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Abstract: Human-centred design has recently received growing awareness within several organisations. However,
the successful deployment of a human-centred design approach is very complicated. It requires a shift of focus in
the entire development process, by all participants in the process, away from a general focus on technology to a
focus on usability. A very important tool for communicating the shift of general attitudes in a developing organ-
isation is the system development model. This paper describes a general modelling approach especially useful
for organisations to analyse their current development process and converting to a user-centred process. The pro-
cedures for reengineering system development work is particularly useful as it helps organisation to specify their
user-centred design model at the same time as it teaches their developers user-centred design. This approach has
been successfully applied at the Swedish National Tax Board, and the result of this case is described herein.

Keywords: Usability, user-centred design, iterative design, prototyping, system development process.

1 Introduction

The major goal for every professional involved in
user interface development should be to develop
systems that are usable. Usability has been defined
in ISO 9241-Part 11 as the extent to which a pro-
duct can be used by specified users to achieve speci-
fied goals with effectiveness, efficiency and satisfac-
tion in a specified context of use [International Org-
anisation for Standardisation, 1998]. To be able to
reach these goals user-centred methods are preferable,
whereas there is no guarantee for usable systems
with a user-centred method.

Today, very few would question the relationship
between usability and user-centred design (UCD). To
be able to design a usable interface to a system,
active user influence is essential. UCD must be won
every day, and the discussion and development of
processes, methods and tools for this are contin-
uously needed in every organisation.

1.1 Designing for usability

According to Gould and Lewis user interface deve-
lopers often tend to believe that good interface
design is a question of getting it right the first time
[Gould & Lewis, 1985]. Rather, to be able to design
usable systems, continuous iterations are needed to
be able to evaluate the usability with real users.

Gould et al. [1997] defined four basic principles for
developing usable software based on observations
from projects within their company, IBM:

» Early, and continual, focus on users: designers
must understand who the users will be by
directly studying their cognitive, behavioural,
anthropometrical and attitudinal characteristics,
in part by studying the nature of the work
expected to be accomplished, and in part by
making users part of the design team.

* Empirical measurement: intended users should
actually use simulations and prototypes to carry
out real work, and their performance and reacti-
ons should be observed, recorded and analysed.

e [Iterative design: a cycle of design, test and mea-
sure, re-design, repeated as often as necessary.

¢ Integrated design: wherein all aspects of usability
evolve together.

A user-centred approach to system development and
design should in all situations be preferred. The main

reasons for this are two:

* End users are experts on their work and therefore
the only ones that can describe it.

¢ End users are the ones that are most suitable for

testing and evaluating prototypes and systems
that are developed for them.



But, on the other hand, user participation idese-

lopment project is never, in itself, guarantee for a
usable system. Abundant dence of this is furnish-
ed by the large number of computer systems with

severe usdlity problems that exist in workingjfe

today and the vast number of projects that have failed

before becoming a working system.

1.2 ISO 13407 Human-centred Design

A successful user-centred development process
should be based on a fairly well defined, and
controlled, iterative system development model.
This is one of the key principles behind fully
integrating a user-centred approach into an existing
development framework. One possible way of doing
user-centred design is to use the international
standard ISO 13407 “Human-centred design process
for interactive systems” [International Organisation
for Standardisation, 1999]. ISO 13407 is an
approach to human-centred software- and hardware
development that identifies four basic principles:

e active involvement of users and a clear under-
standing of user and task requirements,

e an appropriate allocation of functions between
users and technology,

e the iteration of design solutions, and
e multidisciplinary design.
Human-centred design according to 138407 invol-

ves: 1) Understandingnd pecifying the context of

use, 2) Specifying useand oganisational equire-
ments, 3) Ryducing design solutiongnd 4)Evalu-

ating designs against requirements, to determine how

to further pursue the development (c.f. figure 1).

identify need for
human-centred
design

understand & specify

the context of use \\

system meets’ ] specify user &

evaluate designs

v I specified functional, organisational
against requirements

user & organisational N
. requirements
requirements

\
\ produce design /

solutions

Figure 1: The ISO 13407 principle for a “Human-
centred design process for interactive systems”.

However, our experiences from several different
development domains shows us that even such a
simple model is easy to misinterpret and to misuse.
It is inevitably so that user-centred design is a

difficult approach to take in and make your property
in a way that makes continuous iterations a natural
and obvious approach in all your work. For this
reason we have focused our research on overcoming
the obstacles of learning developing organisations to
improve their user-centred design approach.

2 Reengineering the systems
development process for UCD

Reengineering system development work is a techni-
que for understanding the current system develop-
ment model within an organisation and to introduce
new procedures and practices in the development
work. Most organisations have a commonly agreed
upon system development model, but it is very sel-
dom that this model gives a correct image of the
ways in which system development work is perfor-
med. The system development model can be a good
way of introducing somebody to the general princip-
les controlling the development work, but to be able
to really understand the methodology that the organ-
isation actually deploys one need to see it from
within. This is true both if the system development
model is unique and specific to the organisation and
if the organisation is using a well-known commer-
cial development model such as the Rational Unified
Process (RUP) [Kruchten, 1998] or Dynamic
Systems Development Method (DSDM) [Stapleton,
1995]. To be useful for a particular organisation,
such a commercial development model must be cust-
omised to the organisation's specific needs. There-
fore, the model is in itself not a good description of
the way the organisation and its individuals per-
forms development. Nor can the participants in the
development work describe how they actually work.
These procedures have become tacit.

The reengineering approach described in this
paper has a structure that is very dependent upon the
development tradition in which it is applied. It uses
the organisations current development process to
model system development work. It should normal-
ly be performed in modelling sessions with represen-
tatives of the different actors in the organisation’s
system development projects. Participants could for
example be the users of the system development
process, e.g. end-user representatives, system develo-
pers, software engineers, Graphical User Interface
(GUI) designers, project managers, staff responsible
for the maintenance of the organisation’s methodolo-
gical framework, and, above all researchers or experts
in user-centred design. Having the actual users of the
system development model specify the very model
themselves is an efficient way of teaching the new
practices, which receive confidence within the
organisation. The following activities should be per-



formed, focusing on usability and user-centred

design:

1. Analyse and describe the current development
process with its advantages and shortcomings.

2. Specify the roles in the organisation and their
specific competence, skills and experiences (espe-
cially when it comes to experts in GUI design or
usability).

3. Define an organisation specific definition of a
user-centred design process.

4. Specify the key issues that the organisation needs
to focus the development work on in the future.

5. Identify additional or complementary methodolo-
gical steps to facilitate user-centred design.

6. Identify which of the current methodological pro-
cesses that does not meet its expectations in con-
tributing to the solution. This is an essential
step. Usually, adding more methodological steps
to complex development processes often fails in
meeting its expectations.

7. When applying the new “process”, be open to the
need for more ad hoc solutions as the develop-
ment goes on.

Note that a development model is not a steticu-

ment but adynamic description that typically is

modified for every project that is performed.

2.1 Relation to commercial system development
methodologies

Note that e.g. RUP always needs to be customised
to fit each project. The approach we suggest does not
contradict that, rather the approach helps in the
process of customising RUP to user-centred design.

3 CASE: User-Centred Design at
the Swedish National Tax Board

This part of the paper explains our experiences when
defining and applying the approach of reengineering
the systems development process for user-centred
design at the Swedish National Tax Board. This is
an organisation with approximately 13.000 end-
users, 400 simultaneously running applications
developed using most of the publicly available
technologies. Its systems development is performed
by an in-house development organisation.

Successful deployment of user-centred design
requires management support for the approach. Luck-
ily we had a mandate from the general manager of
the organisation to pursue with the introduction of a
user-centred design approach in the organisation.
User-centred design had been written into the overall
goals of IT development in the organisation.

3.1 Defining user-centred design
Producing an own definition of user-centred design
increased the awareness and made the organisations
requirements on the development process more
concrete. The definition was based on general defini-
tions [e.g. Gould et al., 1997; ISO 13407] including
aspects specific for the domain in question.
User-centred design at the Swedish National Tax
Board means applying the following principles:

e Work controlled development. Early focus on
users and tasks. The designer must understand
the users, their cognitive behaviour, attitudes and
the characteristics of the work. Appropriate
allocation of function between the user and the
system is also important to prevent unnecessary
control and pre-emption.

e Active user participation throughout the project,
in analysis, design, development and evaluation.
This requires a careful user selection process
emphasising the skills of typical users, both:

o  Work domain experts (continuously through
the development project)

o Actual end-users (for evaluation of various
design results)

Early prototyping to evaluate and develop design
solutions.

e Continuous iteration of design solutions. A
cyclic process of design, evaluation and redesign
should be repeated as often as possible. The eva-
luation process should mean empirical measure-
ment in which experiments are performed with
prototypes with which real users perform real
tasks with the purpose of observing, monitoring
and analysing the users’ reactions and attitudes.

Multidisciplinary design teams. Include a usabi-
lity designer in the process.

» [Integrated design. Continuous developments of
the system, the work activity, on-line help, edu-
cation, organisation, etc. in the development
work.

It was especially important for the organisation to
manifest the role of the users. The organisation had

strong experiences in user pipation but felt a

strong need to focus more upon the role of the user.

3.2 Shortcomings and possible improvements of
the current development process

The modelling sessions identified the following five
major obstacles towards successful user-centred
design in the organisation:

1. Problems understanding iterative design
Through several years of co-operation with the
Swedish National Tax Board we have observed the



difficulties for the developers to really understand
the concept of iterative design (c.f. figure 2).

Work activity goals
Design goals
Design constraints

Feedback Analysis

Evaluation

Figure 2: The cyclic process of analysis, design,
evaluation and feedback that is so central to user-
centred design.

 identify appropriate phases for participation and
describe their characteristics, e.g. for analysis,
design, evaluation, and construction.

It contained guidelines on user feedback, i.e.
¢ Collect and document all the user comments.

e Address all user comments and make decisions:
- to change in accordance with the comment.

- not to make the change (especially in this case it
is important to inform the users of the outcome
of the decision and the reason for the decision).

* Report the decision back to the users.

Finally the organisation needed guidelines on user
selection, e.g. based on:

¢ Randomised sample or stratified sample (e.g. by
maximising user differences).

* Users that are flexible and prone to change, with

Developers regarded iterative design to be merely the @ high degree of social competence.

making of a phone call to a user that they knew, to « Representativeness, i.e. whether they represent a
get some pecific information. It was necessary to particular group of users.

identify some minimum equirements for iterative .  participation needs to be voluntary. Channels for

design. Therefore, each iteration must contain:

* aproper analysis of the user’s requirements and
the context of use,

e aprototype design phase, and

* adocumented evaluation of the usability of the
prototype that must result in suggestions for
modifications in the following prototype design.

2. Guidelines for “using” users

The Swedish National Tax Board has an impressing
tradition of involving users in their development
work. But which users they involve, where, when
and how in the process was decided without any
defined regulations. Several problems of this nature
have been observed. For example, extensively user
involvement in inappropriate phases could result in
less effect in the phases where the development
would benefit the most of their active participation.
The user representatives faced the risk of becoming
alienated from their ordinary work. With their
increasing experience in user participation they more
or less became professional project workers. The
solution to this problem was to define process
guidelines to be used by the project manager when
planning the user participation, in the project. The
guidelines are important to:

* specify where, when and how the users should
participate in the development process,

» stress the importance of approaching the user’s in
their own work environment,

* use a familiar concept terminology for the users,

anonymous user feedback must be provided.

* Users should be in majority in the project, or at
least not solo.

It is important to distinguish bseen users and

domain experts (not really users any more but ex-
perts at the work task at hand, e.g. staff representing

the jurisdiction behind a work task). Userstigipat-

ing in a project lose their sense of acting as represen-

tatives already after a couple of weeks full tidee-
lopment project work.

3. Earlier prototyping

The user interface design process was extensively in
need of modification. Issues relating to usability or
to the design of the user interface were typically
brought up very late in the development project.
Proportionally the user interface received far too
little attention in relation to its proportion of the
program code. Several previously made decisions
had limited the design space, having severe effects
on the potential for creating usable interfaces.

The suggestion was to focus more on work with
prototypes (low-level mock-ups) very early in the
project. The early prototypes should be possible to
use to capture basic usability requirements.

Based on the organisation’s tradition of user
participation, the prototyping process was suggested
to be a collaborative process, in which the user
interface designers could work intimately with the
potential users of the system. Such a collaborative
prototyping session could typically consist of:



* Specification of a few typical usage scenarios,
representing the most frequent operations per-
formed.

» User interface design in parallel design teams
using low-level mock-up tools.

* Bringing the different teams together to refine the
design suggestions.

Note that these collaborative prototyping sessions
does notneed to be gecially time consuming;

rather several iterations of the above couldnte=ele
in half a day.

Finally the issue of contextual prototyping was
brought up. Based on the observation that several of
the developers never had actually seen the work
setting, (nor did they show any interest in visiting
it), we suggested to move and distribute the deve-
lopment team members in the user organisation for
the developers to be able to meet the users directly.
Through this several misconceptions could be solved
undramatically and informally. Distributing the de-
velopment team should not have any significant
negative effects due to their relatively big maturity
when it comes to communicating and co-operating
on a distance.

4. The role of the usability designer

The term design, with the purpose of describing the
development of the user interface is often misinter-
preted for design as the label for the entire develop-
ment process, which inevitably makes all system de-
velopers user interface designers. This is neither
good nor correct since only a small part of all the de-
cisions that are made during the development are di-
rectly related to the design of the user interface.
Design of the user interface requires special know-
ledge and competence, not just common sense. We
strongly argue that experts in the field should per-
form the design of the user interface. The professions
that could be shouldering the role of caring for the
usability and designing the user interface we call the
usability designer (U-designer) (c.f. Figure 3).

Usability designer

Developer organisation User organisation

Objects How?
"We take care

=) Why?
Data model Y =) of patients...”

When?
Tools

Figure 3: The usability designer to support the
user-centred design.

The U-designer is in charge of and handles the
usability-related activities. The U-designer needs
knowledge and competence within several different
areas such as psychology, behavioural sciences,
layout, typography, system science, computer
science, and development tools. All of these areas
are important parts of human-computer interaction
(HCI). HCI can in a structured and scientific way try
to provide methods and tools for being able to
develop usable systems. The U-designer must have
basic knowledge on methodology and deeper
knowledge and understanding of HCI. The role be-
comes kind of a link between the users of a system
and the system developers.

5. Integrated design
The problems achieving a well functioning usen-
tered development methodology akee to facts out-
side of the actual system development project. It has
been kown for ®veraldecades Ljeavitt, 1958] that
changing the information technology suppcannot
be made whout an effect on the organisation, the
work activity, the human beingnd hs/her compe-
tence. In fact, they all influence one another so that
an attempt tachange either ofhem inevitably will
result in needs tehange the othe. It is important
to be aware of these changes in advance, to be able to
meet them with appropriate actions.

If the information technology development could
be regarded as a motor in this development process
we believe that a lot could be gained. Working with
all four areas simultaneously is a formidable task,
which few systems development projects have had
the ability, time and knowledge to carry out success-
fully. We believe, however, that user-centred design,
together with, for instance, management commit-
ment, user commitment and objectives, and well-
defined goals, are all important contributors to the
success of such an undertaking.

3.3 Modelling user-centred process activities
Modelling the specific activities of the usmmtred
system development processid especially focusing
upon the user interface design process, can be used to
efficiently justify a usekentred development process
within the development ganisation. We decided to
model the development process using the current
techniques that were well known for the participants
at the Swedish National TéBoard. We modelled the
current development processasd based on the
results of this we esthbhed the future processes in
close co-operation with the user representatives. The
following people pticipated in these modelling
sessions; two representatives of skilled domain
experts (professional user representatives), one
skilled development project manager from the organi-



sation, one senior modellingedder from the
organisation, one usability analyst from theaomi-

sation and two usdilly designers who were also

academic reseehers. The work was perfoned in

eight full-daymeetings with a considerable amount
of reporting anddocumentation work in relation to

and after thesenodelling sessions. Thadevelopment
methods used were the organisations’ ownhoux
that were adapted to theexific conditions of this
specific work item. This work wasomplemented

with observation-interviews of the user interface de-

velopers within the organisation.

The current status of the development process
proved to be a very waterfall-like development
method with clearly defined steps in the develop-
ment specifying the object model (data model), busi-
ness processes and after this was done engineering
the user interface (rather than designing it). The
future model (see Figure 4) only describes the user
interface design process although we observed the
need to focus more on the steps taking place before
this process, such as the development of the new
work situations and the new business processes.

3.4 Problems in current development processes

The very common technique of use cases and use
case modelling [Jacobsson 1., Booch G., Rumbaugh
J., 1999] can from the outside be regarded as the
ultimate solution to be able to have a high degree of
user participation and develop usable systems.
However, this has proven not to be the case. We
have found several problems in the use of use cases
as a technique or description (and as a methodology

— use case modelling) in conjunction with a user-
centred approach. The problem areas can briefly be
divided into the following:

e Modelling seminars: the modelling seminars as
forum for gathering information in a well-struc-
tured and formal way have big drawbacks. Users
feel uncomfortable away from their work context
and have to learn and communicate through an
abstract modelling language and notation.

»  User participation and selection of users: repre-
sentative users are often not participants in the
seminars. Instead the participants tend to be sel-
ected experts of the target domain, who already
have a lot of presumptions of the forth-coming
system.

o User-centred activities (methods): use case mod-
elling seminars are used as the only source for
understanding the users and their work tasks.
Other more user-centred activities such as user
analysis and task analysis are seldom performed.

o [terations: analysis, design, redesign, evalua-
tion: once you have decided on a use case model,
it is too complex and complicated to change.
The description of the model becomes a burden
itself. Normally the possibilities of iterating the
use case models are limited.

* A shift of focus: the focus for the use case semi-
nars and the models are often the notation in it-
self. Once you start to describe the tasks in the
domain with a formal notation, you shift focus
from investigation to drawing.
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they turned out in our case at the Swedish National Tax Board.



* Project roles: real end-users are not recognised as
the valuable source of information that they are.

Based on these drawbacks wan conclude that there

is a need to definadditional methods orethniques

to complement the use case modelling process. Such
methods can include, but is not limited to, users/task

analysis, scenario specificatioechniques for proto-

typing or parallel design. When the organisation has

defined their view on user-centred design goetiied
their adapted &mework for user-centred design there
is a good reason to, howewawntroversial gquestion
the necessity to perform use case modelling at all.

3.5 System development and business processes
Traditional system development methodologies
make a clear distinction between the development of
the business processes (in RUP this is the business
modelling) and the system development process (c.f.
Figure 5).

Eeedback ?
3 1

Development of business Svstem devel )
processes ystem development process

Prototyping activities
Figure 5: Relation between the system develop-
ment and the development of business processes in
real life.

To be able to start system development work you
need a cleaexpression of the business goalsd a

description of the business processes. Usually usabi- *

lity related activities are first iraduced in the sys-

tem development project. And, even then, the system *°

development projectnay run for quite some time

before issues relating to the user interface are re-

garded.

In the system development process the business
processes are mainly regarded as frozen specifications
that may not be modified. Even if the organisation
has a high usability maturity level and accepts the
notion of iferative design, it is very common that
the business processes needs to be modified as the
development work gets into aspects that are more
concrete for the users, such as prototypes. It is
therefore very important to have an open door to-
wards modifying the business processes because of
factors occurring during early prototyping phases
(c.f. Figure 5). The development project must clearly
recognise the business processes as dynamic in this
phase.

Otherwise one could start from the prototyping
level, even before you have your requirements, and
use creativity methods to brainstorm the user
interface design on a very low level (c.f. Figure 6).

Feedback ?
L) 1

Development of business System development process
processes 4 P p

1
Prototyping activities
Figure 6: Prototyping during the business pro-
cess development to earlier elicit requirements
understandable for the user.

In this way you shouldave thepossibility of en-
hancing the sKs present at thelevelopmentsite.
Still, this approactdoes notmean that you can live
with frozen business processes at some stage.
At this point it is tempting to use prototyping as
a main framework for the growth of the software pro-
duct. We have the possibility of building on our
early prototypes and adding functionality to the usa-
bility prototype. According to this approach there is
no clear distinction between the development of the
business processes and the system development pro-

cess (c.f. Figure 7).
System developme@

1T 1 1 1T 1T 1

Prototyping activities

Development of business
processes

Figure 7: Early and continuous prototyping makes
the software “grow”.

With this approach we anticipate the following
advantages:

Noticing severe misunderstandings in the busi-
ness processes much earlier.

Facilitating user participation already from the
initial business processing by tools and termino-
logy that is concrete and familiar to the users.

* Facilitating true iterative design as it is not based
on frozen specifications.

* Producing results that are easy to evaluate early.
* Possibly speed up the development process.
* Prevent project breakdown.

4 Summary and conclusions

Shortly after we had finished modelling the future
development process at the Swedish National Tax
Board, the organisation decided to purchase the
Rational Unified Process (RUP) as their new
development framework. At that point several of our
co-operation partners suspected that the work we had
performed would have been wasted. The faith in
commercial development packages is initially almost
infinite. However, RUP quite quickly proved not to
meet the expectations when it came to solving all
the problems with the current development model.
The shortcomings when it comes to the lacking



usability focus and lack of support for use centred
design became obvious almost immediately. There-
fore the organisation specific model for user-centred
design that we had developed proved to provide
substantial input for what needed to be customised
or modified with RUP.

Reengineering the systems development process
for user-centred design for a software development
organisation does provide the requirements needed to
be able to customise the development method for a
more user-centred design approach. The approach
also helps highlighting in what way the commercial
development models fails in addressing usability
issues and aspects relating to user-centred design. It
also provided the development organisation with a
tool to help them understand in what way user-
centred design should be designed and what their
current development models lacked.

This reengineering approach differs quite a lot
from the methods provided by RUP for customising
the development processes for the organisation at
hand in that it is based on the organisations own
procedures that are very familiar to them.

Finally, using this approach could potentially
help the organisation to solve two very common
problems that large in-house development organi-
sations face, and that are not that often highlighted:

* Adapting projects to the old environments.
System development strategies suffer from the
fact that it is not possible to modify the entire
computer system at the same time. Very often
poor design solutions are blamed on the need to
adapt to the current system and its limitations.
By modelling the development process from a
user-centred perspective and taking the entire
business process and system development work
into account, factors influencing the definition of
development projects can be highlighted.
Through this one can decide initially how to
attack this problem.

e Off-the-shelf products. When adopting a user-
centred approach it is very difficult to efficiently
be able to customise commercial off-the-shelf
products to the work processes that it is suppos-
ed to support. The tendency rather becomes that
the work is adapted to the product, which very
often results in usability problems when interact-
ing with the product. Rather, a user-centred mod-
elling approach could help setting the require-
ments on these products.

By applying thisapproach to othewpes of org-
anisations, something that isaphed for in thenear
future, we will be able to achieve the following:

e Education. We need to specify the education
program on user-centred design for the partici-

pants in the modelling sessions. Here, it is im-
portant that a lot of this material is introduced as
it is found appropriate during the modelling ses-
sions. Every organisation is unique in its needs
and in what processes they can learn to manage.

¢ Documentation. We need to define a framework
for the documentation of the findings when
using the approach.
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