves can provide
that.
To summarize the above discussion, we believe that
user-centred systems design must be deﬁned in terms of
a process where usability work and user involvement are
tightly integrated with the development process. Adding
the key principles, furthermore, helps in communicating
the essence of UCSD where user involvement is an
essential part. By providing a more precise deﬁnition of
UCSD, we can also avoid problems with ambiguity and
vagueness and argue against the use of approaches that
are not user-centred.
Hence, the main aim of our deﬁnition and key
principles is to support the development process. This
can be achieved by incorporating roles, activities and
artefacts for maintaining a focus on usability and users’
needs throughout the entire system lifecycle. The
deﬁnition and key principles may also be used when
specifying a UCSD process or when customizing a
commercial development process, such as Rational
Uniﬁed Process – RUP (Kruchten 1998). The key
principles originate from our experiences and research
in contract and in-house development of bespoke software for work situations. We nevertheless see a potential
for applying them in other types of development projects.
Our research, as well as our experiences, show that by
applying the deﬁnition of and key principles for UCSD,
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the chances increase of identifying problems in time to
do something about them. Consequently, the chances of
producing usable software increase.
Finally, we would like to emphasize that what we
want to achieve is not simply yet another usability
method. We see UCSD as, a new paradigm requiring a
profound shift of attitudes towards systems development and user involvement. The attitudes that are
required for a truly user-centred approach are embodied
in the key principles.

Notes
1. A principle is a commonly accepted fundamental rule
or law that can be used to deﬁne other principles.
2. To us the usability designer is a role that has a clear
position in the development project (see for instance
Göransson and Sandbäck 1999). Usability champion
has more of a mentor status and is not a role that
somebody can shoulder. To be able to act as a
usability champion you must have extensive knowledge and experience of the work in practice and also
an ability to act as a mentor.
3. Usability is deﬁned as ‘the extent to which a product
can be used by speciﬁed users to achieve speciﬁed
goals with eﬀectiveness, eﬃciency and satisfaction, in
a speciﬁed context of use’ (ISO 9241-11 1998), Please
note that this deﬁnition includes the concept of utility
or usefulness, often seen as separate from usability.
4. Please note that involving users on a full-time basis in
a project quickly turns them into domain experts
rather than representative users. It is therefore
important to involve user representatives on a
temporary basis as well.
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BUUR, J. and BÖDKER, S. 2000, From usability lab to ‘design
collaboratorium’: reframing usability practice. Proceedings
of DIS 2000 (New York).
CALDE, S., GOODWIN, K. and REIMANN, R. 2002, SHS Orcas:
The ﬁrst integrated information system for long-term
healthcare facility management. Conference on Human
Factors and Computing Systems, Case studies of the
CHI2002/AIGA Experience Design Forum. (New York,
NY: ACM Press).
CLEGG, C., AXTELL, C., DAMODARAN, L., FARBEY, B., HULL, R.,
LLOYD-JONES, R., NICHOLLS, J., SELL, R. and TOMLINSON, C.
1997, Information technology: a study of performance and
the role of human and organizational factors. Ergonomics,
40(9), 851 – 871.
COCKBURN, A. 2002, Agile Software Development (Boston, MA:
Addison-Wesley).
CONSTANTINE, L. L. and LOCKWOOD, L. A. D. 2002, UserCentered Engineering for Web Applications. IEEE Software, 19(2), 42 – 50.
COOPER, A. 1999, The inmates are running the asylum: Why
high-tech products drive us crazy and how to restore the sanity
(Indianapolis, Indiana: SAMS).
DONAHUE, G. M. 2001, Usability and the bottom line. IEEE
Software, 18(1), 31 – 37.
FOWLER, M. 1997, UML Distilled. Applying the Standard
Object Modeling Language (Reading, MA: Addison Wesley
Longman Inc.).
GOULD, J. D., BOIES, S. J. and UKELSON, J. 1997, How to Design
Usable Systems. In M. Helander, T. K. Landauer and P.
Prabhu (eds) Handbook of Human-Computer Interaction
(Amsterdam: Elsevier Science B.V).
GREENBAUM, J. and KYNG, M. 1991, Design at Work:
Cooperative Design of Computer Systems (Hillsdale, NJ:
Lawrence Erlbaum Associates).
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Abstract
As a reaction to the complexity and rigor of commercial software development processes, “agile” software development methods have gained increasing attention. Agile
methods prioritize delivering working software over producing extensive models and
documentation. Agile processes focus on the people involved and the required interaction instead of on processes and tools. Furthermore, it emphasizes that responding
to the changes that invariably take place over the course of a project is more important than strictly adhering to a contract or plan. From the perspective of usability
and user-centered design, however, agile methods do not inherently provide the required support to the development process. This being said, the agile philosophy does
not prevent focusing on usability during the design process: in fact, the agile and
user-centered approaches have the potential to work very well together. This chapter
intends to describe the core principles of agile development and investigate to what extent usability-enhancing activities can be supported within the agile approaches. As a
conclusion, it will outline a model for integrating agile development and user-centered
design.
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Introduction

Developing interactive software is all about people: not only about the people that
will use the software, but also about those who develop it. Most developers of interactive software deliver some sort of enhanced support for end-users, and as such,
their knowledge about the users and the use situation is crucial to the outcome of the
process. Although there are numerous methods and techniques to capture information
about the users and tasks, it is the attitude and basic values of those who develop the
software that will inevitably make a difference in the results.
For some time now, one of the main ways of introducing usability and user-centered
design into systems development is to focus on the processes by which the systems are
designed and developed. The importance of this was stressed in 1991 by Liam Bannon
(Bannon, 1991):
“. . . more attention needs to be paid to the process of design, to working with
users in all stages of design, to see the iterative nature of design, and the changing
conception of what one is designing as a result of the process itself. This is in
contrast to a view of design that proceeds from a set of fixed requirements without
iteration, and without involvement of the users.”

More recently, it has been recognized that processes alone cannot guarantee usable
systems. Göransson, 2004, argues that systems that fit well into the workplace are
ultimately the product of some kind of user-centered development process and a usercentered focus during development. This means that the real users and their needs,
goals, context of use, abilities and limitations should be guiding development, instead
of development being driven by technology. Persson, 2003, opines that development
processes are mainly controlled by time and money, and that there is an increasing
trend to rely on whatever models and methods are currently in vogue. This approach
reflects the organization’s basic values, as well as a lack of awareness regarding the
consequences of various strategic decisions.
Agile approaches to software development (Agile Alliance, 2001; Cockburn, 2002;
Ambler, 2002; Highsmith, 2002; Fowler, 2003a), such as Extreme Programming, XP
(Beck, 2000), have recently received increasing attention. They place less emphasis
on the process and its deliverables, and center instead on the people involved and
their cooperation in order to produce results more quickly with reduced risk of failure
or delays. The driving force behind the agile perspective is to impart more agile or
‘light-weight’ qualities on software development.
One issue related to the various agile processes is that they do not sufficiently address usability and user-centered design (or UCD) concerns (Constantine and Lockwood, 2002; Hudson, 2003; Armitage, 2004; Jokela and Abrahamsson, 2004). ”The
main focus of agile processes is how to organize the required tasks to reach the overall goal of delivering working software. Delivering working software is obviously a
mandatory condition for any usable system. However, agile development focuses on
making coding more efficient, and usability issues can potentially fall to the wayside
since an explicit user-centered focus is lacking.
The overall focus of the agile approach is somewhat different from that of UCD.
Agile values and practices are concerned primarily with project management and team
organization in combination with detailed coding tactics. UCD, on the other hand, fo-
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cuses more on methods for usability design and evaluation. The two disciplines do
not target the same systems development issues. Nonetheless, both perspectives deal
essentially with the development of IT systems, therefore it is possible to compare the
approaches, at least to a certain extent. Furthermore, this similitude raises the question of to what extent agile approaches are user-centered. Is it possible to integrate
user-centered values and practices in agile processes? Can the two disciplines crosspollinate each other with new ideas and practices? User-centered processes could
benefit from becoming more agile and paying closer attention to internal project issues. In UCD, the people using the software are the focus (as they should be), but the
approach is less concerned with the individuals working on the project. Agile values
deal considerably with these issues, for example, team communication, individuals’
skills, overtime work and the developers’ responsibilities. These issues can be viewed
as a parallel to the discussions about user participation and empowerment that were
broached in the Scandinavian Tradition and Participatory Design (Ehn 1989).
This article is a first step towards bridging the gap between agile software engineering and UCD. As our perspective is spawned from the precepts of UCD, it is natural
to discuss the user-centeredness of the agile approach. This will be done by analyzing
the user-centered design qualities in the agile software development approach. Another topic we will cover is how to integrate the two perspectives – if at all possible.
A challenge inherent to this evaluation is that neither the agile approach nor usercentered design is comprised of a single, clearly-defined process. Agile is an umbrella
term for a number of different processes that share a set of core ideas on software development, as described concisely in the Agile Manifesto (Agile Alliance, 2001). The
best-known agile process is Extreme Programming, XP (Beck, 2000). User-centered
design is in a similar position. There is no agreed-upon definition of user-centered
design, however; Gulliksen et al. (2003b, also Chapter 2 of this volume) propose a
definition whereby where UCD is characterized by a set of 12 key principles.
It is beyond the scope of this article to compare specific agile processes with their
UCD counterparts. A first step is to analyze the essence of the agile and UCD approaches. Consequently, we will base the following discussion on the most primary
material on agile: writings/publications by Cockburn and Fowler, as well as the Agile
Manifesto. Though the discussion will be general, some concrete examples from Extreme Programming will be given, owing to its unique position in the agile community.
The main source on UCD is the key principles provided in Gulliksen et al. (Chapter 2
of this volume).
12.2

Software Development Risks – Reasons for the Agile Approach

The software engineering community has long been searching for a “silver bullet” to
solve the typical problems that are ubiquitous in systems development. Although if
we now realize that there is no such panacea, methods and processes have long been
regarded as one of the primary strategies to tackle these problems. Over the years,
various proposals for the ultimate process have come upon the scene– only to later
fade away.
The traditional approach to software development is to focus on extensive planning
and structured processes in order to mold development into an efficient and predictable
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activity (Boehm, 2002). According to the proponents of the latest trend in software
engineering, agile development, this approach is not the best strategy to employ for
successful software projects. Instead, agile developers call for a shift in the overall
focus to a more agile or ‘light-weight’ perspective. Below, we will summarize four of
the major problems in traditional software development that agile approaches attempt
to address.
12.2.1 Changeability
Systems development is variously affected by a number of external and internal changes.
These changes are either caused by new or evolving conditions during development,
or stem from the fact that not all requirements could be clarified early on in the development process. Such new or changing conditions may involve anything from volatile
technical or business conditions to updates in work tasks and organization. Introducing new or modified features after freezing the requirements specification is difficult,
time consuming and expensive. According to Boehm’s Life Cycle Cost Differential
theory (Highsmith and Cockburn, 2001, p.120), the costs related to reacting to changes
increase as the project develops. The problem is classical; for example, Brooks, 1987,
identified the changeability of software as one of the major software engineering difficulties. In addition, today’s development projects must contend with a higher degree
and speed of change that was introduced during the Internet era in the mid-nineties.
According to the CHAOS report (Standish Group, 1995), as many as 83% of all
projects fail in one way or another, e.g. cancellation, increased costs and delays.
Incomplete and changing requirements are among the most important problems for
impaired and/or challenged projects.
Generally speaking, changeability can be handled in two ways. One alternative is
to authorize few or no modifications once the requirements specification has been established. The drawback is that the system may be inadequate or outdated before it
has been launched. Another approach is to allow changes in the requirements specification. However, this will introduce the risk of changes that are difficult to cope with
in the development process, leading to delays and budget overrun, or even cancelled
projects. Since the latter scenario is far too common, many projects strive to freeze
the requirements at different junctures in the development process.
12.2.2 Software’s Complex and Intangible Nature
The waterfall model and similar traditional processes assume that we can predict
the complete set of requirements on a new system beforehand, if only we try hard
enough (Highsmith and Cockburn, 2001, p.120). The argument against exhaustive,
pre-prepared specifications is that systems consisting of software, people, organizations and hardware are often enormously complex, and consequently it is exceedingly
difficult to predict all requirements.
In reality, requirements are pervasive, dynamic and rarely well-defined. And even if
possible, traditional requirements analysis tends to be time-consuming. The difficulty
is also related to software’s intangible nature. In Brooks’ list of software engineering
difficulties (Brooks, 1987), he refers to this characteristic as the invisibility of soft-
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ware. The requirements stipulated by users are not always easy to specify since a
lot of the users’ knowledge is tacit. The problems in software engineering are often
considered wicked problems lacking an unambiguous solution (Poppendieck, 2002).
Consequently, systems are difficult to entirely specify in advance. Fowler, 2003a, describes the problem as follows:
Estimation of requirements and cost is hard for many reasons. Part of it is that
software development is a design activity, and thus hard to plan and cost. Part
of it is that the basic materials keep changing rapidly. Part of it is that so much
depends on which individual people are involved, and individuals are hard to
predict and quantify.

Another argument against specifying requirements in advance is that even if it were
possible to capture a complete set of requirements early on in the project, they will
probably change as the project develops. Half a year after the project starts, the requirements will most likely have changed.
12.2.3

Heavy Processes and Lack of Feedback

According to the agile approach, the true problem is the inability within the traditional software development methods to handle changes without causing delays and
increasing costs, and not the changes themselves as such. Prohibiting or restricting
changes leads to rigid systems that age quickly and are poorly adapted to the users’
current needs. Changes are inevitable, according to the agile proponents, and must
therefore be permitted and treated carefully throughout the system lifecycle (Highsmith and Cockburn, 2001, p.120). In addition to the above arguments, there exists
the business argument that we must be able to deliver product development according
to customers’ demands.
But why are traditional methods so ineffective at managing change? According to
Boehm, 2002, traditional methods can be characterized as plan-driven because they
focus on extensive planning and structured processes to make development into an
efficient and predictable activity. According to the agile proponents, however, this
approach does not work well in a world characterized by rapid changes.
Engineering methods tend to try to plan out a large part of the software process in
great detail for a long span of time; this works well until things change. So their
nature is to resist change.
(Fowler, 2003a)

Since specifying requirements is such a problematic process in a changing world,
other mechanisms are needed to specify a system, such as requirements that grow
over time through feedback from the development work. Traditional development processes tend to have lengthy feedback cycles. Extended periods of time are dedicated
to planning, documentation of requirements, and modeling. A considerable amount
of development time will elapse before the software reaches a state in which it can be
exposed to the users. Feedback from users on what is being developed is thus far too
slow in coming. At the worst, feedback will not arrive until the project is completed
and the system has been delivered. It is only then, that the crucial discovery is made
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that the requirements specification was erroneous and that the system does not match
the user’s task.
12.2.4 Process Focus
The problems inherent to software engineering were discovered long ago (Brooks,
1987), but many of them still remain. The findings from the Standish Group (Standish
Group, 1995), reporting that an average 83% of all projects fail in one way or another, are an indicator thereof. Methods and processes have always been important in
managing the problems, mainly processes that are disciplined, engineering oriented,
predictable and repeatable. There is a belief that such processes can solve all problems. This has led to an increasing focus on the process per se, and following a process
has come to be recognized as one of the key success factors. Fowler, 2003a, criticizes
the heavy focus on processes:
Methodologies impose a disciplined process upon software development with the
aim of making software development more predictable and more efficient. They do
this by developing a detailed process with a strong emphasis on planning inspired
by other engineering disciplines. The most frequent criticism of these methodologies is that they are bureaucratic. There’s so much stuff to do to follow the
methodology that the whole pace of development slows down.

Modeling is an essential part of today’s software development. But according to
Cockburn, 2002, thinking of software development as model building leads to an inappropriate focus, since the interesting parts of what we want to express are not captured
in models. Models are useful in many ways, but cannot serve as an overall metaphor.
Fundamentally speaking, software development is not model building. A model is a
medium of communication, and is sufficient as soon as it permits others to move on
with their work.
Software development processes are not truly repeatable. Furthermore, software
development has much more to do with individual skill and adaptability than strictly
following plans and process descriptions. Predictable processes require components
that behave in predictable ways. However, people are not quite as predictable and
display significant differences from one to the next. Too often, the problem is that
methodology has been opposed to the notion that people are the first-order factor in
project success (Fowler, 2003a).
12.3

Characteristics of Agile Development
“For many people the appeal of these agile methodologies is their reaction to
the bureaucracy of the monumental methodologies. These new methods attempt
a useful compromise between no process and too much process, providing just
enough process to gain a reasonable payoff.”
(Fowler 2003a)

Various solutions to the problems inherent to software engineering have been proposed over the years. One current trend that started in the 1990s is based on the
idea of developing software using a more “light-weight” or agile approach. This
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trend can be seen as a response to more traditional software processes. Not all concepts in the light-weight processes were completely new; they had been practiced in
a number of projects for some years already (Abrahamsson et al., 2003). For example, pair programming was a well-established practice prior to XP (Constantine
and Lockwood, 2002). The ideas originated primarily from practical development
projects, and not from theoretical studies. These new methods gradually evolved into
a number of different software development processes, including Extreme Programming (Beck, 2000), SCRUM, DSDM, Crystal and Lean Development (Abrahamsson
et al., 2003; Highsmith, 2002). XP is in a unique position, in that it has attracted the
most attention and is better known than “agile” overall.
An important step was taken in 2001. A group of leading software methodologists gathered in Snowbird, Utah, USA, to discuss light-weight development practices
(Cockburn, 2002; Fowler, 2002). Those assembled included Kent Beck, Alistair Cockburn, Ward Cunningham, Jim Highsmith and Ken Schwaber. To support their ideas on
light-weight software development, the group agreed to describe the lowest common
denominator, in the form of four core values and twelve other principles expounded
in greater detail. They did not ultimately succeed in agreeing on a more detailed level
– detailed project tactics. They did, however, conclude that this was in fact advantageous in order to foster the development of competing software processes. For the
same reason, they agreed not to create a “unified light methodology.” These values
and principles constitute the Agile Manifesto (Agile Alliance, 2001), in which the
term “agile,” instead of light-weight was adopted.
Consequently, agile is not a distinct, well-defined process. Instead, it is a generic
term and common ground for several different processes or methods, each sharing a
set of software development core ideas, values and principles. In order to describe the
gist of agile development without describing each and every agile process, a natural
place to begin would be the content of the Agile Manifesto.
The four key values of agile software development (Agile Alliance, 2001) are described below. According to the agile founders, these values are not antithetical to
other approaches to software development. Each of the following values should be
interpreted thus: “while there is value in the items on the right, we give preference to
the items on the left.”
1. Individuals and Interactions over processes and tools.
It is people, not processes and tools, who develop software. Therefore, each individual’s skills and interpersonal communication are crucial – dialoging faceto-face is the most effective way to communicate (Cockburn, 2002). Pair programming, for example, is a result of this.
2. Working Software over comprehensive documentation.
Requirements, documents, models and other intermediate products are only pertinent as means of communication during development. Although they can be
highly practical, they should only be worked on as long as they serve a purpose
in delivering working and useful software (Cockburn, 2002).
3. Customer Collaboration over contracted negotiation.
This value describes the relationship between the people who want the system,
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and those who are building it. Successful projects involve systematic and frequent customer feedback. Instead of depending solely upon contracts, the customers work in close collaboration with the development team – if at all possible, customers and developers should work in the same room during the project.
4. Responding to Change over following a plan.
Plans are useful in software development, and each of the agile methods includes planning activities. The agile approach advocates planning for and adapting to changes, as opposed to prescribing strict conformity to a plan in every situation (Cockburn, 2002). This is necessary because the prerequisites for most
systems will evolve during development. Moreover, the initial requirements will
be influenced by the fact that communication between people is always more or
less incomplete.
Agile developers do not deny the value of engineering- or model-based methods
of software engineering. However, they do believe that the answers to successful
software development have much more to do with craft, community, pride and learning. The essence of agile is the pragmatic utilization of light, but sufficient, rules of
project behavior and the use of human- and communication-oriented rules (Cockburn,
2002). Agile developers embrace individual skills, communication, swift adaptation
to change and delivering working, useful software. They are trying to strike a balance
between a pragmatic, soft approach and a non-rigorous, sufficient use of engineering
methods.
The agile values are described in greater detail by the twelve principles below (Agile Alliance, 2001):
1. The highest priority is to satisfy the customer through the early and continuous
delivery of valuable software.
2. Welcome changing requirements, even late in development. Agile processes
harness change for the customer’s competitive advantage.
3. Deliver working software frequently, from every few weeks to every few months,
with a preference for the shorter timescale.
4. Business people and developers must work together daily throughout the project.
5. Build the projects around motivated individuals. Give them the environment
and support they need, then trust them to get the job done.
6. The most efficient and effective method of conveying information to and within
a development team is a face-to-face conversation.
7. Working software is the primary measure of progress.
8. Agile processes promote sustainable development. The sponsors, developers
and users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
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10. Simplicity — the art of maximizing the amount of work not done — is essential.
11. The best architectures, requirements and designs emerge from self-organizing
teams.
12. At regular intervals, the team reflects on how to become more effective, then
readjusts its behavior accordingly.
These four values and twelve principles constitute the Manifesto’s definition of
agile software development. However, in order to understand the essence of agile, this
definition requires greater precision. Other definitions could help to achieve a broader
understanding.
According to Lindvall et al., 2002, agile methods can be defined as:
Iterative – Delivers a full system initially, then changes the functionality of
each subsystem upon each subsequent release.
Incremental – The system, as specified in the requirements, is partitioned into
smaller subsystems by functionality. New functionality is added upon each new
release.
Self-Organizing – The team has the autonomy to organize itself in order to best
complete the work items.
Emergent – Technology and requirements are “allowed” to emerge through the
product development cycle.
Boehm and Turner, 2003, characterize agile methods by four main categories: application, management, technical and personnel (Table 12.1).
12.3.1

Extreme Programming

As Extreme Programming has a unique position in the agile community, a concise
description of XP should interest those who are unfamiliar with it. Because there are
also some examples from the XP process in the subsequent parts of this chapter, a
cursory understanding of it and some related key concepts would be beneficial.
Constantine and Lockwood, 2002, gives the following brief description of XP:
“The rules of the agility game are relatively simple. Work in short release cycles.
Do only what is needed without embellishment. Don’t waste time in analysis or
design, just start cutting code. Describe the problem simply in terms of small,
distinct pieces, then implement these pieces in successive iterations. Develop a
reliable system by building and testing in increments with immediate feedback.
Start with something small and simple that works, then elaborate on successive
iterations. Maintain tight communication with clients and among programmers.
Test every piece in itself and regression test continuously.”

A user story is a short textual description of something that the customer wants the
system to do. User stories are a very high-level requirement, and should as such be
testable (Beck, 2000). They are usually written by customers/users on index cards.
A story is first written in succinct terms, along with its name and purpose. It is a
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Table 12.1

Boehm and Turner, 2003, characterization of agile methods

Characteristic
Application
Primary Goals
Size
Environment
Management
Customer Relations
Planning and Control
Communications
Technical
Requirements
Development
Tests
Personnel
Customers
Developers

Culture

Description as Pertaining to Agile
Rapid value, responding to change
Smaller teams and projects
Turbulent, high change, project focused
Dedicated on-site customers, focused on prioritized increments
Internalized plans, qualitative control
Tacit interpersonal knowledge
Prioritized informal stories and test cases, undergoing unforeseeable change(s)
Simple design, short increments, refactoring is assumed
to be inexpensive
Executable test cases define requirements, testing
Dedicated, collocated, collaborative, representative, authorized, committed, knowledgeable performers
At least 30% highly skilled; no developers with belowaverage skills (this is a rough approximation based on values from Boehm and Turner’s model of developer skills)
Comfort and empowerment via many degrees of freedom
(thriving on chaos)

driver for the rest of the development effort and is elaborated if needed during the
project. Stories are divided into tasks that are in turn implemented in code. Automated
functional tests are later run to verify that the story is wholly and accurately reflected
by the code’s behavior. Functional or acceptance tests are written in cooperation with
customers.
Refactoring is the method of changing a piece of software in such a way that it
does not alter the external behavior of the code, yet improves its internal structure
in areas such as simplicity, flexibility, understandability or performance (ibid). In
XP, the activity of programming is regarded as a technical design process (not to be
confused with user interface design), where a particular feature is implemented in the
system. Once the feature has been implemented and the code verified by tests, the
code must be improved through refactoring. Ideally, refactoring should not change
the implemented feature’s external behavior. This is measured by running a series of
prewritten automatic test cases. If the test cases are still running, the external behavior
is unchanged.
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Testing is an essential activity in XP, and it is preferably automated in order to
fast-track development. An automated test case runs without human intervention and
checks that the code calculates the excepted values (Beck, 2000, p.177). There are
several categories of tests, each serving a different purpose. Unit tests are used to
verify code units. Functional or acceptance tests are specified by the users/customers
and are used to verify a user story in its entirety.
12.4

User-Centered Design

User-Centered Design (UCD) is a way to consciously work towards producing systems that are highly usable and meet the expectations and needs of their real users.
Unfortunately, UCD has become a buzzword in software development, denoting some
vague sort of quality, but for most people meaning an approach to development that
involves iterative design and user involvement (e.g. ISO/IEC, 1999, or Gould et al.,
1997). The problem with such a vague definition of the concept is that more or less
anyone can state that their product follows the tenets of user-centered design – without
having to make any commitments about what to do or even knowing what it actually
means. This confusion was epitomized by John Karat in a proposal whereby any approach focusing on producing usable systems, iterative design and user involvement
can be considered as UCD (Karat et al., 1996). The consequence of this can be a
process that in itself involves little or no active user participation, as is manifest in the
following quotation:
“A user-centered design process is one that sets users or data generated by users
as the criteria by which a design is evaluated or as the generative source of design
ideas.”
Dennis Wixon, cited in Karat et al., 1996

To resolve these issues, Gulliksen et al. (Chapter 2 of this volume,) have defined
user-centered systems design as:
“. . . a process focusing on usability throughout the entire development process
and further throughout the system lifecycle. It is based on the following key principles”:

User Focus – The goals of the activity, the work domain or context of use, the
users’ goals, tasks and needs should all guide the development from the very
beginning.
Active User Involvement – Representative users should actively participate, early
on and continually, throughout the entire development process and system lifecycle.
Evolutionary Systems Development – The systems development should be both
iterative and incremental.
Simple Design Representations – The design must be represented such that it
can be easily understood by users and all other stakeholders.
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Prototyping – Early on and continuously throughout, prototypes should be used
to visualize and evaluate ideas and design solutions in cooperation with the end
users.
Evaluate Use in Context – Base-lined usability goals and design criteria should
control the development. Evaluate the design against the goals and criteria in
cooperation with the users, in context.
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. A professional attitude is required, as are the
tools that facilitate the team’s cooperation and efficiency.
Usability Champion – Usability experts should be involved early on and continually throughout the development lifecycle.
Holistic Design – All aspects that influence the future use situation should be
developed in parallel.
Process Customization – The UCD process must be specified, adapted and/or
implemented locally in each organization.
A User-Centered Attitude should always be established.
To be equally clear about their understanding of the usability concept, Gulliksen
et al., 2003b (also Chapter 2 in this volume) refer to ISO 9241-11’s definition of usability, given below:
“. . . the extent to which a product can be used by specified users to achieve specified goals, with effectiveness, efficiency and satisfaction in a specified context of
use.” (ISO/IEC, 1998)

The purpose of such a definition is to provide further guidance to stakeholders who
wish to orient their process towards focusing on users and usability. This chapter
will, in its discussion of the agile approaches, adhere to this perspective of what usercentered design is or should be.
There exist several user-centered processes that are more or less complete and with
varying interpretations of UCD, such as Contextual Design (Beyer and Holtzblatt,
1998) and the Usability Engineering Lifecycle (Mayhew, 1999). Two other UCDrelated processes are Goal-Directed Design (Cooper, 1999) and Usage-Centered Design (Constantine and Lockwood, 2002). The latter process emphasizes models and
‘usage.’
12.5

User-Centered Design Qualities in Agile Development

Is there support for a user-centered design approach in agile software development, or
do agile methods prevent focusing on usability and the users’ needs? This question
highlights a potential problem with the various agile processes: they are not explicitly

Model for Bridging Agile Development and User-Centered Design

229

concerned with users, usability and user-centered design. Nevertheless, there may be
other aspects in agile processes that implicitly support UCD or facilitate integration
with user-centered methods. It is therefore necessary to examine to what degree the
user-centered approach is either promoted or hindered by agile values, principles and
practices.
As stated in the Introduction, this analysis is based on the set of twelve key principles of user-centered design that was presented in Chapter 2. We have compared each
principle with the values and practices prescribed in agile development and analyzed to
what extent the principle is either supported or prevented. The results are summarized
and discussed below. The agile view is mainly based on writings by Cockburn, Fowler
and Beck, as well as the Agile Manifesto. Until now, only a few articles concerning
the issue of agile software development and UCD have been produced, namely Constantine and Lockwood, 2002, Hudson, 2003, Kane, 2003, Armitage, 2004, and Jokela
and Abrahamsson, 2004. These articles are also included in the following discussion.
12.5.1

Project Organization and the Roles of Usability People

In many respects, the agile approach is concerned with strategies for effective teamwork, project management and organization culture. In contrast, UCD is less concerned with these issues, even though these issues are targeted by the UCD principles
of professional attitude, usability champion and process customization. The agile values regarding ‘individuals and interactions’ and ‘customer collaboration’ have many
implications in this area. For example, the following values are also considered important in UCD:
Communication between people is essential, i.e. face-to-face conversations are
preferred.
Build projects around motivated and skilled individuals; trust them and give
them the support and the environment they need.
Cooperation and responsibilities for business people and developers is vital.
Promote sustainable development. The people involved should be able to maintain a constant pace without burning out (e.g. in XP projects, people should
normally work no more than 40 hours a week and should have fun at work in
order to perform at their best).
The project should be organized into small, effective, multi-disciplinary teams,
where collaboration and communications are present on all levels. Self-organizing
teams yield the best results.
The team should reflect on how to become more effective and fine-tune its behavior at regular intervals, if needed.
A direct result of valuing people, skills and teamwork is empowering the various
roles in a project to make decisions and take responsibility for their area of profession. For example, programmers are the best placed to decide on technical matters,
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business people should be responsible for business matters, etc. Analogous with this
thinking, projects should have skilled usability experts with the authority to rule on
matters affecting usability during the system life cycle. In practice, however, many
agile processes have a narrow view on what competencies are needed in a system
development project. The roles of programmers, business people and customers are
usually filled, but interaction designers and other usability experts are routinely overlooked. Although roles to work with use cases and user interface design/programming
are defined for some projects, customers (not necessarily end users) often contribute
by providing user stories, reviewing use cases and writing acceptance tests. Their input
then becomes the source for the developers when designing the system’s user interface.
Without specialists devoted to the design and evaluation of usability, as well as related
activities such as writing help systems and training material, the chances of producing
usable systems are slight. This is a serious weakness affecting most agile processes.
The lack of awareness is probably due to an inadequate grasp of the importance of
usability. Heightened awareness of usability matters could lead to the basic values of
agile promoting the UCD principle that states that the development process should be
performed by empowered multidisciplinary teams, including usability champions.
12.5.2 User Participation
A key UCD principle is that users should be actively involved when designing the
system. The agile approach comprises a number of values that can promote active involvement. Agile developers value people, communication and pragmatic collaboration with different stakeholders, which should include users or customers. In practice,
these values emphasize the following:
The participation of users (or customers) in the development process is the most
effective way of communicating the users’ needs to the developers. Users and
developers should preferably be co-located in order to take part in the work.
Extreme Programming captures user needs through user stories. Other agile
processes opt for use cases instead.
Users test software on different levels. Frequently delivering software increments makes it possible for users to evaluate the software under real conditions.
It is ultimately people, not processes and tools, who create working software.
These practices sound promising from a UCD standpoint. However, a common
stumbling block is that agile processes seldom distinguish between customers and
users – all too often, they are regarded as one and the same. For this reason, the agile
approach pays too little attention to the end-users and their roles in the development
process. According to Armitage, 2004: “. . . the agile community rarely mentions
users or user interfaces at all, which means that either they neglect the user experience
or are focusing on projects with less need for sophistication in user experience.”
Customers/users participate in agile development by writing and prioritizing system features (known as user stories in XP) and specifying acceptance tests. Users can
express what they need to a certain extent, but on their own, it is difficult for them to
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actually design a new system. User stories or use cases, which are often used to specify user needs, fail to capture many aspects of user interaction. Hudson, 2003 (pp.2-3),
summarizes a number of problems with the agile approach to user participation:
Too little user participation
Users are not customers
The challenge of selecting the right users to work with (i.e., distinguishing between typical and atypical users)
Users and tasks in a context
By letting the users write their user stories themselves, there is a risk that the developers will transfer the responsibility of the system’s usability to the users/customers
(Jokela and Abrahamsson, 2004).
Even if confusion often arises between the different roles of users and customers,
Beck, 2000, p.143 suggests that the best customers are those who will actually use the
system. Therefore, nothing in the agile philosophy prevents the active involvement of
real, typical users.
12.5.3

Simple Design Representations

The values espoused by proponents of the agile approach promote communication
and simplicity. Communication between project team members is therefore essential.
Simplicity emphasizes the need to minimize unnecessary work, e.g. never produce
artefacts for their own sake. Models and other design representations are seen as
valuable means of communication between people in a project, otherwise they are
considered to be pointless activities. This is in accordance with the use of concrete
and simple UCD design artefacts, such as sketches, mock-ups and paper prototypes.
On the other hand, showing abstract notations such as UML diagrams to the user
should be avoided. This does not imply that model-based approaches are invalid,
however. Constantine and Lockwood, 2002, opines that a model-based approach is
necessary for developing usable systems with agile methods. Agile modeling (Ambler,
2002; Highsmith, 2002) is another approach that emphasizes modeling, as suggested
by its name. A risk inherent to modeling approaches is that the project’s focus will
shift towards producing models instead of producing a usable working system; a risk
that agile processes strive to eliminate. One example is the use case mania reported
by Gulliksen et al., 2003b, (Chapter 2 of this volume). Furthermore, models are by
definition a simplification of the real world, and as such carry the risk that important
information such as the context of use will be overlooked.
12.5.4

Evolutionary Systems Development

Evolutionary systems development, i.e., development that is iterative and incremental,
is a fundamental part of agile processes. The primary objective is to manage change
in the development process, which is expressed in the fourth agile value: Responding
to change over following a plan. Responding to change is also an essential element of
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user-centered design. Evolutionary design, along with prototyping, provides support
for the need to respond elegantly to change, which is also in keeping with the agile
values.
It is important that users be involved in the evolutionary process. In agile development, the customers/users are the main source for the system’s design; in XP, for
example, customers write user stories. Because working increments of software are
finished and tested on a frequent basis (such as every few days or weeks), providing
feedback on the usability of the end system by both users and developers is facilitated.
In longer iterations (such as every few months), parts of the system are delivered and
deployed at the target environment, providing the opportunity to test under real conditions. The feedback generated from the hands-on experience with the real working
system (or parts thereof) benefits developers and users alike in their understanding of
the system under development, user interaction and context of use.
Many agile processes rely on very short iterations that range from hours to days
or even weeks. However, according to Armitage, 2004 (p.18), there is a difference
between how iterative development is used in agile processes and UCD, respectively:
“. . . while iterative design [in UCD] typically seeks to model, assess, and revise larger
systems at low and high fidelities, XP builds and releases smaller systems strictly at
extremely high fidelities.”
Two reasons for this dissimilarity are the methods of automated testing and refactoring. Automated testing is a prerequisite for rapid development in agile processes,
and involves completing tasks such as verifying refactored code. Refactoring is a
method in which a piece of software is changed, preferably without altering the features’ external behavior (described previously). The extent to which external behavior
has been affected is measured by running a series of prewritten automatic test cases.
However, doing so only verifies functions that lend themselves to automatic testing
– which is rarely the case for usability measurements. This means that a refactored
piece of program may have changed its appearance or interactive behavior from its initial design, which complicates maintaining a coherent usability design. Also, due to
its automated nature, this type of testing is not very useful when evaluating usability.
According to Constantine and Lockwood, 2002, automated user-interface testing is
difficult, if not impossible, except at the most elementary level. Unfortunately, testing
user interfaces is labor intensive and time consuming, as compared to automated tests.
Automated functional tests and customer acceptance tests need to be complemented
by explicit usability evaluations, either separate from or integrated with the other tests.
However, such evaluations can also introduce new issues, of which Kane, 2003, identifies three different scenarios:
1. Conducting usability testing at the end of the development process means there
is a risk of having inadequate time and resources to respond to the usability
issues raised in the testing.
2. Performing usability acceptance tests early on in the process has the potential
side-effect of introducing usability defects in later iterations, since there is no
regression usability capability like there is for feature validation.
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3. Attempting to carry out usability tests as frequently as feature acceptance tests
will drive costs to exorbitant levels.
In sum, one of the strengths of agile practices and their focus on iterative and incremental development is the possibility to test real software in real settings, such as
at the users’ workplaces. Tests can be carried out at different levels, from simple evaluations of paper prototypes to full-scale beta testing. However, in order to validate
that the system fulfills the specified usability goals, the evaluation must be performed
methodically, with real end users, and in the proper context. Real usability evaluations
must be completed in addition to the usual software/acceptance tests. The acceptance
test that is used in XP, for example, does not usually fulfill these conditions.
12.5.5

Big Design Up Front Versus Evolutionary Development

Another recurring debate focuses on evolutionary development versus the so-called
heavy or Big Design Up Front (BDUF) development, where all aspects of the system’s usability are tackled and resolved in an early and explicit design phase. The
agile design process minimizes the big design up front and relies instead on repeated
refinements to shape the user interface. Armitage (2004, pp.20-21) argues for the agile
evolutionary approach in order to handle change:
“The effort to eliminate changes to requirements has always been a losing battle [. . . ] The more work that is done on a project, the more the project context
changes. Agile methods seek to benefit from the intelligence of experiencing the
real product’s existence, and the sooner the better. Design, conversely, aims to
predict what the entire product will be before it exists. Proponents of heavy upfront design, such as Alan Cooper, claim that adequate product intelligence should
reside in a specification. This can be true, but in cases where technology is new
or untried, requirements are volatile, the domain unfamiliar, or the complexity
immense, it can be too risky to heavily invest in assumptions without adequate
‘reality checks’.”

However, there are also arguments against the more radical processes based upon
evolutionary design:
“The most critical shortcoming of nearly all techniques that are based on iterative
expansion and refinement in small increments is the absence of any comprehensive overview of the entire architecture. For internal elements of the software, this
shortcoming is not fatal, because the architecture can be refined and restructured
at a later time. [..] User interfaces are a different story. [. . . ] Iterative prototyping is an acceptable substitute for thorough UI design only when the problems
are not too complicated. We need a more sophisticated model-driven approach.”
(Constantine and Lockwood, 2002)

Although agile processes devote very little time to an explicit design phase and
BDUF, there are nevertheless a few activities that also support the design of a more
holistic view of the system’s usability:
Users participate to various degrees in the development, which makes it possible
for them to point out many aspects of their tasks/work practices, work context,
need for training, etc.
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Iterative development and responding to change. Many aspects that influence a
system under development are complex or tacit, and therefore difficult to specify
in advance. The depth of understanding of the users and their work will grow
during development. Software that is tested or used under realistic conditions
will enhance understanding even further. It is then possible to evaluate and
comprehend a fuller range of aspects affecting usability, and generate feedback
to the next development iteration. A process that is flexible to changes after the
initial specification is advantageous.
However, without explicit and coordinated usability design activities, the agile approach is generally insufficient. There is a critical risk that many elements that are
not obvious parts of the user interface (context of use, user diversity, health and safety
aspects, social environments, user training) will be overlooked during development.
Although certain aspects are possible to detect and address through iterative and incremental development methods, there is still a need to design and coordinate the
system’s usability.
A similar problem related to agile processes is the lack of methods to determine
and specify usability goals that can direct the iterative development effort. Agile processes do not entail an explicit analysis of usability goals, regardless of the users’
(or customers’) participation in the development effort. It is also unrealistic to expect
users to elaborate detailed accounts of their needs, while working more or less on their
own. Usability designers are required to perform an in-depth analysis with users, and
transform the information they collect into usability goals and design criteria. The
techniques employed in agile processes in order to capture the users’ needs, for example, user stories in XP (Beck, 2000) and use cases in Crystal (Cockburn, 2002)
are too coarse to define many usability goals. For example, Jokela and Abrahamsson,
2004, reported on a study of a typical XP project, where user stories proved to be
more or less functional requirements without any explicit analysis of the users’ goals.
These techniques failed to capture many significant aspects of the full context of use.
Hudson, 2003, identified a number of these shortcomings as follows:
Would real users do that?
How would they know?
Where does that information or understanding come from?
Is the required behavior consistent?
Does the story fit in with their work flow?
Is it reasonable to expect that the whole story can be completed without interruption, or is greater flexibility required?
At best, the UI design is developed iteratively by skilled designers and users. At
worst, the design is the fortuitous result of someone simply writing some code then
refactoring it. As a general rule, agile processes leave out dedicated techniques and
activities for usability design. There is rarely a specialized role in the team with the
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skills and responsibility to coordinate the interaction design work. The upshot is that
usability design lies in the hands of the customers/users and the developers. Users are
supposed to know what features they want, prioritize them, then inform the developers
(e.g. by writing user stories). Users can often express what they need, but it is more
challenging for them to devise solutions for how the system should support their tasks,
or attempt to design the user interface itself. An even worse case arises if the real users
are replaced by “customers” who will not be using the software. The real users need
to participate in the design process alongside usability people.
12.5.6

Prototyping

Although there reigns a positive attitude towards prototyping in the agile community,
prototypes are not a fundamental driver of design. Instead, agile processes rely heavily on iterative and incremental methods and focus on delivering working software.
This is not contradictory—iterative development and prototyping work well together.
Finely-incremented software can, of course, be seen as a sort of prototype, especially
because it is allowed to change. However, using prototyping as a means to increase the
understanding of usage and design user interfaces is not a common tradition in agile
practice.
Agile processes value simplicity, which obviously applies to the use of models and
prototypes in the development process. Methods that are sufficiently straightforward
in order to develop and evaluate prototypes are preferred. The important aspect of
prototypes (and other models), as far as agile processes are concerned, is that they are
a medium of communication, and are adequate as soon as they enable developers to
move on with their work (Cockburn, 2002).
Simple prototypes, such as those presented on paper, are a well-established tool
in UCD (Gould et al., 1997) and are also used in some agile methods. Nevertheless,
Constantine and Lockwood, 2002 (p.5), is skeptical. They argue that paper prototypes
are not a complete substitute for usability tests of working software. However, they
maintain that paper prototypes are highly-valuable tools for design and evaluation
throughout the design phase, especially in the early stages. User reactions to paper
prototypes are constructive when evaluating different design solutions (Hudson, 2003;
p. 11, Kane, 2003; Nielsen, 1993; Gould et al., 1997). The greatest benefit of paper
prototypes is their intrinsic simplicity – it is possible to explore and evaluate different
design solutions rapidly, without turning to expensive usability labs. With highlycomplicated models and prototypes, however, time restrictions prevent building more
than only a few, and the design space is thus limited.
12.5.7

Process Customization

Although agile processes value individuals and interactions over processes and tools,
processes still have an important role to play; however, this role must be adaptive and
actively support the work of skilled individuals and communication on all levels. The
idea behind the Agile Manifesto is that there is no single process that fits all purposes;
consequently, there is no unified agile process. Each software development process
must be selected, adapted and customized to suit each project. One agile principle

236

Human-Centered Software Engineering

indicates that the team should reflect and fine-tune its behavior at regular intervals, if
needed. This attitude works well with the UCD principle of process customization.
In UCD, a tailored, user-centered process is a component that is essential to achieving usability. Agile developers do not deny the value of a prescribed software development process, yet rely to a greater extent on talented developers and good management
in order to make a difference. In practice, this could be misinterpreted as a ‘license to
hack’, leaving out anything that could be regarded as a method or process.
Another issue is the heavy reliance on talented people instead of processes. As
Constantine and Lockwood, 2002, writes:
“There are only so many Kent Becks in the world to lead the team.”

This makes the need for premium programmers, managers and designers a critical issue. Finding all these skillful and experienced individuals is another challenge
altogether.
12.6

Discussion

12.6.1 Is Agile Development User-Centered?
To summarize the arguments presented above, there are a number of qualities inherent
to agile project culture that can provide a solid foundation for a user-centered attitude:
a focus on people, communication, customer collaboration, adaptive processes and
customer/user needs. The question is whether this is enough to label agile development
as user-centered design.
The Agile Manifesto does not cover all the key principles of UCD. Consequently,
the answer is no – agile development processes do not fully qualify as user-centered
design. The main reason is not that agile values work explicitly against UCD; instead, it is because they do not reflect the necessary focus on users and usability.
Furthermore, some of the agile processes’ prioritized areas of interest can prevent a
user-centered attitude: a focus on programming and programmers, automated tests,
very short iterations and fast increments, and executable software as a measure. Other
problem areas are the confusion between users and customers, unsatisfactory techniques for modeling users and tasks (i.e., user stories and use cases), the fear of early
design, as well as insufficient activities for interaction design.
However, there is no contradiction between agile approaches and UCD; in fact,
there are several basic values that the two approaches share, as presented above. It
should therefore be possible to integrate the basic values and principles of agile development with UCD. So far, there is no predominant reason why agile processes could
not be customized or adapted to UCD, or vice-versa.
It may also be fully possible to integrate specific agile methods and techniques
with UCD, at least to a certain level. The diversity of the various agile methods and
techniques makes it impossible to make any blanket recommendations, however. For
example, SCRUM, is actually more of a project management model; whereas XP
concerns both project management and detailed techniques for coding. The former
category might be easier to integrate with UCD because it covers the different aspects
of a process. However, each method/technique must be carefully examined in order to
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determine if it can be integrated with usability methods, and what the consequences
will be.
12.6.2

Is User-Centered Design Agile?

The pace of technology change brings with it some new challenges. Although
behavioral science provides us with many tools and theoretical frameworks for
observing behavior, they are generally tuned for use in a fairly stable environment
and not for providing design advice in a rapidly changing one.

(Karat and Karat, 2003, p.539)

An ongoing debate is whether UCD can occasionally become too unwieldy and
resource consuming. As a reaction, lighter methods, such as Discount Usability Engineering (Nielsen, 1993), have emerged. Also, usability professionals have been
criticized for focusing on “studies” instead of generating designs and products (Siegel
and Dray, 2003). Hence, UCD can benefit from becoming more agile. For example,
Karat and Karat, 2003, argue for a shift towards design methods that work better in
rapidly-changing technological environments.
12.7

Towards a Model for Bridging Agile and UCD

The key point at issue is how to bridge the gap between agile software development
and user-centered design. Several viable strategies can be envisioned, depending on
the aim of the integration. Should the goal be to improve an agile process so it becomes
more user-centered, or should the goal be to define a complete new agile-user-centered
process? A number of related objectives are also conceivable.
Another aspect of integration is the kind of integration to discuss. There are at least
two possible levels. On a concrete level, topics to discuss might include how to integrate specific processes, for example XP and Contextual Design. On a more abstract
level, the focus would shift to how to best integrate the basic values and principles of
agile and UCD respectively. We have chosen the abstract level for this chapter, and
complemented it with selected examples from concrete methods. We believe that any
discussion of how to bridge this gap must start at this abstract level so it may serve as
a foundation for more concrete attempts.
We have outlined an abstract-level model for bridging the gap between agile software development and user-centered design. This model is described from three different integration perspectives, all of which are briefly discussed below. The model’s
third approach is the preferred method and is hence discussed in greater detail.
In the first approach, UCD methods are integrated, along with basic values, in an
agile development framework (Figure 12.1). The level of integration can range from
incorporating only a few UCD techniques to coordinating a more complete set of
methods and techniques with agile methods. Regardless of the level of integration,
however, the agile values still constitute the fundamental framework. The underlying principles of agile development permeate the developing organization, and UCD
methods will to some degree become more agile.

238

Human-Centered Software Engineering

Figure 12.1

UCD methods integrated in agile development

An advantage of this approach is that organizations that are familiar with agile
development in general or that use a specific agile process can deliver more usable
systems without abandoning their established methods.
The disadvantage is that the usability work can act like cake-frosting – by adding
it on top of an agile process, we might believe that all usability problems have been
managed. As discussed above, however, user-centered design is more than doing a
little design here and a little testing there. Furthermore, the entire project must be
committed to the importance of usability. Another disadvantage is that some UCD
methods are simply too cumbersome for easy integration in agile development. It
must be possible to adapt the selected methods to an agile environment.
Some examples of how to integrate UCD in an agile development framework are
discussed by Hudson, 2003, and Kane, 2003. Hudson suggests that an XP project
require the following basic UCD techniques as a starting point in order to produce
more usable systems:
Context of use
Personas
Modifying user stories to include the context of use
Conceptual models
Paper prototypes for design and early evaluation
Usability testing
Involving usability specialists
Kane, 2003, discusses how to incorporate discount usability engineering techniques
(Nielsen, 1993) with agile development, as well as with the agile process, SCRUM,
(see for an example Highsmith, 2002). The rationale for attempting to blend them is
that both disciplines share the same underlying values of advocating simple and lowcost techniques. Kane, 2003, suggests a few representative “discount” techniques that
can improve specific gaps in agile development:
Scenarios for eliciting user feedback implemented in simple paper prototypes
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Simplified thinking aloud: an interview technique where users verbalize their
actions while testing a user interface
Heuristic evaluation: usability experts evaluate a user interface (a simple prototype or a working system) from a set of usability guidelines
Card sorting: a technique that explores the users’ conceptual models for the
future system. Features or concepts of the system are written on index cards,
then sorted and grouped by the users
In the second approach of the integration model, agile methods and techniques
as well as basic values are all integrated in a user-centered design framework (Figure 12.2). This approach is similar to the first one, only the roles of the two disciplines
have been reversed. Although the integration can be carried out to a greater or lesser
degree, user-centered values remain the fundamental framework. Agile methods must
be more or less adapted to suit user-centered processes. Some of these methods, such
as pair programming, can be easily integrated in UCD. Others, such as refactoring,
need a more careful incorporation.

Figure 12.2

Agile methods integrated in UCD

The question is how much more agile does the resulting UCD process become once
the agile methods and techniques have been integrated. If the primary goal is to have
a design process that is both truly user-centered and more light-weight and adaptive, it
can most likely be achieved through this integration. If agility is an equally important
goal, however, another approach may be considered.
Constantine and Lockwood, 2002, describes an attempt at integration that is comparable to this approach, in which a simplified variant of a UCD-like process called
usage-centered design and agile methods are outlined. In the resulting process, a minimal set of usage-centered activities is used in association with agile methods. However, usage-centered design places emphasis on modeling, which is not shared by agile
approaches. The integrated process still focuses on models, but uses simplified models
based on index cards. XP’s user stories are used here, but in a different manner. Users’
tasks are modeled through index cards.
12.7.1

A Balanced Integration Between Agile Development and UCD

The problems related to the first two integration approaches suggest the integration
and coordination of a more complete set of user-centered methods and agile methods.
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However, this is no easy task because the integration must strike a balance between
the two perspectives in order to maintain their core values.
The disciplines of UCD and agile development do not target precisely the same
issues in systems development. Agile values and practices are more concerned with
project management and organizational issues, as well as making coding more efficient. UCD, on the other hand, has a closer focus on design methods and user involvement. This distinction is, in fact, advantageous when it comes to integrating UCD and
agile development, and results in a balanced cross-pollination between the two disciplines (Figure 12.3). By combining UCD and agile development, both basic values
and methods/techniques can be better adapted to suit and complement one another.

Figure 12.3

Balanced integration: cross-pollination between agile development and UCD

This type of cross-pollination integration can occur at different levels. On a small
scale, values and methods from one perspective can complement or fill gaps in the
other perspective. Usability testing, for example, can complement acceptance tests.
Agile values regarding people and face-to-face communication can be utilized to improve communication between users and developers, as well as between developers
and usability designers.
On a larger scale, the integration can result in new hybrid methods, or even complete hybrid processes, which are both agile and user-centered. Such methods and
processes should be based on a foundation that integrates the basic values of each discipline, as well as process-specific activities. An example of this sort of integration is
discussed by Armitage, 2004. He describes how he, along with colleagues, developed
a hybrid iterative design method, integrating iterative techniques from both XP and
UCD. Design work occurred both on a detailed low level in short iterations (typical
XP) and on higher levels to facilitate an overall design (typical usability design).
A hybrid process can be created more or less ‘from the ground up’. From the
ground up means that specific processes do not serve as a basic foundation; instead,
existing methods and techniques from the diverse field of agile development and UCD
are selected and integrated into a new process. The resulting process should be consistent with the values and principles of agile development and UCD. Another way is
to start with two specific processes – fusing an existing agile process with a UCD process. This approach has both strengths and weaknesses. On the positive side is the fact
that the processes may be both well-tried and familiar to the developers. However, a
process fusion involves a greater degree of coordination than does the cross-pollination
approach. There is also a greater risk of encountering detailed activities that do not fit
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with each other or even that are incompatible. In addition, the approach may be more
labor-intensive and complex than simply creating a new process from scratch.
Some concrete suggestions on how to achieve a more balanced integration of agile
development and UCD are listed below.
The prime objective is delivering working and usable software. Usability activities are important, but too much time devoted to endless user studies or prototyping is not going to benefit the users in the end. There must be a balance
between actually releasing products and improving the usability of the system
one step further. A system is not usable unless it is both released and put to use.
Releasing increments of the real system is beneficial because the developers can
learn from actual usage.
There is often a need to prioritize the system’s features in order to deliver onschedule. It is the users who should ultimately decide which features they need;
however, the usability designers should assist them with their decision so the
system retains a high degree of usability.
The individuals involved in the development process are important — both developers and users alike. How the development team and work practices are
organized must be taken into consideration. Ultimately, people are more important than processes.
Actively involve users (not just customers) in all phases of development. Users
should be co-located with the developers for at least some parts of the development process. At the very least, the developers should visit the users workplace
in order to grasp the details of the users’ context.
Development projects require skilled usability designers. They should be empowered to make decisions about matters that affect the system’s usability.
Improve team communication by working in pairs. In addition to pair programming, pairing users with usability designers and/or usability designers with programmers will contribute to boosting communication.
Usability validation is needed at different stages of the development cycle. Usability tests cannot be carried out at the same frequency as the automatic functional tests, for example. However, if users are ready at hand, simple low-scale
usability tests can be performed frequently. By using lo-fi prototypes, it is possible to conduct simple usability tests early on and frequently. These basic usability tests must nonetheless be complemented with more thorough usability
acceptance tests in which more complete parts of the system are validated.
Evolutionary development is essential for several reasons. Many aspects that
influence a system under development are complex or tacit, and therefore difficult to specify in advance. A process must allow for changes in requirements.
However, the agile approach and UCD implement iterative and incremental development differently, as described above. Armitage’s (Armitage, 2004) hybrid
method, also described earlier, represents a potentially-successful solution.
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The process should include suitable methods to determine and specify usability
goals that can direct the course of the iterative development. Users are generally
unable to specify all the details of their needs on their own; however, techniques
such as user stories and use cases are not sufficient to capture usability requirements. For these reasons, usability designers are required to complete a full
analysis together with users and transform the information into usability goals
and design criteria.
An evolutionary approach must be combined with early and coordinated usability design activities, such as user and task analysis, personas, scenarios, conceptual models and paper prototypes, as well as the iterative design method
suggested by Armitage, 2004.
Relatively simple models such as paper prototypes and lo-fi. mock-ups should
be used as part of development. These models can be utilized, for example,
as basic methods to create and test design solutions in rapid iterations. It is
more effective to develop and test simple prototypes than released increments
of the system; as such, some of the increments can be effectively replaced by
prototypes. The added value of paper prototypes is their simplicity – through
them, it is feasible to explore and evaluate different design solutions quickly,
without resorting to expensive usability labs.
12.7.2 Conclusion
Deciding which is the better approach for integrating agile development and UCD
depends on a number of factors, such as the developing and user organizations, the
tradition of processes in use and the personnel’s level of skill. Ultimately, the integration approach should be selected based on the different prerequisites and the process
should be tailored to the specific project.
This being said, in our opinion, the integration approach with the likeliest chances
for success is balanced integration (3). We opine that the other approaches (1 and 2)
can be risky because they could be implemented by simply adding new features on
top of an existing tradition. In such a case, there is no coordination of the methods
with each other, nor with the basic values and the process. Methods that are plugged
into an existing process may not work with the basic values that already exist or may
require so much adaptation that they become too undermined to be beneficial. The
coordination of methods, people, basic values and process is more likely to succeed
with the cross-pollination approach.
12.7.3 Future Work
Future work should fall into two main areas:
The first is to continue with the present work on a more detailed level by studying
specific agile and UCD processes, i.e., how they relate to each other and to what
degree they support the agile and UCD values.
The second is to study the various integration approaches currently in practice and
evaluate the integration work, as well as the resulting development project. The results
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can be used to help design new development processes that bridge agile development
and user-centered design.
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Abstract. In this paper we argue that occupational health
expertise should be directly involved in the software design
process, and describe an exploratory study where health experts
and users participated in the analysis, design and evaluation of
a prototype. We addressed the problem of poor overview and
control in electronic case handling. We used methods primarily
from the participatory design ﬁeld in combination with a
framework describing some of the main risk factors for stressrelated disorders in VDU work. We conducted observation
interviews where the questions were based on the risk factors of
high demand, low control and poor support. The interviews
were the main lever for addressing these factors and making
them ‘visible’ in the process. They could then be turned into
requirements, design criteria and scenarios that we used as a
basis for our design.

1. Introduction
Many workers spend most of their working hours at
the computer. Swedish work life is extensively computerised and provides an illustrative example. In Sweden,
66% of the work force use computers regularly in their
work (Statistics Sweden 2001). From 1989 to 1997 the
proportion of computer users among oﬃce workers
increased from 65 to 90% (Wigaeus Tornqvist et al.
2000). With the increase of computer-supported (visual
display unit, VDU) work, there has been a dramatic
increase in health problems related to it (Bergkvist 1993,
Aronsson et al. 1994).
Health problems in VDU work are well known and
well documented. The main symptoms are visual
discomfort, musculoskeletal disorders (repetitive strain
injuries, RSI) and stress-related symptoms (Punnett and
Bergqvist 1997, Smith 1997, Aarås et al. 2000). The
main risk factors include (Aronsson et al. 1994):
.

Long hours at the computer – many users spend
the major part of their working hours at the

.
.

computer. This means constrained, static work
postures for long periods of time.
Little or no control – the computer controls the
work pace and task order, leaving the users little
or no control over their work.
High demands – users suﬀer from stress, caused by
excessive workload, time pressure and poorly
designed computer support.

The health problems in VDU work are caused by
multiple, interrelated risk factors, some of which are
directly related to the design of the software tools
used. Other factors are related to the work organization and job design. In VDU work, the work
organization and job design are to a large extent
shaped by the software. Technology often comes
before work practices and not the other way around
(Clegg et al. 1997, Eason 1997).
Occupational health aspects must be addressed in
the software development process, particularly in the
early phases. Yet, few software development projects
do that (Clegg et al. 1997). Current software development models and processes are often technologycentred and do not focus on long-term goals such as
health aspects and usability. Project management
models and business models help to promote the
focus on technology, and on deadlines and short-term
goals (Clegg et al. 1997). Occupational health experts,
on the other hand, typically evaluate the work
situation in the workplace, once the system is in
place. At that stage, it is often too late or too
expensive to modify poor and inadequate design that
leads to health problems.
The challenge must therefore be to ﬁnd ways of
integrating occupational health aspects within the work
practices of software development.
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1.1. Health aspects in the software development process

2. Research questions and method

ISO 13407, Human-centred design processes for
interactive systems (International Standards Organization 1999), and related standards describe principles and processes for addressing health aspects in
software development, for instance, that safety and
health risks should be assessed and that health and
safety expertise should be involved in the development process. ISO 13407 also prescribes that
statutory or legislative requirements regarding health
and safety are speciﬁed and that relevant standards
and guidelines are adhered to. Complementing
documentation, such as RESPECT (Maguire 1998)
and INUSE (Daly-Jones et al. 1999) provide
further details about suitable methods and templates for capturing and documenting the data.
There are also other models for integrating health
aspects, see for instance Vicente (1999). These
principles and methods are fairly general. We
wanted to take them one step further and try to
apply some of them to a concrete design problem
in a particular case.
The starting point of our study was the fact that our
partner organizations (in the VERKA project, Sandblad
et al. 2003, in this issue) had failed to address health
aspects in their software development processes. In an
earlier study (Boivie et al. 2003), we had identiﬁed some
factors in these organizations that may explain why,
including:

Our study was an exploratory study. The main aim
was to explore an approach and methods for integrating
occupational health issues and expertise in the software
development process, particularly in the early phases.
Our research questions were:

.
.

.
.

.

Responsibility – in these organizations, no one
had the explicit responsibility for addressing users’
health matters in the development projects.
Occupational health expertise – occupational
health experts are rarely involved in the development projects, and the software developers do not
know much about the health problems related to
VDU work.
Usability – usability has a diﬀerent focus and does
not cover all the main health risk factors in VDU
work.
User involvement – users were involved in the
development teams but users rarely have the
expertise required for identifying potential eﬀects
on their health.
Software development models – many software
development models focus on the users’ work with
storing, processing and retrieving information and
neglect the context. The result may be a system
that ignores the context and the tasks and
interaction that are not part of it, making it
diﬃcult and stressful for the users to cope with
them.

.
.

.

.

What types of methods would be suitable for
involving occupational health expertise in software development?
The models used to describe the work situation
and use in typical software development processes,
such as use case models in Rational Uniﬁed
ProcessTM, RUP (Jacobson et al. 1999), do not
capture health aspects. How can such aspects be
captured in the software development process?
Can they be expressed as requirements, similar to
usability requirements and goals?
A number of factors in the work situation aﬀect
the user’s health and well-being. Some of these
factors are organizational and/or cultural, whereas
others are directly related to the computer
systems. What factors can be addressed in the
software development project? How do we identify
them and distinguish them from matters that must
be resolved by organizational and cultural
changes?
Is it possible to predict potential harmful eﬀects in
the future work situation and on the users’ health
using simple prototypes and evaluation techniques?

We conducted our study as a design project
covering some of the early activities in software
development, addressing one particular potential
health problem as a design problem. The health risk
was poor overview and control of the workload in
electronic case handling (for further details, see
below). We conducted a number of typical software
design activities, but did not introduce any novel
activities or methods in the design process. The
novelty is that we addressed a typical health risk
factor as a software design problem and involved
occupational health expertise directly in the analysis
and design activities.
We chose the methods based on two criteria; that they
were easy to use for non-computer professionals and
that they were easily available and well-known to us. We
also think that the below aspects are important. The
method must:
.

Support a collaborative and participative approach to software design.

Health issues in software development
.
.
.

Create a rich picture of the context of use and the
problems the users have to deal with in their work.
Allow for simple and rich representations of the
context of use.
Have the power to capture requirements on
organizational changes, job design and training
as well as on the design and contents of the IT
system.

This study was a part of the VERKA project
(Sandblad et al. 2003, in this issue). It ran in parallel
with a software development project at The Swedish
National Tax Board (Riksskatteverket – RSV) building
an electronic case handling tool. We addressed a minor
part of the whole case handling tool, as a separate,
independent project, producing a separate design. The
main aim of our study was to generate insights into and
ideas for how to integrate occupational health issues in
the software development process. This means that the
methods we used had to be useful and usable for
practitioners, working in ‘real’ software development
projects, where deadlines are always tight, and resources
and expertise are limited.

2.1. The study
The tax oﬃces in Sweden are currently shifting from
paper-based case handling to electronic case handling.
Since earlier studies have shown that the introduction of
electronic document handling systems increases the risk
for somatic and mental health problems (Åborg and
Billing 2003, in this issue), we chose to address some
aspects of case handling work as our design problem.
We conducted a number of activities in order to
analyse the needs related to the design problem, to
design a solution that would meet those needs and
ﬁnally to evaluate that design solution. We used
observation interviews for analysing the needs of the
users. We created models and scenarios to describe the
ﬁndings, and conducted cooperative design workshops
with users to identify design solutions. Finally, we built
an interactive prototype and evaluated that with users to
identify potential usability problems and potential
health risk factors in the proposed solution. Each
activity is described in more detail below.

2.2. The problem
One problem in electronic case handling is the
possibility that administrators lose the overview and
control of their workload. Karasek and Theorell (1990)
have suggested a model relating stress-related com-
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plaints to the three dimensions psychological demands,
control and social support. The combination of high
psychological demands (stressors), e.g., workload and
deadlines, and little control over ones’ own activities and
skill usage creates psychological strain. Residual psychological strain results in a long-lasting state of
physiological response, which in the long run is
detrimental to the well-being of the worker. Social
support, such as informal social activities with colleagues or supervisory support, may act as a buﬀer to the
psychological strain.
Paper-based documents are tangible and oﬀer rich
peripheral information. They can be sorted into piles
and the administrator can assess the amount of work
by the thickness of the piles. The administrator can
also assess the complexity of a case by quickly leaﬁng
through it. Finished cases are placed in a separate
pile. Electronic case handling tools, displaying the
cases in simple lists or inboxes do not provide the
same kind of overview of the workload, i.e., the
number of cases and the amount of work each one
will require. Thus, the shift from paper-based case
handling to electronic handling may create the kind
of risk factors that, according to Karasek and
Theorell (1990), can result in stress-related health
problems.

2.3. Observation interviews
In order to design for overview of the workload, we
need to know what it means in a case handling context.
We therefore set out to interview a number of users (i.e.,
administrators at the tax oﬃces). We visited six users at
their workplace. We were three researchers interviewing
two users each, one at a time. We watched them and
talked about their work while they were performing
typical tasks. Each interview lasted for about one hour.
We taped the interviews and/or took notes.
Our questions were based on the demand-controlsupport model suggested by Karasek and Theorell
(1990), described in the previous section. We asked the
users about their overview and control of their workload, how they feel about their workload, how they deal
with excessive workload, the social support they get
from colleagues and supervisors and what factors in
their surroundings that they feel are stressful.
We used the work models suggested in Contextual
Design (Beyer and Holtzblatt 1998) to compile the
results of the interviews. Beyer and Holtzblatt use ﬁve
graphical work models to capture the relevant aspects
of the context of use; ﬂow model, sequence model,
artefact model, culture model and physical model.
These models can be used to express concerns, such
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The culture model suggested in Contextual Design can be used to express psycho-social aspects of the work, including
stressors.

Culture category/model – stressors
Errors and mistakes
A mistake may have serious consequences, for instance, ﬁlling in the wrong social security number when registering a death.
Crisis cases
Many cases involve people going through emotional crises, for instance, a divorce. They may call the administrator and be very
upset about something related to the case.
Complicated cases
Some cases take time and require much investigation. Since the workload is constantly too heavy, all cases that take time add to the
pressure.

as, the stressors that aﬀect the users (culture model),
the physical environment (physical model) and the
support provided by colleagues and supervisors
(culture model and ﬂow model). We did not draw
the actual models, but sorted the information from the
interviews into the diﬀerent categories suggested by
them. Table 1 shows an excerpt of the culture
category or model, listing some stressors.

2.4. Scenarios and requirements
We used the results of the interviews as a basis for
requirements and for scenarios describing the future
work situation. The scenarios contained health aspects
in addition to the users’ interaction with the new
system. One of the scenarios described, for instance,
how a user checks her cases in the case overview. She
uses the overview to assess her workload and plan her
day. By keeping track of her cases in the overview she
is able to feel ‘in control’ of her work situation. The
scenario describes what aspects are important in the
design to help the users keep track of her cases and
her workload.
We were able to identify a number of requirements
on the usability of the system, on organizational
changes and on the resulting work situation as well as
functional requirements. Many issues generated both
requirements for organizational changes and functional requirements on the system. One example is the
amount of time the users spend at their computers.
When work is computerised, workers often end up
spending virtually all their working-hours at the
computer. In the long run, this results in health
problems. To organize work so that the workers can
work without using the computer is an organizational
matter. But it also generates functional requirements
on the system, for instance that the users must be able
to take breaks whenever they need to and that they
must be able to print out the cases and work with
them outside the computer.

2.5. Design workshops
We conducted two design workshops, the ﬁrst workshop together with users and the second without. In the
ﬁrst workshop, we involved three users (from another
part of the organization than the ones we interviewed).
In this workshop, we discussed the users’ view of their
work and their needs for control over their workload.
The workshop had an unstructured format. We had
planned to use the scenarios but we did not need to do
that. Instead, we used diﬀerent metaphors to talk about
their work with keeping track of their cases. We
discussed the inbox metaphor where the cases are
displayed in simple lists and sorted into folders. We
also discussed the pile metaphor where the cases are
sorted into piles that can be organized in space. The
thickness of the pile signals the number of cases. The
users did not like the conveyor belt metaphor – i.e.,
where the cases would travel across the screen and the
user would pick one of them to work with. Finally, we
discussed the calendar metaphor where the users would
be able to distribute their cases in time. This way of
thinking about their work was unfamiliar to the users.
They receive a fairly steady stream of cases and try to
ﬁnish them as soon as possible; preferably within the
day they arrive. Distributing cases on diﬀerent days was
not meaningful to the users.
The result of the workshop was a number of sketches
of a design solution based on the pile metaphor. The
users in the workshop preferred the pile metaphor as it
resembled their current work practices with paper-based
cases. Earlier research by Mander et al. (1992) indicates
that the pile metaphor supports users’ organization of
information better than hierarchical folders. User
studies showed that people used piles because of their
need for a less detailed categorization, and piles could
more easily be rearranged.
The second design workshop involved us three
researchers only. In this workshop we elaborated on
the design produced in the ﬁrst workshop and our own
design ideas that we brought into the workshop. We
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discussed the diﬀerent design ideas, based on design
criteria that we had identiﬁed in the interviews and work
models. We then merged the ideas into one design
suggestion.

2.6. Prototyping and evaluation
Our next step was to develop an interactive prototype
based on the design from the workshops, i.e. the pile
metaphor. The prototype was developed with Macromedia FlashTM by a fourth researcher who had not been
involved in the initial design activities. It simulated case
handling work with realistic dummy cases, but was not
integrated with the real case handling system. We
developed a ﬁrst version of the prototype and showed
it to three domain experts. Their comments lead to some
changes and a second version of the prototype.
We then evaluated this second prototype with four
users, one at a time. We used a limited version of the
ADA method (Åborg et al. 2003), which addresses
occupational health problems as well as usability
problems. We set up a temporary test site at the users’
workplace, in a separate workroom. Each test session
started with a short description of how to use the
prototype. A quick reference guide was also available to
the user. The user worked through a number of very
simple test tasks, for example: Get all your cases. Try to
get an overview of your work and prioritise your cases.
During the test, we observed and interviewed the user
and the user was allowed to ask questions and make
comments. Each user was observed and interviewed for
1.5 to 2.5 h by two of the researchers involved in the
project (with expertise in usability and organizational
psychology respectively). Both researchers had been
involved in the design and building of the prototype,
which may have inﬂuenced the results of the evaluation.
For our purposes, however, we did not consider that a
major problem.
The pile metaphor was the main feature in the
prototype. The users could create and name piles and
add and remove cases to/from a pile. The piles could be
arranged spatially on a workspace. The size of the pile
indicated the number of cases in it to provide a quick
overview of the workload. The contents of each pile
could be displayed in a list.
The results from the evaluation indicate that the
design solution helped the users get an overview over
their workload and keep track of their cases. Each user
used a somewhat diﬀerent strategy for managing their
cases and in most cases the prototype supported their
strategies. The users used the piles for sorting their cases.
We had expected them to use the spatial properties of
the piles to keep track of their cases and assess their
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workload, but they did not do that. This may be due to
the short time the users worked with the prototype in the
test sessions which indicates one problem with our
evaluation – the relatively short time of user testing.
To sum it up, our design contained certain features
that seemed to improve the users’ overview and control
of their workload. These ﬁndings indicate that our
design solution did address some of the health risk
factors that were our starting point in the design
process. It would, however, be far too early to draw
conclusions about the eﬀects on the users’ health in real
use. In order to identify and eliminate health risk
factors, we would need to observe users spending more
time working with the system or prototype and
preferably in cooperation with other users.

2.7. The design
The focus of our study was the methods we used, not
the design problem and the design as such. Nevertheless,
we discuss the design brieﬂy below, to illustrate the type
of problems that can be addressed with our approach.
In a case handling context, overview and control of
the workload means that the user has a rough idea of
what cases he/she has, the total number of cases and the
complexity of each case so that he/she can estimate the
time it will take to handle it. The user must also have
direct access to all information required for making
decisions about, for instance, which cases to deal with
immediately and which ones to handle later.
In the interviews and design workshop with users, we
found that they needed overview on diﬀerent levels that
represent diﬀerent ways of working with the cases. They
needed an overall view where they could assess their
total workload, sort the cases and create a structure with
which to work. They also wanted a view providing
details about the individual cases within a pile so that
they could select what cases to start working with.
Finally, they needed a ‘minimal’ view of the cases in a
pile, within or on top of the workspace for the individual
case. This view would provide information about other
cases and a simple way of moving on to the next case.
Figure 1 shows the design from the ﬁrst design workshop, containing these three views.
The second design solution (ﬁgure 2) was a combination of the design described above, and the individual
contributions from the three researchers. We all used the
pile metaphor in our individual designs and based them
on the design we had created with the users. The results
diﬀered mainly in the amount of detailed design, scope
and to some extent, focus. In designing the views we
used a number of design criteria that we had identiﬁed in
the interviews, some of which were quick overview of the
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Figure 1.

Basic design from the participatory design workshop with three users.

Figure 2.

The resulting design solution.

Health issues in software development

Figure 3.
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The interactive prototype – the main view.

total workload, feeling of control over the workload,
ﬂexibility, social support and eﬃciency.
The design solution in ﬁgure 2 was then turned into an
interactive prototype, see ﬁgure 3. The left part of the
screen is the workspace, where piles and single cases are
placed. Some piles are predeﬁned, e.g., the inbox and a
pile for pending cases. The right-hand side of the screen
lists the cases in the selected pile. The user opens a pile
by means of a keyboard command or drag-and-drop.
The list contains enough details about the cases, so that
the user can make decisions what to do with them.
Browsing the list displays a ‘sticky’ with metadata about
the selected case, for instance, if it is connected to other
cases. Mander et al. (1992) distinguish between two
diﬀerent models of piles – document-centred and pilecentred. We used the latter model, where piles behave
like single entities.

3. Discussion and conclusions
In our study, we broadened the scope of software design
problems normally addressed to include health risk
factors. We selected a particular health risk factor and
turned it into a software design problem, involving health
expertise in the process. The study generated some insights

and ideas as to how occupational health experts can be
involved in the early phases of the software development
process, what types of methods would be suitable and the
problems involved in designing for healthy work. These
ideas and insights are discussed below.
ISO 13407 (International Standards Organization
1999) and ISO 18529 (International Standards Organization 2000) contain principles and processes for
addressing health and safety aspects in software development. These principles and processes are, however,
fairly general. In order to address the risk factors in
administrative VDU work, we need processes and
methods that cover these particular factors. The
methods must also be easy to use for non-computer
professionals, and create a rich picture of the work
situation.
We used methods primarily from the participatory
design ﬁeld, for instance, observation interviews and
participatory design workshops. These methods have
been created to cater to the needs of the users in a
software development process, i.e. non-computer professionals. Thus, they are probably easier to use for
occupational health experts than traditional software
engineering methods.
ISO 13407 (International Standards Organization
1999) further recommends a multi-disciplinary ap-
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proach. There are diﬀerent ways of working with several
disciplines in a process, either an individual approach
where each expert conducts separate activities or a
collaborative approach where everyone participates in
the diﬀerent activities bringing his/her skills set to bear.
We believe that the collaborative approach should be
preferred, whenever possible. Participatory design
methods are particularly suitable for the collaborative
approach, since they are designed for activities involving
participants with diﬀerent backgrounds and expertise.
Most software development projects base their designs on requirements and/or use cases (Jacobson et al.
1999) elicited from users and/or clients. Neither
requirements nor use cases can, however, be used to
create a rich picture of the future work situation and the
potential health problems related to it. Use cases, for
instance, focus on the information processing aspects of
the users’ tasks and often result in fragmentary user
interaction (Lif 1998). To complement traditional
requirements we used the work models suggested in
Contextual Design (Beyer and Holtzblatt 1998) and
scenarios. Even though they do not explicitly address
health matters the work models and scenarios can
accommodate health aspects. Scenarios provide a
ﬂexible format that can be used to express design ideas
and solutions to basically any problem (see for instance
Bødker 2000). Thus, we were able to describe not only
the future user-system interaction in scenarios, but also
the users’ future work situation with respect to health

concerns. By expressing health aspects in models and
scenarios, we could analyse them and turn them into
requirements.
In addition to the methods, we used the KarasekTheorell demand – control – support model (Karasek
and Theorell 1990) as a framework in the initial
observation interviews. By basing the questions on the
three dimensions demands, support and control, we
were able to address some of the main risk factors that
are particular to VDU work. These factors include the
number of hours spent at the computer, high demands
and poor overview and control of the workload.
Our approach contains both positive and negative
aspects. On the positive side is the fact, that we were able
to identify potential health risk factors and address them
as a design problem. We believe that the initial
observation interviews based on the Karasek-Theorell
model were the main lever for integrating health aspects.
Once the design problem was identiﬁed, we thought
about it in similar ways. Our diﬀerent backgrounds did
not make us see and emphasise widely diﬀerent aspects
in the scenarios and the design. We believe, however,
that having an occupational health expert in the design
activities helped us maintain the focus on health issues in
the design.
The main weakness in our approach was the
evaluation of the design. It was very diﬃcult to draw
any conclusions about long-term eﬀects on the users’
health from the ﬁndings in the evaluation. At this stage,

Figure 4. An outline of the activities and process in our approach. The activities were sequential, but in a real software
development project the process would be iterative.

Health issues in software development
there were too many uncertainties about the future work
situation and the evaluation situation was too artiﬁcial
to allow for any qualiﬁed guesses about the future work
practices. New roles, work practices and a new
organization must be developed in parallel with and
control the design of the software. The new work
practices must be evaluated with respect to health
aspects, before being implemented in the new system.
For instance, the new work practices could be described
by means of scenarios, with a particular focus on health
risk factors (e.g., duration of computer use, social
support, control and demands). These scenarios could
then be evaluated by occupational health experts, before
being turned into design solutions.
Figure 4 provides a rough model of our approach,
complemented with the problems and additions discussed above. The model describes the early phases of a
software development project, and must be complemented with other activities, for instance, user or stakeholder
analysis. It is illustrated as an iterative process, but we
only carried out one iteration. Moreover, active user
involvement is a pre-requisite for usability and a healthy
work environment in VDU work, see for instance ISO
13407 (International Standards Organization 1999) and
Gould et al. (1997). Despite this, we did not focus on user
involvement in our study, since the aim was to ﬁnd
methods and techniques for involving occupational
health experts. In a real software development project,
we would naturally recommend extensive involvement of
users and a truly iterative and integrated approach.
It is essential for the well-being of the users that health
aspects are addressed in the software development
process and that occupational health experts are
involved early and continuously in the project. Available
standards and legislation provide general guidelines. In
our study we applied some of these guidelines in the
context of administrative VDU work and stress-related
disorders. The study describes our approach and some
methods that we found useful. Since this was an
exploratory study, further research is required into the
applicability of the approach and the problems and
limitations we encountered.
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Abstract
Poor overview and control of workload in electronic case handling systems is a potential health risk factor
which affects the users. Case handling systems must therefore be designed to give the users a better overview
and maximum control over their workload. In an earlier study, we developed a prototype interface for managing
cases, based on the piles metaphor. This paper introduces a second prototype, which is designed to incorporate
the findings of an evaluation of the piles metaphor prototype. In this second prototype cases are visualized as
“tiles”, reflecting the number and complexity of the cases. This paper also describes some the results of the
evaluation of the tiles prototype.
Keywords
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INTRODUCTION
Case handling is a common component of administrative work in many organizations, such as insurance
companies, banks, social security, and national registration and tax offices. Case handling involves collecting
and analysing several pieces of information about a case or a client, making decisions and judgments based on
the information and a complex set of rules, and finally documenting and communicating the decision to the
client.
Currently the Swedish national tax board (Skatteverket) is moving from paper-based to electronic case handling,
and a large proportion of the case handling will be automated in the future. One of the concerns with this change
is that the introduction of electronic case handling system may increase the risk of stress-related disorders.
Karasek and Theorell (1990) have proposed a model relating stress-related complaints to the three dimensions of
psychological demands, control and social support. The combination of high psychological demands (stressors),
such as workload and deadlines, and little control over one’s own activities and skill usage creates psychological
strain, which may in the long run cause stress-related symptoms. Social support, such as informal social
activities with colleagues, or supervisory support may act as a buffer to the psychological strain. There are a
number of studies (e.g. Painter 2002, Zuboff 1988, Åborg 2001) clearly indicating increases in all the risk
factors in the Karasek-Theorell model when administrative case handling work is computerized. Zuboff (1988),
for instance, describes various effects of computerization in such a context, including increasing mental pressure
and demand for concentration, increasing workload, de-skilling, and decreasing social interaction with
colleagues and supervisors as well as a number of physical and mental complaints. Painter (2002) also reports
effects on the stress-level and level of control perceived by the case handling officers in a public insurance
company after the introduction of an electronic claims handling system.
This paper presents the second study of two successive studies, addressing the issue of how health risk factors in
computerized work can be taken into account during the software design process. The main aim of the first
study (Boivie, Blomkvist, Persson & Åborg, 2003) was to investigate a range of methods and techniques for
analysis, design and evaluation, with a particular focus on the issue of poor overview and control. This study
investigated how case-handling administrators at a local office of the Swedish national tax board carried out
their tasks. The study comprised of user observations, interviews with questions based on the Karasek-Theorell
model (Karasek & Theorell 1990), work models, and design workshops.
As a result of the first study, a prototype interface for a case-handling system was designed based on the piles
metaphor. This prototyped aimed to provide the users with better overview and control of their workload. We
conducted a user evaluation of this prototype which in turn identified a number of issues that needed to be
addressed. This paper introduces a second prototype that attempts to address some of the problems associated
with the first prototype, by utilising a new representation in which the cases are visualized as tiles.

The next section discusses various aspects of the design problem and gives a brief description of the first
prototype (for further details see Boivie et al., 2003). The paper then describes the second prototype in detail,
followed by a discussion of the results of an evaluation of this prototype.

DESIGN PROBLEM – FROM PAPER-BASED TO ELECTRONIC CASE HANDLING
Many physical information cues that are essential to the users in assessing and keeping track of their workload
are lost when paper-based case handling is replaced by electronic systems. This makes it more difficult for the
case handling officers to keep track of their workload and the work situation. Therefore, the interface of the
electronic systems should “recreate” the contextual and physical cues that are used by administrators to estimate
and manage their workload in paper-based case handling.
In the first study we identified certain cues that the handling officers used in order to keep track of, and plan
their work with paper-based cases. These included sorting the cases into piles, and ordering them within the
piles. They also often used the thickness of the piles to quickly assess their workload, as well as estimating the
complexity of the cases by quickly leafing through them. Furthermore, completed cases were placed in a
separate pile. This is all due to the fact that paper-based documents are tangible and offer rich peripheral
information (Sellen & Harper, 2001).
There are numerous studies on the organization of paper-based information. For instance, Case (1991) describes
how historians organize their documents physically in four levels of storage: spatial constraints (keeping similar
things together or keeping things at close hand), form, topic and treatment or purpose. The physical organization
is a powerful aid for retrieving information. In a study of file organization in the desktop metaphor, Barreau and
Nardi (1995) identified the need for coping with large numbers of “ephemeral” documents that must be taken
care of within an unspecified but fairly short period of time, and therefore have to serve as reminders in addition
to containing information. They cannot be buried away somewhere. In our study we identified similar patterns
and problems in how the case handling officers sorted their cases into piles and placed these in specific locations
on their desks. The users also filed cases that were on hold (awaiting further information) in binders and moved
these binders between them according to a pre-defined order. When the required information arrived, the
handling officer in charge of case distribution knew “where” the case was.
Pattern recognition is also often used to interpret the physical form of information, such as the location. Nygren,
Lind, Johnson and Sandblad (1992) describe how physicians when reading blood test reports, make use of the
presence or absence of information, in addition to interpreting the actual values of the tests. This type of pattern
recognition is likely to occur in many work situations where standard forms or documents are used. In these
situations the structure and contents become very familiar to the workers, and over time they are likely to
develop automated pattern recognition. In a case handling context it may be the absence of a signature or a date,
or irregularities in the form of the information, which is noticed by the case handling officer. Such “patterns”
can be used by the handling officers to estimate the complexity of a case. They can simply browse through the
cases quickly and pick up the patterns of information without actually reading the text.
Based on the observation interviews, and the physical cues discussed above, we identified a set of design criteria
addressing health risk factors:
•

Overview of the number and complexity of cases – the users should be able to quickly estimate the total
workload in terms of the number of cases and the complexity of the individual cases.

•

Knowing what to do – the users should always have a clear picture of what has to be done and what to
do next.

•

Work pace – the users should be able to work at their own pace, i.e. the work pace should not be set by
the computer.

•

Flexibility – the users should be allowed to determine the task order, to sort their cases in any way they
like and to work with them in any order. They should be able to choose between sorting and setting
priorities manually or automatically. They should also be allowed to work with cases on paper.

•

Understanding – the users should understand where the cases come from and where they are at any point
in time (i.e. distributed by the system or transferred from a colleague, and status information).

•

Social support – the system must allow the users to help one another with the cases.

•

Efficiency – the users should be able to work efficiently with the information (i.e. ease-of-use has
priority over ease-of-learning).

•

Ergonomics – the system must provide access keys, minimum number of screens/windows, choice of
input devices, visual ergonomics, etc.

PILES PROTOTYPE
Using the criteria outlined in the previous section we developed a prototype based on the piles metaphor (Boivie
et al., 2003). In this prototype, which is shown in Figure 1, piles and individual cases are placed on a workspace,
where they can be moved around and arranged spatially. The size of a pile indicates how many cases it contains
and thus gives the users a quick overview of the workload. The users can also create any number of piles and
name them to reflect their contents. Some piles such inbox, and pending cases are predefined.
The right-hand side of the screen lists the cases in the selected pile. The main idea with the piles prototype was
to make use of the spatial properties of the piles (that they can be placed in specific locations on the workspace)
to support the overview and control of the workload. According to Mander, Salomon & Wong (1992), the piles
metaphor supports users’ organization of information better than hierarchical folders. User studies have
demonstrated that people use piles because of their need for a less detailed categorization, and because piles can
be rearranged more easily.
An evaluation of the piles prototype (Boivie et al., 2003) indicated that the design solution supported the users’
tasks to some extent. However, we also found a number of problems. One finding that surprised us was that the
case handling officers did not make use of the spatial properties of the piles, such as their placement on the work
area, or comparing their sizes. Contrary to our results, there are many studies which indicate that the use of
spatial information is important (Barreau & Nardi 1995, Case 1991, Malone 1983, Zuboff 1988). One reason for
this contrast might be that our evaluation was too short and so the users did not have the time to learn to use the
spatial properties. Another reason might be that although the spatial location is important, it becomes less so
when the “work area” is a relatively small computer screen (17”) and there are no real cues in the area where the
users’ place their documents.
Another problem with the pile metaphor is that the screen real-estate is not used efficiently, and this limits the
space used for displaying important information when it is needed. The analysis of our results also showed a
major problem in that the pile metaphor was too literal, which promoted ease-of-learning, but had some
drawbacks in terms of efficiency and ease-of-use. The pile metaphor relies too much on direct manipulation, and
that leads to a somewhat cumbersome interaction style. One important design criteria for the case handling
system was that it could be solely operated with the keyboard (as intensive use of the mouse would lead to
repetitive strain injuries). Although this was possible, the keyboard interaction became awkward due to the
nature of the pile metaphor. Modifications to the design could probably improve the efficiency, but the metaphor
in itself would still be a limiting factor.

Figure 1: The piles metaphor prototype.

REDESIGN OF THE PROTOTYPE
As mentioned earlier, there are a number of problems with the piles prototype that need to be addressed. Due to
these problems, we decided that rather than modifying the piles prototype, we would redesign the prototype
from scratch, by generating and evaluating new possible design concepts. We used the design criteria and
knowledge gained from our initial user study, as well as the findings from the evaluation of the piles prototypes
as the basis for our new design. In particular we wanted to focus on providing support for easy and quick
estimation of the total workload in terms of the number of cases and the complexity of the individual cases. This
included representing the number, type and status of the cases, the complexity and priority of each individual
case, and the relationships between the cases. Improved flexibility and efficiency in performing tasks, as well as
providing mechanisms for social support were other important criteria for our second design.
In addition to the above design criteria we conducted a survey of information visualization literature, including
the bifocal lens (Spence 2001, Spence & Apperley 1982), perspective wall, XY-distorted views (Spence 2001),
table lens (Rao & Card 1994) and tree-maps (Johnson & Shneiderman 1991) to inform the design of the new
prototype.
The design process initially focused on brain-storming activities in order to generate new possible solutions.
From these ideas, we selected two different design concepts that we developed further using paper and pen.
Both concepts visualized cases as rectangles containing textual information, e.g. the citizen’s name and social
security number, and the date of arrival for the case. The case symbol was referred to as a “tile”. The tiles were
arranged in columns, each column holding cases of a certain type. In both designs, the colour of the tile reflected
the case type.
The name “tile” is just a label for the case symbol and none of the design concepts were based on a literal
“tiles”-metaphor. Instead, the first design was partly based on the bifocal display concept (Spence 2001, Spence
& Apperley 1982). Here, the basic idea is to integrate an overview level with a detailed view at the point of
interest. The detail view is moveable and functions like a bifocal lens. The peripheral items are smaller, but the
user is still aware of them, thus supporting the user’s overview. In this design, the tiles are arranged by arrival
date, so that the oldest cases are placed on top of each column. A sketch of the bifocal display design is shown
to the left in Figure 2.

Figure 2: Two different designs based on tiles arranged in a tabular view. In the left sketch, the tiles are shown
in bifocal display, and arranged by arrival date. In the right sketch, the size of a tile reflects the case’s
complexity.

The second design was similar to the first one but without the functions of a bifocal lens, and is shown in the
right-hand side of Figure 2. Besides the bifocal lens, the main difference between the two designs was that in the
second design the size of a tile reflected the complexity of the case – a larger tile size indicated a more complex
case.
Both of the designs were elaborated further to allow a better comparison of their features. Based on a final
comparison, however, we decided to choose the second design as the basis for the development of our next
prototype. The main reason for this choice was that the second design would allow the case handling officers to
estimate the complexity of individual cases, and this was clearly an important factor in better estimating their
workload. This design was developed into an interactive prototype and evaluated with the users.

THE TILES PROTOTYPE
A prototype interface for a case handling system was developed using the second design described above.
Figure 3 shows this prototype. The cases, visualized as “tiles”, are arranged in a tabular workspace. Each
column, called a “tray”, contains a number of related cases. Trays hold cases of a particular type (e.g. births or
marriage cases), or cases that have some form of status defined by the user (e.g. pending case, requiring further
information). New cases are by default displayed in the “new cases tray”. The user can move these cases to other
trays manually, or ask the system to do it automatically. Each tray can be sorted and arranged by the user. The
users can select and prioritize the cases with which they will work, thus creating their own task list.

Figure 3: The main screen of the final design. It shows the overview of cases in the user’s workspace.

Figure 4: Tiles are used in the design to represent cases.
The lines show connected cases.

Figure 5: The minimized view of the user's
workload.

The collection of the tiles in the workspace gives the users an overview of the cases assigned to them. Tiles are
characterized by a number of visual attributes (Figure 4), some of which are listed in Table 1.
Tile attribute
Size
Colour
Symbol
Text
Lines between cases
Check-box symbol 7
Order

Meaning
Complexity of the case
Type of the case
Type of the case
Basic info: citizen’s name and social security number, arrival date of the case, status
(new, pending etc.)
Connection between cases (i.e. family members).
Selection. Marked if case is selected for user’s task list.
User selects order of cases according to predefined sort order, e.g. arrival date, name.

Table 1: Main visual characteristics of tiles.
The left part of the main screen shown in Figure 3 contains the user’s task list, controls for the level of details,
and buttons for showing/hiding possible connections between cases. The team panel which is placed in the top
left-hand corner, shows the other handling officers in the team, and their workload. When the users need support
from the other team members, they can use the functionality provided in this panel for instance to discuss a
complicated case or transfer cases.
The tiles design aims to provide the users with an overview of their workload, and functions for managing their
workflow. The idea is that when the users have prioritized their work and created their task list, they start to
work with the cases in other applications. The workspace is then replaced by the user interface of the other
application, but the user’s task list and minimized view of the total workload is still displayed (Figure 5). The
team panel is also available. The users can switch back to the workspace when needed. The user interface can be
operated by a keyboard or by a pointing device.
In summary, the tile concept has a number of advantages compared to the pile metaphor:
•

Overview – more information is available and the screen real-estate is more efficiently used.

•

Overview – it is easier to compare the number of cases, their complexity and dates.

•

Control – it is easier to select, sort and manipulate cases.

Evaluation of the tiles prototype
The final design described in previous section was developed into an interactive prototype using Macromedia
Flash™. Due to the limited interactive capabilities of the prototype it was not possible to allow the users to
simulate their real tasks in full. Therefore we used a different evaluation method to the one used for evaluating
the previous piles prototype (Boivie et al., 2003).
The purpose of this evaluation was to assess the tiles prototype against our initial design criteria. However, due
to the limitations of the prototype, some of the criteria could not be evaluated at this stage since the users could
not fully interact with the prototype to simulate their work. Therefore, the evaluation mainly focused on the
following criteria:
•

Overview of the workload – The user should be able to prioritize his/hers work from available
information.

•

Flexibility – the users should be allowed to determine the task order, to sort their cases in any way they
like and to work with them in any order.

Listed below are some other aspects that also were evaluated, but only partially.
•

Efficiency – the users should be able to work efficiently with the information (i.e. ease-of-use has
priority over ease-of-learning).

•

Social support – the system must allow the users to help one another with the cases.

•

Understanding – the users should understand from where the cases come and where they are at any point
in time (i.e. distributed by the system or transferred from a colleague, and status information).

Finally, the following criteria were not evaluated at all:
•

Interaction style and ergonomics – the system must provide access keys, minimum number of
screens/windows, choice of input devices, visual ergonomics, etc.

•

Knowing what to do – the users should always have a clear picture of what has to be done and what to
do next.

•

Work pace – the users should be able to work at their own pace, i.e. the work pace should not be set by
the computer.

The evaluation was conducted as an informal review together with a group of three users using the interactive
prototype displayed on a big screen. The users were case handling officers at a national registration office,
different to the one in our previous study. The session took about two and a half hours and was performed by
two of the researchers involved in the project who have expertise in usability and organizational psychology.
One of the researchers led the evaluation by walking through scenarios in the prototype with the group of users.
The scenarios covered, for instance, getting all their cases, getting an overview of their work and prioritizing
their cases. 15 scenarios were evaluated in total, each involving one or more tasks. For each scenario we had a
list of user behaviour that we wanted to observe, and a set of related questions we wanted to discuss with them
(for example: Did you find it easy/difficult to estimate the number of cases for each case type?). The questions
aimed at evaluating the design criteria discussed above. The scenarios were followed by a more open-ended
discussion. After the session, we analysed the answers to our questions as well as our observations of the users’
behaviour.
The results of the evaluation indicated that the users found it possible to get a quick overview of the number of
cases and their type. The solution for arranging and sorting cases in order to prioritize and create a task list also
met the design criteria. Furthermore, the team panel helped the users get support from their colleagues.
The users found it possible to get an overview of the complexity of the cases indicated by their tile sizes.
However, in the opinion of the users, the concept of complexity is too subtle and hard to define, and therefore
defining case complexity automatically will not be very useful in their real-work setting. Although there are
some generally applicable rules of thumb which can be used to estimate the complexity of a case (e.g. marriage
between people with different nationalities is often complex), it is often necessary to look at a case before its
complexity can be estimated. The case handlers, however, use the case type as the primary selection criteria in
prioritizing the cases, with cases regarding deaths and births having the highest priority.
Coding the case type using colours and symbols also helped the users in getting an effective overview of their
workload. Furthermore, sorting the cases into different trays by their type reinforced this overview. One user
mentioned that she would like to have a list view of the cases to complement the tiles views. Another user
pointed out that newly arrived cases should automatically be sorted according to their type. Some users also

requested more visual information about the number of high priority cases. For instance, they wanted to have a
counter displaying the number of death and birth cases.
The visual attributes and the textual information of the tiles were generally considered to be adequate and
helpful by the users. However, they also wanted to be able to display notes from the records of a case without
having to open it. The connection lines between related cases were considered useful, but in practice there
would be related cases that are handled by different case handling officers.
The evaluation showed that the part of the design that aims to improve team work and social support was overall
useful. The evaluation nevertheless raised some questions. For instance, the users did not like the idea of
showing their workload in the team panel to their colleagues or supervisor. They felt that watching each other
might lead to more stress. Displaying the total workload of the team, on the other hand, was considered
acceptable. Another concern was that the users could not see the individual cases in the team inbox or in their
colleagues’ trays. This is necessary when a case handling officer must take over cases from a team member for
some reason, for instance, when someone is absent due to illness.

DISCUSSION
The evaluation of the prototype indicated that the tiles design concept supported the users’ work and fulfilled the
design criteria to some extent. We also identified a number of areas for improvement, which are discussed
below. Most of these problems can be resolved by making minor modifications to our basic design concept.
However, to further validate the results we need to conduct further evaluations in real work context with more
users.
One of the goals of the tiles design was to visualize the complexity of cases, as this was a problem with the
earlier design based on the pile metaphor, and an important factor in determining the workload. However, the
last evaluation revealed that this attribute is very complex and hard to define for the users. The users base their
perception of the complexity on the contents of the case, rather than on some pre-defined criteria. This indicates
that the “leafing-through” of a case to assess its complexity is not easy to recreate on the screen – the complexity
is unique for each case and difficult to capture by means of general rules.
Instead, these users applied other strategies to get an overview of their workload and to set priorities. The main
strategy is to sort the cases by type. The arrival date had little to do with the priority, contrary to our
expectations. The tiles design supports sorting the cases by type, and should use the case type as the primary
sorting order.
The evaluation of the prototype revealed that the users did not use the same strategy as the users in our previous
study. The users in the two studies worked in different local offices and the work practices differed between
them. It may also be so that we judged our initial findings as more significant than they actually were.
Nonetheless, further studies with more users from different local offices are needed to clarify these issues.
Complexity might still be very important, and future research should consider developing methods and tools that
make it possible for the users to estimate the complexity more easily. Above all, the design must support
different strategies for sorting and setting priorities.
Another problem with the current design is the visualization of related cases. In the current prototype, related
cases are visualized by lines that are easy to spot when they are diagonal, but not when they are horizontal or
vertical. The viewing of these lines could be enhanced by making them slightly diagonal or curved. A more
difficult problem is that related cases may “belong” to different case handling officers. The best solution would
probably be to send all related cases to the same officer. When this is not possible, we could still visualize these
relations as all cases are in the system, for example with an outline marking, or with a connection line that
“ends” in a sticky note containing information regarding the whereabouts of the related case.
To get an overview of a large amount of cases is potentially a problem. In our current design, we can only
display a limited number of cases on the screen at the same time. For a large number of ongoing cases, the user
has to scroll the tray vertically (each tray can be scrolled separately). The same situation occurs horizontally if
the user works with many different case types and wants to have a separate tray for each type. Alternative
solutions are to provide trays that can be folded and unfolded horizontally or use the bifocal display concept
(described above). We could also use a zoomable user interface. When the workspace is zoomed out, all the
cases can be displayed but without any detailed information (resembling the minimized view in Figure 5).
However, we need to conduct further studies to find out more about how the users work with large numbers of
cases, and how many cases they work with on an average day.

CONCLUSIONS AND FUTURE WORK
This paper gave a brief overview of a previous study which we conducted to better understand how case
handlers at a branch of the Swedish national tax and registry office estimate their workload in a paper-based
case handling situation. The aim of this study was to design a prototype that would support overview and control
over one’s workload, in order to address stress related complaints often associated with the introduction of
computerized case handling systems. Based on the findings of this study a prototype system was developed
using the piles metaphor. An evaluation of this prototype identified several problems with the piles metaphor.
The knowledge gained from the previous study and the evaluation of the piles prototype, as well as a review of
the literature on information visualization was used to design and evaluate a new prototype based on tiles.
Although this prototype has shown some advantages over the piles prototype for being more effective in
allowing the users to get an overview of their workload and organising their tasks, there are still some issues
which need to be addressed. Our goal is to further develop the tiles prototype by incorporating the user feedback
from our current evaluation, and re-evaluate the next version of the prototype in a real work context with more
users.
However, our experience has so far demonstrated that providing overview and control for case handling work is
a complex problem where there may not be a single straightforward solution. As the problem concerns work
context and occupational health issues, it is also difficult to fully evaluate long-term effects of different designs.
Nevertheless, we are convinced that a design process which considers occupational health issues is an effective
way of designing solutions that address the workload overview and control problems associated with computersupported case handling work.
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