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ABSTRACT

This thesis investigates the role of user involvement in the early phases of product
development. It is generally believed that usability and more accurate user
requirements are achieved through the involvement of potential users in product
development. First, the benefits and challenges of user involvement identified in the
literature were reviewed. It was discovered that early user involvement has positive
effects on user and customer satisfaction and requirements quality, but it may
additionally have negative effects on product development time and cost.

A practical approach to early user involvement referred to as 'user study'
was synthesised to find a way to apply cost-effectively early user involvement to
real product development contexts. The goal of the user study is cost-effectively to
gather data on users and their needs and to translate them to user requirements that
support the development of useful and usable products.

The user study approach was then evaluated in four case studies in five
different product development companies. The first and second study focused on
the usefulness of user studies. The third study investigated introducing the user
study approach to a real product development context. The fourth study concerned
representing the results of user studies: bridging the gap between user needs and
user requirements. The results presented in the thesis reveal that early user
involvement is useful even in a short time frame with relatively low costs. The
results additionally provide further support for the successful implementation of
user involvement in the early phases of the product development.

© All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording, or otherwise, without the prior permission of
the author.
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Terms and definitions

The basic terms used in this thesis are described here. The Finnish translations of
the terms are shown in brackets.

Context of use (käyttöyhteys) – Users, tasks, equipment, and physical and social
environment in which a product is used (ISO 9241-11: 1998; ISO 13407: 1999).

Customer (asiakas) – The person, or persons, who pay for the product and usually
(but not necessarily) decide the requirements (IEEE Std 830: 1998).

Requirement elicitation (vaatimusten hankinta) – The process of discovering the
requirements through consultation with stakeholders, from system documents,
domain knowledge, and market studies (Sommerville and Sawyer, 1997, p. 11).

Requirements engineering (vaatimustenmäärittely ja -hallinta) – Requirements
engineering covers all of the activities involved in discovering, documenting, and
maintaining a set of requirements for a system (Sommerville and Sawyer, 1997).

Usability (käytettävyys) – 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; ISO 13407).

Use case (käyttötapaus) – A way of using the system. A use case describes the
possible sequences of interactions among the system and one or more actors in
response to some initial stimulus by one of the actors (Rumbaugh, 1994).

User (käyttäjä) – An individual interacting with the system (ISO 9241-11: 1998;
ISO 13407: 1999).

User-centred design (käyttäjäkeskeinen suunnittelu) – The attitudes and
approaches used for developing usable systems (Karat, J., 1997, p. 35).

User involvement (käyttäjien osallistuminen tai mukaantulo) – A general term
describing direct contact with users and covering several approaches.

User needs (käyttäjätarve) – User needs refer to problems that hinder users in
achieving their goals, or opportunities to improve the likelihood of users' achieving
their goals. An important factor affecting on user needs is the context of use.

User requirement (käyttäjävaatimus) – Any function, constraint, or other property
that is required in order to satisfy user needs. User requirements are elicited from
users and described from the user and customer point of view.
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1. Introduction

Understanding customer needs is frequently seen as a success factor in product
development. In particular, it is important in the beginning of the development,
when requirements are defined. If customer needs are poorly understood in the
beginning, it leads to rework later. For example, Blackburn et al. (2000) found that
more time and effort invested in the early stages of a software project yields faster
cycle times and higher productivity.

The source of information plays an important role in understanding customer
needs. Keil and Carmel (1995) found that more successful software development
projects employed more direct links to users and customers. Similarly, Chatzoglou
and Macaulay (1996) show that users as the main source of information decreased
the number of iterations needed. A user is an individual interacting with the
product, whereas a customer is a person who pays for the product or who orders it.
Even if customers and users have different motivations toward products, the roles
are frequently overlapping and both groups are important information sources and
stakeholders in product development. Customers are generally considered to be the
more important, because they pay for the product. However, users are also
important, because they use the ultimate product. In addition, as Coble et al. (1997)
point out, the customer's primary goal is generally to buy a system, which supports
users in their tasks. In this thesis, the focus is on users.

Usability is a key concept in understanding how to support users in their
tasks. It represents the extent to which a product can be used by specified users to
achieve their goals with effectiveness, efficiency, and satisfaction in a specified
context of use (ISO 9241-11: 1998; ISO 13407: 1999). The benefits of usability can
include increased productivity, enhanced quality of work, reductions in support and
training costs, and improved user satisfaction (ISO 13407: 1999). This broader
definition of usability implies that, in order to develop a successful product, a
designer needs to understand what kinds of persons will use the product, what they
want to achieve, and in what context they will use it. According to this view, it is
apparent that direct contact with users is crucial.

Thus, it is generally agreed that usability is achieved through the involvement
of potential users in system design (Karat, J., 1997; Bekker and Long, 2000; Wilson
et al., 1997). Moreover, in theory, user involvement is most efficient and influential
in the early stages of system development as the cost involved in making changes
increases during system development (cf. Ehrlich and Rohn, 1994; Noyes et al.,
1996).

However, as John Karat (1997) points out, it is less apparent what the best
techniques in user participation are. Real product development operates under
heavy time and resource constraints. The results of Heinbokel et al. (1996) suggest
that user involvement may even disturb the process of software development.

This thesis concentrates on how to apply early user involvement in real
product development contexts. The focus is on products that include software and
are developed to a large market of customers. The particular interest is in how to
study users in order to gather user needs and represent them in user requirements.
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The following sections give a background to the presented papers, describe the
essential notions, and state the research problems and goals.

1.1 Research focus

The research presented in this thesis is carried out within the disciplines of human-
computer interaction (HCI) and requirements engineering (RE). Human-computer
interaction is a discipline concerned with the design, evaluation and implementation
of interactive computing systems for human use and with the study of major
phenomena surrounding them (ACM SIGCHI, 1996). HCI is an interdisciplinary
area, where the focus is on interaction between humans and computational
machines.

Requirements engineering (RE) is a sub-discipline of software engineering.
Software engineering is concerned with methods, tools, and techniques for
developing and managing the process of creating software products (Sommerville,
1996). Requirements engineering focuses on the early phases of software
development, where decisions are made on what to implement, and where the
foundation is laid for the later phases that determine how to implement it (Regnell,
1999).

Both HCI and RE aim to develop useful and usable computer systems, but
currently they form two distinct disciplines with different concepts and methods
(Coutaz and Taylor, 1994). RE has a focus on development, and the focus of HCI is
on usability.

Gould and Lewis (1985) introduce the principles of user-centred design, but
only in recent years has the HCI community generally adopted the title "User-
Centred Design" for describing the approaches used for developing usable systems.
Usability engineering frequently has a narrower focus on defining measurable
usability goals and testing the product against those goals (Wixon and Wilson,
1997). Tyldesley (1988) defines usability engineering as "a process whereby the
usability of a product is specified quantitatively, and in advance". Wixon and
Wilson (1997) clarify the definition of usability engineering as a process for
defining, measuring, and thereby improving, the usability of products.

In addition, usability is one of the essential product attributes for software
engineering. As a result, users' needs and perspectives are becoming more salient
(e.g. Rumbaugh, 1994; Fairley and Thayer, 1997). However, in software
engineering usability occasionally means only that software should have an
appropriate user interface and adequate documentation (Sommerville, 1996). In
HCI and this thesis, following John Karat's (1997) description, usability is not
considered limited to the display and keyboard interface between human and
machine, but rather it is considered to encompass how an artefact fits into a
complex work or home environment.

Even if usability is considered chiefly in the HCI literature, it has been a
major factor in the user's overall perception of quality in interactive systems (Dzida
et al., 1978). In addition, software engineers do not want to have usability methods
and processes separate from software engineering (Carlshamre and Rantzer, 2001).
Thus, RE and HCI can be considered complementary to each other and they should
be more closely associated. This thesis focuses on the early phases of product
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development, utilising both the human view of HCI and the practical development
view of RE.

1.2 User-centred design

User-centred design is the general approach used in this thesis. The goal of user-
centred design is the development of useful and usable products, although there
appears to be no agreed-on definition or process for it (Karat, J. 1997, p. 36-37).
However, the principles that Gould and Lewis (1985) present are generally
accepted. The principles are:

1) Early focus on users and tasks
2) Empirical measurement
3) Iterative design

The first principle includes the idea of user involvement: Gould and Lewis
(1985) recommend bringing the design team into direct contact with potential users,
as opposed to hearing or reading about them through human intermediaries, such as
marketing, sales, and users' managers. These kinds of indirect links are considered
less desirable because they can filter and distort the information gathered about
users (Keil and Carmel, 1995). For example, managers may not be aware how the
job is really accomplished in practice.

The second principle of user-centred design implies that early in the
development process, intended users should use simulations and prototypes to carry
out real work, and their performance and reactions should be observed, recorded,
and analysed. The third principle suggests that, when problems are found in user
testing, as they will frequently be, they must be fixed. Gould and Lewis (1985)
suggest a cycle of design, test, and measurement, repeated as an alternative to the
waterfall models.

Gould and Lewis (1985) do not specify what 'design' means in the overall
software development. User-centred design activities are recommended ideally to
take place throughout the lifecycle of the product, with significant activities
happening at the early stages before the user interface has been designed (Nielsen,
1993). Since Gould and Lewis's classic article, these ideas have been elaborated,
and methodological approaches to usability engineering have been introduced by a
number of authors such as Mantei and Teorey (1988), Nielsen (1993), Wixon and
Wilson (1997), and Mayhew (1999).

Mantei and Teorey (1988) describe how the traditional and prototyping
lifecycles change when human factors activities are added to form one iterative
lifecycle. These changes are shown in italic in Table 1. Nielsen (1993) and Wixon
and Wilson (1997) take the usability engineering point of view, and they include
setting and measuring the usability goals within their lifecycle descriptions. Their
descriptions concentrate on user interface design, whereas Mayhew (1999)
incorporates usability engineering into general software development lifecycles.



12

Mantei and Teorey (1988) Nielsen (1993) Mayhew (1999)
Market analysis
Feasibility study
Requirements definition
Product acceptance analysis
Task analysis
Global design
Prototype construction
User testing and evaluation
System implementation
Product testing
User testing
Update and maintenance
Product survey

Knowing the user
Competitive analysis
Setting usability goals
Parallel design
Participatory design
Coordinate design of
the total interface
Applying guidelines
and heuristic analysis
Prototyping
Empirical testing
Iterative design
Collecting feedback
from field use

Requirements analysis
- User profile, task analysis,
platform capabilities/constraints,
general design principles
-Usability goals
Design/testing/development
-Work re-engineering, conceptual
model design, CM Mockups,
Iterative CM evaluation
-Screen design standards, SDS
prototyping and iterative
evaluation
-Detailed user interface design
and evaluation
Installation
-User feedback

Table 1. The usability engineering lifecycles.

In addition, ISO 13407 (1999) identifies four principal activities of user-
centred design. These activities are:

a) understanding and specifying the context of use, including the
characteristics of the intended users, the task users are to perform, and the
environment in which they are to use the system,

b) specifying the user and organisational requirements in relation to the
context of use description,

c) producing design solutions iteratively by using user feedback,

d) evaluating designs against requirements at all stages in the system life
cycle.

ISO 13407 (1999) provides guidelines for planning the user-centred design
process and user-centred design activities, but does not describe specific techniques
or methods for the activities.

The benefits of user-centred design are discussed in Study I of this thesis.
Mantei and Teorey (1988) introduce the topic of cost-benefit analysis of usability
engineering by discussing the cost of incorporating a wide range of usability
engineering activities into the development cycle. Bias and Mayhew (1994), Clare-
Marie Karat (1997) and Lund (1997) provide a framework for cost-benefit analysis
and discuss several excellent examples of cost-benefit analysis, demonstrating that
usability activities bring value to corporations. The following are brief examples of
the estimated benefits.

Increased sales. Based on "buy decision" data from usability tests and surveys, it is
estimated that the new usability-engineered system will have sales that are 25%
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higher in the first year compared with "product development as usual" (Karat,
1994).

Increased user productivity. In one case, the reduction in user time to complete
the first three tasks from the initial to the final version was 4.67 minutes after three
iterations of usability design and testing (Karat, C., 1997). The application had
22876 end users, so the working time saved was 1781 hours. The cost-benefit ratio
of task analysis, development of a low-technology prototype, three iterations of
usability testing, and redesign was evaluated to be 1:2. In another case, the
reduction in time on task from first to final user interface was 9.6 minutes on
average after a benchmark test, development of a high-technology prototype, three
iterations of usability prototype testing, and redesign (Karat, C., 1997). The cost-
benefit ratio of the usability work was evaluated to be 1:100.

Decreased training costs. Dray and Karat (1994) estimate that a well-designed
system could decrease training costs by 35%. The project team conducted iterative
usability evaluations for prototypes and moved their offices so that they were in
constant contact with users and the context in which they performed their work.

Decreased user support. Microsoft announced that the number of support calls
dropped dramatically as a result of usability testing and problem identification,
leading to a revised design (Reed, 1992). The average time per call fell to less than
ten minutes instead of the earlier 45 minutes. Similarly, the Ford Motor Company
changed 90 percent of their accounting software for their small car dealerships as a
result of usability testing, and they were able to drop the help-line calls to zero
(Kitsuse, 1991). Earlier, it took the car dealers three help-line calls merely to get
started.

1.3 User involvement

This thesis is focused on the first principle of user-centred design: early focus on
users and tasks. It is generally agreed that usability is achieved through the
involvement of potential users in system design (Karat, J., 1997; Bekker and Long,
2000; Wilson et al., 1997). ISO 13407 (1999) "Human-centred design processes for
interactive systems" similarly recommends the active involvement of users. It is
suggested in ISO 13407 that user involvement is essential in order that the relevant
user and task requirements can be identified for inclusion in the system
specification.

It is apparent that direct contact with users is crucial in order to understand
the various contexts of use. Moreover, in theory, user involvement is most efficient
and influential in the early stages of system development as the cost involved in
making changes increases during system development (cf. Ehrlich and Rohn, 1994;
Noyes et al., 1996).

However, a clear definition of user involvement is lacking. The term has
been used synonymously with "focus on users" (Wilson et al., 1997), "contacting
with system users" (Grudin, 1991a), "consulting end-users" (Noyes et al., 1996),
and "participation of users" (Heinbokel et al, 1996). Thus, the role of users has been
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considered as being somewhere on the continuum from a passive informant to an
active participant in system development. User involvement is a general term
describing direct contact with users and covering several approaches.

In addition, as John Karat (1997) points out, it is not apparent what the best
techniques of user participation are. New approaches, such as contextual inquiry
and ethnography, focus on the early phases of development and appear attractive,
but they are generally thought to be time consuming.

1.4 Requirements engineering

Requirements engineering constitutes the earliest phase of the software
development life cycle. Regnell (1999) states that a major motive for spending time
and effort on requirements engineering comes from the objective of developing the
software correctly from the beginning, instead of patching it at the end. Davis
(1993) also compiled the results of three empirical studies, indicating that it may be
up to 200 times more expensive to detect and repair errors in the maintenance stage,
compared to detecting and repairing them during the requirements engineering
phase. He further argues that the potential impact of errors in requirements is
substantial:

• The resulting software may not satisfy users' real needs.

• Multiple interpretations of requirements may cause disagreements
between customers and developers, wasting time and money and
perhaps resulting in lawsuits.

• It may be impossible to test thoroughly that the software meets its
intended requirements.

• Both time and money may be wasted building the wrong system.

To have a successful requirements definition, it is necessary that the entire
requirements engineering process is carried through. Kotonya and Sommerville
(1998) consider the activities of requirements engineering process to include
requirements elicitation, requirements analysis and negotiation, requirements
documentation, and requirements validation. In practice, the activities are
interleaved and there is a great deal of iteration and feedback from one activity to
another. The activities are described below.

Requirements elicitation
Thayer and Thayer (1997) consider requirements elicitation to be the process
through which the customers (buyers and/or users) and the developer of a software
system discover, review, articulate, and understand the users' needs and the
constraints on the software and the development activity. In this definition, the
customers have a very active role. However, in product development, there may be
a large number of potential users, and it may not be possible to specify in advance
the exact customers and users. Thus, customers may not always be available for
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requirements elicitation and the responsibility of understanding customer needs
belongs to designers.

Kotonya and Sommerville (1998) suggest that the requirements elicitation
involves understanding the application domain, the specific problem to be solved,
the organisational needs and constraints, and the specific facilities needed by
system stakeholders. System stakeholders are those people who are affected in
some way by the system, for example users, customers, and engineers responsible
for system development and maintenance. Thus, several stakeholders are involved
in requirements elicitation. Users are some of the most important stakeholders as
they use the ultimate product. In addition, users are frequently experts on the
application domain, the specific problem to be solved and how the organisation
really functions.

In the literature, a wide range of methods are described, for example,
introspection, interviews, questionnaires, scenario analysis, and protocol,
conversation, interaction, and discourse analyses (Goguen and Linde, 1993; Maiden
and Rugg, 1996). Furthermore, there are group methods, such as requirements
workshops, where the general benefit is to acquire an agreement between the
stakeholders and the development team (Leffingwell and Widrig, 2000). In
addition, ethnographic methods have been adapted from sociology (Hughes et al.,
1995) and card sorting and laddering techniques from the discipline of knowledge
engineering (Maiden and Rugg, 1996). Finally, techniques of storyboarding,
prototyping, and use case analysis can be used to uncover missing requirements
(Davis, 1993; Rumbaugh, 1994; Leffingwell and Widrig, 2000).

Maiden and Rugg (1996) argue that more than one acquisition method is
needed to capture the full range of complex requirements for most complex
software-intensive systems. For example, Hughes et al. (1995) suggest that
incorporation of ethnography emerges from a previous insufficient attention to the
social context of work. Generally, the term "elicitation" is preferred to "capture", to
avoid the idea that the requirements are explicit and easily collectable (Karlsson,
1996; Kotonya and Sommerville, 1998).

In HCI, the most common approach to requirements elicitation is to perform
field studies, whereby qualitative methods are used to study users and their
activities in their own environment (cf. Bly, 1997; Wixon, 1995). Thus, the goal is
to elicit user needs instead of ready requirements. The reason for the relevance of
field studies is that communicating with users in a laboratory lacks the impact of
the context and possible uses of technology (Blomberg et al., 1993). The users'
normal environments additionally help them remember details of their behaviour,
and it is possible to observe them acting in their usual circumstances. In general,
field studies ensure the accuracy of the work models used in early stages of
development as they are based on actual work episodes and products (Wood, 1996).

Hackos and Redish (1998) and Wixon and Ramey (1996) describe an
extensive range of field study methods. The basic methods are observing and
interviewing, but there are several complementary methods, such as role playing,
cued recall with videotapes, thinking aloud, story telling, and artefact walk-through.
Furthermore, tasks can be represented and validated via scenarios (Carroll, 1995),
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use cases (e.g., Constantine, 1995), storyboards (Madsen and Aiken, 1993), or
prototypes (e.g. Rudd, Stern and Isensee, 1996).

In practice, requirements engineers are familiar with such elicitation
methods as observation, interviewing, and using documentation (Goguen and
Linde, 1993). On the other hand, based on a large survey of software development
organisations, Potts (1993, p. 21) states that, in product development projects,
requirements were generally invented, not elicited. These projects had a potential
market for their product, but they had difficulties in identifying the customer, and
deliberately intermingled requirements and design decisions.

Requirements analysis and negotiation
Kotonya and Sommerville (1998) claim that requirements elicitation and
requirements analysis are closely linked and interleaved processes. As requirements
are discovered during the elicitation process, some analysis is inevitably carried
out. Subsequently, the requirements are analysed in detail and requirements
engineers and stakeholders negotiate to agree on the definition of the requirements
to be included in the requirements document. Imaz and Benyon (1999) state that
analysis is moving from informal descriptions of user data to more formal design
representations, and there is no agreement on how this should be confidently and
consistently accomplished.

Requirements documentation
For designers, requirements must be expressed and documented in a structured way
(Rumbaugh, 1994). Frequently, requirements are divided into "user requirements"
and "technical requirements" (e.g. Rombach, 1990; Forsberg and Mooz, 1997;
Stevens, 1997). The terms are seldom defined, but the division suggests that there
are requirements elicited from users, and requirements that originate from technical
constraints and development.

Rumbaugh (1994) suggests that the requirements must be understandable to
users, as they must verify them. Thus, user requirements should be written from the
user point of view and using their language.

In addition, requirements documentation can be considered from the human
problem solving point of view, as in Leveson (2000), who states that specification
is aimed at the support of human problem solving. The specifications help the
designer, builder, tester, debugger, and maintainer to understand the system well
enough to create a physical form or to find problems in or change the physical
form. Leveson identifies factors influencing human problem-solving ability from
the perspective of cognitive psychology. For example, human problem-solving
performance can be improved by providing representations that reduce the problem
solver's memory load and that display the critical attributes needed to solve the
problem in a perceptually salient way. An incomplete problem representation can
actually lead to a worse performance than having no representation at all (Smith,
1989).

Thus, Leveson (2000) argues that a way to cope with complex systems is to
structure the situation such that the observer can transfer the problem being solved
to a higher level of abstraction. Here, she suggests two ways that humans cope with
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complexity: top-down reasoning and stratified hierarchies. Thus, models of
complex systems can be expressed in terms of a hierarchy of levels of organisation,
each more complex than the one below it. Further, each level of software
specifications can be thought of as providing what information, while the next
lower level describes how. In addition, Leveson seeks why information, as design
errors may result when we either speculate incorrectly about higher-level intent or
omit it from our decision-making process.

In summary, ideally we need three kinds of hierarchical documentation: why
and what information represented from a user point of view, and how information
from a technical point of view.

Requirements validation
Kotonya and Sommerville (1998) suggest that requirements validation is intended
to detect problems in the requirements document before it is used as a basis for
system development. In addition, user needs are always interpreted in user
requirements and, as Rumbaugh (1994) points out, users must verify the
requirements. This kind of user validation is consistent with the iterative design
principle of user-centred design.

1.5 User needs and requirements

In this thesis, the focus is on requirements elicitation activities, where users' needs
are discovered. However, the entire requirements engineering cycle needs to be
considered so that user needs can be utilised in product development. It is
impossible to meet all user needs; there are so many needs and some of them
conflict with each other. User needs must be discovered, but also analysed,
prioritised, described, and finally documented in user requirements.

User needs are considered to be the first and most informal data to be used
in requirements definition. The requirements engineering cycle can be seen as the
process by which user needs are converted to user requirements. Thus, user needs
form the basis for the rest of the product development; they represent problems that
hinder users in achieving their goals, or they represent opportunities to improve the
likelihood of users' achieving their goals. An important factor affecting user needs
is the context of use, which includes users, tasks, equipment, and the physical and
social environments in which a product is used (ISO 13407: 1999). The quality of
the product is not separate from the users' world, but depends on who uses it and in
which context it is used.

A user requirement can be defined as any function, constraint, or other
property that is required in order to satisfy the user's needs (cf. Abbott, 1986).
Therefore, user requirements describe how a future product can help users achieve
their goals effectively, efficiently, and with satisfaction in their context of use (cf.
the definition of usability in ISO 13407: 1999). User requirements include
information about those particular user needs that are selected and that are satisfied
by the future product. Technical requirements describe how the product will be
implemented.
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1.6 The challenge of requirements elicitation

A basic question in requirements engineering is how to find out what users really
need (Goguen and Linde, 1993). However, the elicitation of requirements
information from users is frequently problematic, as discussed by Palmer (1987).
The problem can be attributed to poor communication between users and designers.
Misinterpretations are evident between them as both sides have different
backgrounds, knowledge, vocabulary, and goals. The most frequently mentioned
requirements elicitation problems and possible solutions are discussed below and
summarised in Table 2.

Users do not know what they want, or they cannot articulate it
Frequently, users do not know what they really need, they cannot articulate the
needs, and they are unaware of the technical possibilities and the costs of their
requests. As Palmer (1987) states, users may not understand the tasks they face
sufficiently well to describe them in a manner understandable to the group
attempting to determine requirements.

A difficulty is that part of the users' knowledge has become tacit through
automation (Mitchell and Chi, 1985; Wood, 1997). In well-learned tasks, much of
the relevant knowledge is no longer consciously available for the person and non-
verbal skills and everyday self-evidences are difficult to articulate. In addition, the
social nature of work can be vital to successful operations, yet at the same time
appears to be so trivial that it is difficult to uncover (Viller and Sommerville,
1999a).

Hudlicka (1996) categorises the elicitation methods into direct and indirect
methods. She considers direct methods to be those which rely on the subjects'
abilities to articulate their knowledge in response to direct questions. According to
her, the indirect elicitation techniques imported from experimental psychology to
knowledge engineering assume that relevant knowledge is frequently not easily
accessible to conscious thought. Therefore, these methods attempt to overcome this
limitation by accessing pieces of the internal knowledge structures indirectly. This
is achieved, for example, by asking simple questions about similarities and
differences between important domain entities, or by asking the subjects to rate the
similarity of two items on a numerical scale. Hudlicka (1999) herself claims that if
little knowledge about the domain is available, it is advisable to begin with more
open interviews and use direct techniques. Indirect techniques can be used to refine
elements of the domain.

The distinction between indirect and direct methods suggests that we need
different methods for different purposes and that even implicit knowledge can be
elicited using appropriate methods. Goguen and Linde (1993) suggest that the
strengths of the elicitation methods seem to be somewhat complementary, so that
combinations of the various methods can be usefully applied to particular problems.
Karlsson (1996) shows by her case studies that different elicitation methods
complement each other, and that generally a more complete picture is provided by
field studies.
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As suggested earlier, field studies involve the study of users and their
activities in their own environment. Field methods such as those used by
ethnographers focus on understanding and uncovering the target context which is
based on unspoken knowledge (e.g. Ford and Wood, 1996). Thus, users do not need
explicitly to articulate their needs. By studying users, their activities and
environment, it is possible to understand the underlying problems and possibilities.

There are too many users to study
As Potts (1993) states, one fundamental problem for a product development project
is identifying the customer. In addition, it may be felt that practically all people are
potential users, and thus there are too many users to study. Furthermore, as Hackos
and Redish (1998, p. 111) point out, designers make several assumptions about
users that affect their decisions, and such assumptions may be mistaken if the
designers have not met the users.

It is not necessary to meet all the users or potential users if the various kinds
of users are identified, and representative users are sampled from all essential
groups. Hackos and Redish (1998) suggest considering users in terms of
characteristics such as job or task type, experience, frequency and level of use of
the product, environment, culture, and motivation. A team including, for example,
salespersons, marketing professionals, and trainers can then brainstorm a
preliminary list of users.

A new product will provide a new way of carrying out the existing tasks
The focus on users' current practices and processes may seem odd when a new
product is planned to provide a completely new way of carrying out existing tasks
and processes. However, the new product is not used in vacuum; users have needs
relating to it depending on the context of use. Thus, the future context of use must
be identified. It is accordant with users' needs to let them use their skills, retain the
advantages of current processes, and fix problems.

Users require a specific feature or technical solution
Occasionally, it is difficult to focus on users' needs, as the users request a specific
feature or technical solution. However, users are not designers and they may
believe that a specific feature solves their problems, even if it is not an optimal
solution. They may be unaware of other technical possibilities and the costs of their
request. Thus, it is a designer's task to discover the underlying user needs and
evaluate the alternative solutions.
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Problem Solution
Users do not know what they
want, or they cannot articulate it.

Alternative elicitation techniques such as field studies
provide a more complete picture without the need for
users to articulate their needs. Users are recognised as
experts in their tasks; the focus is on their goals, present
processes and context of use.

There are too many users to
study.

A new product will provide a
new way of carrying out the
existing tasks.

Users request a specific feature
or technical solution.

Identify the various kinds of users and sample
representative users from all essential groups.

In order to understand the user needs:
• The pros and cons of the present way of achieving the
user goals must be identified
• The future context of use must be identified
• Users should be allowed to use their skills, the
advantages of the current processes should be saved and
the problems fixed.

The underlying user needs should be discovered. The
users may believe this feature solves their problems but
it may not be an optimal solution.

Table 2. The problems and solutions of requirements elicitation.

1.7 Research problems and goals

The aim of this work is to study early user involvement in real product
development contexts. In the literature, user involvement is considered essential for
understanding user needs and achieving usability. In particular, early user
involvement is identified as potentially the most efficient.

In practice, it is unclear how early user involvement could be successfully
implemented in real product development contexts. It is typical that usability
testing is the only usability activity that is used in software companies (Darnell and
Halgren, 2001). However, usability tests have limitations, one of which is that
evaluation techniques (and usability tests) "react" to an existing design and thus are
aimed at "improving" rather than "creating" (Wixon et al., 1994). The success of a
usability test depends on how representative the test task and environment are. It is
not possible to facilitate users' tasks in their own environment without identifying
how and for what reason the users are going to use the product. In addition,
usability tests are often conducted so late in the development cycle that major
changes must wait until later revisions before they can be implemented (See Page,
1996).

Early user involvement plays a role in understanding user needs, including
context of use, in the early stages of product development. Field methods can be
recognised as most promising in understanding user needs as users are studied in
their own environment. However, field studies are generally considered time
consuming and effort intensive (Bly, 1997) and thus they add to product
development costs.
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The fundamental question of this work is whether user involvement is
useful in requirements elicitation even before a prototype of the system exists. As
suggested earlier, it is unclear how cost-effective it is to involve users before a
prototype exists, and how users should be involved in practice. The work concerns
field methods, and gathering user needs and requirements in the early stages of
product development. Subsequent development phases and other user-centred
activities such as setting usability goals and usability testing have been excluded.

The research questions are:

1. What are the benefits and challenges of user involvement?
Here the focus is particularly on the early phases of product development.

2. How can early user involvement be applied in product development
projects?

3. How can early user involvement be introduced to product development
organisations?

The hypotheses were formed after the first research question was answered through
a literature review. The principal hypothesis is that early user involvement has
benefits for product development on condition that it is practical and cost-efficient
enough. This hypothesis is tested by developing a practical approach to user
involvement and evaluating it in real product development contexts.

Thus more detailed goals of this work are as follows:

• Clarify the nature of user involvement and describe its challenges and
benefits based on the literature (I).

• Synthesise a practical approach to early user involvement which can be
utilised in real product development contexts. The aim is to face the
identified challenges and to achieve the expected benefits (II, IV).

• Provide empirical evidence of the benefits and specify costs of the
approach in the real product development contexts (II, III, IV, V).

• Investigate ways of introducing the approach in product development
organisations (IV, V).

Figure 1 illustrates the primary pieces of this work.
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Figure 1. The relation of the research work pieces and the research questions. The
numerals refer to the publications in which each piece is dealt with.

Question 3: How can early user involvement be introduced to product development organisations?

Question 1: What are the benefits and challenges of user involvement?

Question 2: How can early user involvement be applied in product development projects?

Literature review of the benefits and
challenges of user involvement (I)

User study approach to early user
involvement (II)

Testing the validity and usefulness of
user study approach (III)

Introducing user study approach to real
product development contexts (V)

Framework for representing user needs
and user requirements (IV)
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2. Research setting

This work has various goals, but the general aim is to explain user involvement and
synthesise an approach for utilising user involvement in real product development
contexts. The product development is characterised by tight schedules and limited
resources, and it is thus challenging to introduce new practices to product
development companies. In addition, the proposed approach must fit into the limits
of real circumstances. Therefore, this work was conducted within real product
development companies.

This chapter describes the research projects in which the research work was
completed and the research approach and methods used. It additionally gives an
overview of the case studies completed, concerns relating to evaluating the user
study approach, and the product development contexts of the case companies.

2.1 Research projects

All the studies were based on real product development cases in companies in
Finland. Studies II and III were completed in Usability of Smart Products in
Information Society-research project during years 1998-1999. The final two studies
(IV and V) were based on work with the three industrial partners as a part of the
QURE project during 1999-2001.

The aim of the Usability of Smart products in Information Society project
was to consider usability issues of small interactive devices. It was a collaborative
effort between the Usability Group at the Department of Computer Science at HUT
and the Department of Product and Strategic Design at University of Art and
Design Helsinki. All six researchers were focused on their own topics. The project
was supported by the Academy of Finland, and it had no industrial financiers or
partners. The first two product development cases were obtained for studies II and
III from outside companies.

The QURE project (Quality through Requirements) is a three-year research
project ongoing at the Helsinki University of Technology. The aim of the project is
both to help the industrial partners in Finland to improve their requirements
engineering practices and to do research work on human-computer interaction and
requirements engineering. Studies IV and V were performed as part of normal
project work in the QURE. This work was multidisciplinary and collaborative
between the project members and the industrial participants.

2.2 Research approach and methods

The case-study research strategy accords with research work in real product
development contexts. Yin (1994) defines a case study to be an empirical inquiry
within its real-life context, particularly when the boundaries between phenomena
and context are not clearly evident. This work consists of four case studies, in
which multiple sources of evidence were used, as recommended by Yin (1994).
Evidence was gathered by using documentation, participant-observation,
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interviews, and questionnaires (Table 3). In addition, Study III was complemented
with gathering empirical data from an experiment.

Study Problem Data gathering
methods

I User Involvement: A
Review of the Benefits and
Challenges

What are the benefits and challenges
of user involvement in product
development?

Literature
review

II Studying Users for
Developing Usable and
Useful Products

How can early user involvement be
applied in product development?

Participant-
observation,
interview

III How Effective Are User
Studies?

What are the benefits and costs of the
proposed approach to early user
involvement compared to usability
testing?

Documentation,
experiment
(replicated
product design),
interview

IV Bridging the Gap between
User Needs and User
Requirements

How can user needs be represented
and translated into user requirements
in industrial product development
cases?

Participant-
observation

V Introducing User Needs
Gathering to Product
Development: Increasing
Innovation and Customer
Satisfaction

How can the proposed approach be
introduced to product development
contexts?

Participant-
observation,
questionnaire,
interview

Table 3. The research problems and data in the articles.

The research approach of the case studies relates to action research as
defined by Avison et al. (1999), who suggest that action research is an iterative
process involving researchers and practitioners acting together on a particular cycle
of activities, including problem diagnosis, action intervention, and reflective
learning. In this work, problem diagnosis was conducted through reviewing the
literature and interviewing product developers. Developers were interviewed in
studies II and III, and in the early part of studies IV and V, developers were
interviewed and the initial state of user and customer practices of the case studies
were assessed. The results of the latter are described at the end of Section 2.5.

This work also represents the engineering research method. Glass (1994)
describes an engineering research method based on the Dagstuhl Workshop (Tichy,
1993) so that it is observing existing solutions, proposing better solutions, building
and developing, measuring and analysing, iterating until no further improvement is
possible. In this work, improvement proposals on existing techniques are
implemented, evaluated, and redesigned. First, a user study approach is proposed to
overcome existing challenges (II), it is evaluated (II, III, IV, V), and developed
further to better fit with software engineering practices (IV).
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2.3 Overview of the case studies

Table 3 summarises the research problems described in the publications. In the
beginning of the work, a literature review was conducted to clarify the nature of
user involvement and to distinguish different approaches of the user involvement
(Study I). Then a practical user study approach was formed unifying the views and
methods of different user involvement approaches (Study II). This framework was
evaluated in four case studies (Studies II, III, IV, and V). As a result of these
experiences, a way of presenting user needs and requirements was elaborated
further and evaluated in one case study (Study IV).

In the first two case studies, the researcher performed the user studies. The
practitioners offered the real product development problem, and they were
subsequently interviewed to evaluate the process and the results. In the final two
case studies, the goal was to understand how the framework can be introduced to
real product development contexts and how effective it is in those contexts. The
researcher had a role in guiding the user studies and developers actually performed
them. The researcher's role was that of an expert or a consultant who provided
information, instructions, training, and support for the practitioners.

2.4 Evaluating the effects of early user involvement

The main theme of the work was evaluating the effects of early user involvement in
terms of benefits and costs. As earlier described, this was achieved by forming a
practical user study approach and evaluating it. The criteria for evaluating the user
study approach were formulated after the literature review, in which influential
factors of early user involvement were identified.

In Study I, three intermediate factors were identified influencing how early
user involvement can contribute to product quality: product development
performance, better requirements, and usability. The factors can be divided
according to the attributes shown in Table 4. Early user involvement is shown to
have direct or indirect effects on many of the product development attributes;
examples of the literature are referred in Table 4. It is more difficult to find
evidence of the effects on requirements quality or the usability of the final product.
Their effects have generally been shown indirectly by describing the quality of
information gained from users and the value of insights gained from field studies.

The factors and their attributes set requirements for a user study approach,
and they can be used in evaluating the effects of the approach in a real product
development context. Many of the attributes are difficult and time consuming to
measure in real product development contexts. However, we can evaluate what
kind of effects the user study approach has on the attributes of product
development. For example, user involvement can have both positive and negative
effects on product development time, but both kinds of effects are difficult to
evaluate in case studies. However, we know that the time required to involve users
is frequently a crucial factor in projects (Wilson et al., 1997), and we can measure
the time spent on learning and using the user study approach.
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Influential
factors

Attributes Explanation of the attributes

Product
development time

Time needed for the project (Chatzoglou and
Macaulay, 1996).

Costs of product
development

Cost of the project (Chatzoglou and Macaulay,
1996).

Number of
iterations

Repetitions of the same normalised activities to
create preliminary versions of the final product
(Chatzoglou and Macaulay, 1996).

Quality of team
interaction

Democracy, openness to criticism, competition and
dominance in a team (Heinbokel et al., 1996).

The team's
domain
knowledge

The spread of application domain knowledge
among team members (Hofmann and Lehner,
2001).

Product
development
performance

Relations among
customers, users,
and developers

Mutual understanding and work relationships
among all the stakeholders (Muller and Carr, 1996),
customers' perception of product development team
(Rowley, 1996), the likelihood that developers'
decisions match the needs of users (Rowley, 1996).

Completeness Everything that the software is supposed to do is
included in the requirements specification (Davis et
al., 1997).

Correctness Every requirement in the requirements specification
contributes to the satisfaction of a need (Davis et al,
1997).

Understandability All classes of requirement specification readers can
easily comprehend the meaning of the requirements
with minimum explanation (Davis et al, 1997).

Quality of
requirements

Verifiability There exist finite, cost effective techniques that can
be used to verify that every requirement stated
therein is satisfied by the system as built (Davis et
al, 1997).

Ease of use The system is easy to learn, efficient to use,
memorable, and it has a low error rate (Nielsen,
1993).

Fit with user
needs

The depth and breadth of information obtained
about customers' task and needs (Juhl, 1996),
understanding of the problems that users face
(Blomberg et al., 1996).

Usability

User satisfaction Users are subjectively satisfied when using the
system (Nielsen, 1993).

Table 4. The factors influencing early user involvement.

The attributes raise partly overlapping concerns for evaluating the user study
approach (Table 5). These concerns were observed in case studies using the data
gathering methods described in Section 2.2.
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Effecting
factors

Attributes Concerns in the case studies

Product
development time

• How much time is spent in learning a user study
approach?
• How much time is spent in a user study approach?

Costs of product
development

• Is it possible to use the approach in real product
development contexts? Is the approach acceptably
cost-efficient?

Number of
iterations

• Does the approach offer useful information for
usability specialists and developers? Is the
information available early enough?

Quality of team
interaction

• Is the elicited information communicated
effectively to developers?
• Do the user study results reduce the number of
disagreements among members of the development
team?

The team's
domain
knowledge

• Does the approach offer useful information for
usability specialists and developers?

Product
development
performance

Relations between
customers, users
and developers

• How do developers and salespersons react to user
studies and the results of the user studies?
• How do users and customers react to user studies
and the results of the user studies?

Completeness • Does the approach offer useful information for
usability specialists and developers?
• Does the approach provide a comprehensive view
of users and their needs?

Correctness • Is the elicited information communicated
accurately to developers?

Understandability • Is the elicited information understandable to
developers?

Quality of
requirements

Verifiability • Does the user study approach offer information
for improving usability testing?

Ease of use • Does the user study offer information that helps
developers to produce more easy-to-use products?

Fit with user
needs

• Does the user study offer information that helps
developers to produce products that meet user
needs?

Usability

User satisfaction • Does the user study offer information that helps
developers to produce products that are more
satisfying to users?

Table 5. Concerns relating to evaluating the user study approach in case studies.

2.5 Product development context

In addition to knowing how the case studies were completed, one must consider the
development contexts and companies in which they were conducted. Grudin
(1991a) describes three principal contexts in which interactive software is
developed and various conditions that affect the development process. The contexts
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are contract development, product development for a large market of users, and in-
house development of a system for a specific set of users. The different
circumstances of each context greatly affect the approach and tools that are likely to
be used. This is particularly true in the case of user involvement. For example, in
product development, contrary to contract development, the development team is
known early, but the users are not effectively known until the product sells. With
in-house development, both groups are identifiable from the outset.

All the case companies in this thesis were developing products and the
scope of the work was in product development. Grudin (1991a) states that the focus
of product development is on the user interface. He claims that usability
expectations increase in more mature software markets, and that product
development companies are entering the phase in which users' needs are more
important factors than software constraints in development. In addition, Grudin
(1991b) provides a detailed description of the organisational obstacles to direct
contact between developers and users in large product development organisations.
Such obstacles include challenges in motivating the developers, identifying
appropriate users, obtaining access to users, motivating the users, and in deriving
benefits from user contact when established. These findings rely on an earlier
survey and on interviews with over 200 interface designers from several product
development companies.

The product development projects are characterised by scarce personnel,
tight schedules, and uncertainty. Products may have a large number of potential
users, who cannot be specified in advance. Under such less-than-perfect
circumstances, designers frequently find involving users too time consuming to be
practical.

In addition, there are other factors influencing software development, for
example the size of the development company or organisation, organisational
structures, project size, and competitive situation. The size of the company may
affect factors such as how many extra resources exist for supporting product
development work. Large companies may have more resources and more
elaborated divisions of labour compared to start-up or small product development
companies (Grudin, 1991a). Furthermore, large companies are more likely to have
usability groups or usability experts. Organisational structures and project sizes
affect the type and quality of communication between project members and others
in the organisation. A tight, competitive situation generally creates pressures for
shortening development time.

In addition, in product development, the product type may change the
development conditions. For example, Ulrich and Eppinger (2000) suggest that
there are several variants to the development process corresponding to product and
development types. The product development types are market pull, technology
push, platform products, process intensive, and customised. Market pull product
development begins with a market opportunity whereas technology push product
development assumes a given technology. Platform products include an assumption
of a technology platform while process intensive products are highly constrained by
the production process. Customised products are slight variations of existing
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configurations. In addition, one can distinguish software development process and
products, which may be embedded, interactive, or consumer products.

In this thesis, the first two case studies were in consumer product projects in
one medium-size and one large organisation. A major factor in determining
competitiveness of consumer products is frequently how quickly a product is
delivered, and the frequent releases of consumer products create the time pressure
(Blackburn et al., 2000). On the other hand, the competition in the marketplace
provides motivation to improve usability.

The last two case studies were conducted in product development units of
medium-size or large companies. The participating companies were the KONE
Corporation, Tekla, and Vaisala. Their products are embedded and/or interactive
systems, and they are either new versions of older products or totally new products
(Table 6). The sizes of the case companies in terms of number of employees and the
products types involved in case studies are shown in Table 7.

Study IVStudy II
Teamware

Study III
X

KONE Tekla Vaisala

Study V
KONE

Consumer
product

X X

Embedded
product

X X X X X

New
version

X X X

New X X X
Table 6. Case companies and product types.

Number of employees Products
Teamware 220 PDA-device
X 23 000 Portable communications device
Kone 23 000 Elevators and escalators
Tekla 500 Information management system for building
Vaisala 1100 Weather measurement instrument

Table 7. The size of the case companies and the products involved in case studies.

In the early phases of the QURE project, the current requirements
engineering practices of the industrial partners were assessed. In addition, the initial
state of user and customer practices were examined in more detail by interviewing
in three of the industrial partner companies.

Three designers representing different projects were selected from each of
the companies. We found that the projects were technology driven. The companies
had considerable experience of developing products, and the practitioners seemed
to rely on this earlier experience, using indirect links such as sales persons to users
and customers. Five out of nine projects had no direct contact with users, or contact
was not established until the late prototype phase. Consequently, in certain projects
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the user and customer requirements were not elicited or documented. Even if a
project had direct contacts with users, gathering user information was occasionally
passive, methods were informal, and the gathered information was not documented
in two of the companies. Six interviewees reported that they would need more
information about customers, and three of them similarly mentioned users. Some of
them felt that more information and more instruction were needed about how to
gather, describe, and classify user and customer requirements.

Two of the companies did not have usability experts, groups, or special
usability resources. The companies did not have defined practices for usability in
place, even if several kinds of usability engineering practices were used in some
projects. It can be seen that user-centred practices had not generally been adopted.
There were no plans to assess how the human-centred activities fit into the overall
product development processes and generally usability goals were not set. Neither
the current processes followed by users nor their use contexts were generally
considered in projects. Formal usability testing was not used. Rather, prototypes
were shown to customers, or feedback was obtained when a customer had tried to
use a pilot product. Finally, the customer feedback from final products was
gathered efficiently in one of three projects. In addition, one of the companies had
set up a help desk to gather customer feedback.
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3. Results

This chapter summarises the results of the presented work. The results are grouped
in relation to the research goals presented in Chapter 1.

3.1 Study I: The benefits and challenges of user involvement

The first part of this work was a literature review on the benefits and challenges of
user involvement. It was found that user involvement is loosely used in the
literature to mean "direct contact with users" and covers several approaches.

User-centred

Design

Participatory

Design

Ethnography Contextual

Design

Emphasis Usability Democratic

participation

Social aspects of

work

Context of work

Typical
methods

Task analysis,

prototyping,

usability

evaluations

Workshops,

prototyping

Observation,

video-analysis

Contextual

inquiry1,

prototyping

Table 8. User involvement approaches.

The four most common approaches were identified: user-centred design,
participatory design, ethnography, and contextual design. In addition, task analysis
can involve users (see Hackos and Redish, 1998; Johnson, 1989; Diaper, 1989).
The roots and methods of the approaches are closely linked, but they all have
different emphasis and a different rationale for involving users (Table 8).

The relevant research literature was reviewed in order to understand the
benefits and challenges of user involvement. Three streams of research, field
studies, qualitative research, and quantitative research, were reviewed. The field
studies stream included case studies, which involve the use of qualitative methods
to study users and their activities in their own environment (cf. Bly, 1997; Wixon,
1995). The user involvement approaches covered by field studies were
ethnography, participatory design, and contextual design. The qualitative research
stream included research work in which the goal was to directly assess the
relationship between the costs and benefits of user involvement. This research
approach concerns chiefly the participatory approach to user involvement. The
quantitative research stream was focused on the effects of chiefly participatory and
user-centred design on quantitative aspects of system success.

                                                
1 Contextual inquiry is a field interviewing method, which combines observing and interviewing
(Beyer and Holzblatt, 1998).
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The three streams of research reviewed seem to have similar results. User
involvement is clearly useful and it has positive effects on both system success and
user satisfaction. The streams of research reveal some evidence relating to
Damodaran's (1996) expected benefits of user involvement. Table 9 shows the
expected benefits, which were supported by the different research streams.

Expected benefits Research streams

Field

studies

Qualitative

research

Quantitative

research

More accurate user requirements X X X

Avoiding costly system features that the user

did not want or cannot use

X X X

Improved levels of acceptance of the system X X X

Greater understanding of the system by the

user

Increased participation in decision-making in

the organisation

X

Table 9. Evidence offered by the three streams of research supporting the expected
benefits of user involvement.

In particular, the benefits of usability engineering, including prototyping
and iterative usability evaluation, are clearly demonstrated. However, the focus of
usability engineering is on usability testing and reacting to an existing design in
Wixon's et al. (1994) words. As the success of usability testing depends on how
representative the test tasks and environment are, user needs may be ignored.
Therefore, the benefits of early user involvement before a prototype exists are not
well established in the usability engineering literature.

A number of factors influences the success of early user involvement. Two
principal categories are the development context, where user involvement happens,
and the user involvement approach, or how it happens. The development context
includes several variables such as system type and the number of users and
customers involved (Section 2.5). In addition, McKeen and Guimares (1997) found
that users need to be far more involved in cases of high task and/or system
complexity.

In addition, the effects of early user involvement are complicated (Figure 2).
The link between early user involvement and user and customer satisfaction is
evident in the literature. Many positive responses from both customers and users
are reported. Foster and Franz (1999) found a positive correlation between user
participation and system acceptance and Baroudi et al. (1986) found a correlation
between user involvement and system usage. The involvement seems to produce a
positive outcome for users and customers, as described in Figure 2. However, most
of the effects may come through intermediate factors such as requirements quality.
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The results of field studies and qualitative research suggest that designers
feel that they get more accurate user requirements, and they better understand user
needs and usability requirements by involving users. Good's (1992) case study
provides initial evidence that the understanding of the users' world can lead to more
innovations. However, the links between early user involvement and better
requirements, or those between usability and better system quality are not
demonstrated empirically. It is difficult to determine the exact means and the extent
to which user involvement influences system development as there are many
intervening variables and the time frames are relatively long.

Figure 2. The effects of early user involvement.

Early user involvement additionally affects the performance of the product
development team. Quantitative research indirectly shows the benefits of early user
involvement. For example, Chatzoglou and Macaulay (1996) show that users, as
the main source of information, decreased the number of iterations needed and thus,
in most cases, lowered the elapsed time and cost of project development. Poltrock
and Grudin (1994) also found that designers viewed marketing as ineffective in
obtaining the information needed in order to define their product requirements, and
that they were frequently frustrated by the difficulty of deciding what to do without
the relevant information from users.

However, if there are communication problems between users and
developers, user involvement may actually increase product development time and
cost. Heinbokel et al. (1996) and Wilson et al. (1996) report that when users
participate in the design project, problems arise when they demand changes in a late
stage of development and designers must resolve conflicts between user groups. In
addition, several challenges in field study techniques are reported, for example how
to spend less time in using them, how to analyse a large amounts of data, and how
to compare subjective data across users.

Therefore, even if early user involvement seems to have positive effects on
requirements quality and user and customer satisfaction, it also has costs on product
development. As the product development speed and productivity have become
critical factors in competitiveness (Blackburn et al., 2000), the significance of these
costs is noteworthy. The effects of user involvement on product development
performance are unclear. It appears that the function of early user involvement is
valuable for providing user need information and user and customer satisfaction.
Thus, the costs can represent worthwhile investments that pay back in overall

?

Product development
performance

EARLY USER

INVOLVEMENT

System quality

Requirements quality
Fit with user needs
Usability

User and customer satisfaction
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development. On the other hand, early user involvement can be a time consuming
process, and field methods are not generally used in product development. In order
to introduce early user involvement in real product development context, current
field methods must be developed further to be cost-effective and easy to learn.

Comparing the approaches of user involvement
The order of superiority of user involvement approaches is difficult to assess. Most
of the negative effects are studied and reported when a participatory approach is
used. For example, Wilson et al. (1996, 1997) report difficulties in communicating
between users and developers and conclude that, ideally, all stakeholders should be
motivated, and that users should be educated about the entire design process.
Heinbokel et al. (1996) even argue that user participation disturbs the process of
software development. In their study, the projects with user participation had to
deal with several problems related to developer-user relations that were not present
in projects without user participation. For example, users proposed new ideas and
demanded changes in a later stage of development. In Heinbokel's et al. (1996)
study, projects with high user participation showed lower overall success, fewer
innovations, and a lower degree of flexibility as evaluated by the team leaders and
users' representatives. Characteristic of these projects was that the participation was
informal as no specific methodology was mentioned.

User participation, alone, does not seem sufficient for success; developers
need techniques for understanding users and their needs. Designers should take an
active role in user involvement. Users are experts in their own field, but they do not
need to be experts in design. Users may not be able to communicate their precise
requirements, but they are able to explain their goals and how they approach their
tasks. Equipped with this kind of information, a designer can work on behalf of the
users to produce the solution they need.

Techniques exist, but all of the varied approaches attract both proponents
and critics, and few objective comparisons of methods or approaches are available.
Contextual inquiry and ethnographic methods are appreciated because they provide
detailed information about the context of use and implicit needs of users. Special
emphasis in ethnography is laid on analysing a socially organised work setting
(Hughes et al., 1995).

The problem that these approaches have in common appears to be the need
for a closer connection to development work. Maiden and Rugg (1996) claim that
requirements engineers need considerable training in the use of ethnographic
methods, and that the methods may take a considerable time to master. Even
supporters admit to these challenges and they identify the principal obstacle as the
presentation of the results of ethnographic techniques in a form that is readily
usable by designers (Hughes et al. 1995).  In addition, contextual design may lead to
a vast amount of raw data and may be too time- and labour-intensive (Juhl, 1996).

As Millen (2000) points out, the ever-increasing pace of new product
development requires more efficient methods. Fortunately, the approaches
continually improve. Several approaches have considered the cost-effectiveness of
ethnographic or other field methods (e.g. Hughes et al., 1995; Millen, 2000;
Sperschneider and Bagger, 2000; Viller and Sommerville, 1999a; Wixon and
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Ramey, 1996; Wood, 1997). Hackos and Redish (1998) also provide a practical
guide to field methods. Currently, a research challenge exists to evaluate and
develop these new approaches and their effectiveness in real development contexts.

The approaches are becoming more similar, and deliberate attempts have
been made to integrate, for example, ethnographically informed study of work
practice and participatory design (Karasti, 2001). In the final analysis, the question
may not be which approach and methods to select, but what can be learned from
these methods and approaches. Thus, the methods we should use may depend on
the situation. The participatory design approach is the basis for the user
involvement philosophy and users' rights to influence their own tools. It introduced
the idea of bringing end users into direct contact with designers. However, the roles
of users and designers should be carefully considered. Ethnography offers
information on how to study social aspects of work. Contextual design continues
this approach and proposes, for example, the good principles of visits to users and
the development of effective user-developer relationships. In addition, task analysis
demonstrates the importance of goals, tasks, and task sequences.

3.2 Studies II and IV: A practical approach to early user involvement

In Study II, a practical approach to early user involvement was designed for use in
real product development contexts. The approach is referred to as 'user study' to
reflect an interest in everything about users and their needs: their characteristics,
context of use, and tasks. In Study IV, the approach was elaborated further and a
way of presenting user needs was developed.

The aim was to gain the benefits and face the challenges identified in the
literature. The field study approach was selected because it seems to solve, both
theoretically and practically, identified requirements elicitation problems. In 1997,
when this work started, there was already evidence that studying users in their own
environment would help in eliciting and providing a more complete picture of user
needs (e.g. Wixon et al., 1990; Holtzblatt and Beyer, 1993; Karlsson, 1996). Field
study techniques go beyond gathering only verbal data by incorporating
observations made in the user's environment (Wixon et al., 1990). Being in the
user's environment helps him to remember details as familiar objects are present.
Field studies are focused on real users' needs: their behaviour and their context of
use.

The main challenge identified was that user involvement might actually
have negative effects on product development time. In addition, practitioners of
field study techniques have reported such problems as how to spend less time with
users, how to analyse large amounts of data, and how to compare subjective data
across various users (Wixon and Ramey, 1996). Most of the product developers did
not use field studies at all. In the beginning of the second research project, we
explored the state of user and customer practices in three Finnish companies by
interviewing product developers, and found that developers in five out of nine
projects had no direct contact with users, or that contact with them was not
established until the late prototype phase.

Thus, the challenge was how to conduct cost-effective field studies and how
to introduce these new techniques to companies. A large number of methods are
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already available, but companies are unaware of them or reluctant to invest in them.
Managers and developers want to have evidence of the usefulness and effectiveness
of the new methods before implementing them. There was no need to develop new
user involvement methods, but rather to synthesise existing approaches and
methods in a practical and usable approach that would be attractive to companies.

The contribution of Study II was to provide a framework for discovering
what kind of information is needed from users, what combination of elicitation
methods to select, and how to use these methods effectively in practice. All this
information appeared to be necessary in order that field studies could be introduced
to companies. For example, developers find it difficult to know what to ask when
they are interviewing users.

Special attention was paid to the cost-effectiveness and usability of the
approach and to utilising the views from cognitive psychology, ethnography,
contextual design, and task analysis. The principles of contextual inquiry described
by Beyer and Holtzblatt (1998) were adapted and followed as general principles of
field studies. These principles are context, partnership, interpretation, and focus:

• The principle of context means that users are visited in their own
environment. In a real context, it is possible to observe the richness of
user behaviour and environment, and refresh the users' memory of their
processes and practices. The conversation is kept on a concrete level
focusing on what the user is doing.

• The goal of the partnership is to make the researcher and the user
collaborators in understanding the user's tasks. The users are the experts
in their tasks and the researcher assumes the role of an apprentice. This
improves communication between the users and the researcher, as
apprentices want to know how to do the tasks, but they are not assumed
to bring useful skills to the relationship.

• Interpretation is the assignment of meaning to the observation - what it
implies about task structure and about possible supporting systems. Not
even a small detail of the user behaviour is meaningless; the underlying
reason must be understood.

• Focus means that the goal of the user visit is planned in advance. Focus
gives the researcher a way to keep the conversation on relevant aspects
of tasks without taking control entirely from the user.

In describing what kind of information is needed from users, various aspects
are considered essential in different approaches. For example, ethnography comes
from social sciences, and therefore it considers the social nature of work the most
important kind of user information.

What kind of information about users is considered important depends on
our theory of human nature. The present work was influenced by general
psychological perspectives on human beings. In psychology, there are various
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theoretical points of views of human nature, as Myers (1993) states. However, in
textbooks, the various perspectives are integrated and human beings are seen as
biological, social, and psychological creatures that are active and goal-oriented.
Thus, human behaviour is affected by both internal factors, for example cognitive
issues, and by environmental issues such as culture.

One of the basic ideas of this work is that new products should adhere to
intrinsic limits of human information processing capabilities. An essential part of
this is to know what kind of knowledge and skills the users already posses; for
example, Ericsson and Kintsch (1995) show that people are able to stretch their
limited information processing capabilities if they can use their relevant knowledge
from previous experience.

Johnson et al. (1988) suggest that the most important aspect of the user's
knowledge is task-related knowledge. Its basic structural components are goals,
operations, methods, and selection rules. It is intuitively clear that designers should
know the goals of the users in order to support them, and it is also vital for them to
know how the users currently achieve these goals. By identifying user goals, it is
additionally possible for designers to discover the problems and needs that users
have. Users do something and they achieve some goals, but they may actually want
something else.

The ability of users to use a system depends on how well the system
matches their goals and intended actions, and how well the users can realise their
expectations and utilise their knowledge of tasks and procedures. Figure 3
illustrates the layers of user characteristics concerning the use of products. The core
of the characteristics is basic human information processing capabilities, which are
rather constant. General knowledge and skills widen the basic information
processing capacity. Then, the domain-specific knowledge and skills widen the
capacity even more.

Basic human information 
processing capabilities

Domain specific knowledge and skills
- goals, tasks and operations
- the order and sequence of activities

General knowledge and skills

Figure 3. A model of the user characteristics concerning the use of products.

Thus, the information topics to be gathered from users are identified as:

1. Background information
The goal of gathering background information is to help the analyst to
interpret the results and classify the users. Typical background
information relates to age, profession, technical orientation, previous
computer experience, work experience, and educational level.
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2. Goals and preferences
The aim of these topics is to understand what users want to achieve and
how an intended application can support their tasks and allow better ways
to achieve the goals.

3. User's knowledge, skills, and experiences
The aim of these topics is to understand what users can do, how they
employ objects in accomplishing their goals, and what kind of work-
related processes they have.

4. Context of using an intended application
A design team should understand the physical and social context in
which their application will be used in order to support the user tasks in
an optimal way.

5. Pros and cons of the current tools and actions
The current tools and actions may have advantages which users are
unwilling to relinquish. On the other hand, tools and actions may be
suboptimal. An intended system should include most of the desirable
features of the current tools and actions, while eliminating the difficulties
users have with them.

The combination of three techniques was selected to elicit user information: semi-
structured interviewing, thinking-aloud technique, and interactive feature
conceptualisation (Figure 4). The main technique is semi-structured interviewing,
which is influenced by earlier work of Bauersfeld and Halgren (1996), Beyer and
Holzblatt (1996), and Wood (1997). The interviews are carried out in the natural
settings of potential users, using their own task-related language. The interviewer
prepares questions from each of the information topic. However, the questions are
not followed strictly but are used as a checklist. The idea is to gain deeper
understanding and help the user to remember details by seeing and perhaps trying
the tools and artefacts being discussed. The users are encouraged to show artefacts
and give demonstrations.

Two other techniques were included to augment interviewing. The
interactive feature conceptualisation technique was selected to aid conversation and
documenting. The aim here is to form an overall picture of the user and his context
and to obtain a classification of tools, persons, places, properties, and concepts. The
technique is adopted from Bauersfeld and Halgren (1996) and developed further.
During the interview, tools, processes, places, persons, etc., that the user mentions
are recorded on sticky notes. At the end of the interview, all sticky notes are placed
on a large sheet of paper. Users are asked to rearrange the items into categories that
make sense to them in their context. It was found that it is occasionally easier for
the user if the interviewer places sticky notes containing places (e.g. home, car) on
a sheet of paper, and the user places other notes according to them. As the notes are
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grouped, the interviewer tries to understand the overall picture of the user's context
of use.

Figure 4. Information eliciting techniques.

A modified think-aloud technique was selected to uncover skills and
information that cannot be gathered just by asking. Users are asked to tell how they
use a tool by thinking aloud during the imagined use. Users have the tool in hand,
imagine the typical use situations, and describe how they would use the tool in the
situation.

The results are described in written reports organised according to
information topics. In addition, two diagrams are used. The first diagram describes
the overall results based on the interactive feature conceptualisation-picture. We
developed further the Bauersfeld and Halgren's (1996) method so that we could use
the sticky notes and a flip chart to draw a model of the user's context of use. Users
placed sticky notes according to physical places, so we drew a physical world
according to places. The relevant individuals, groups, tools, and artefacts were
categorised according to the places. We added arrows with texts to represent
communication flows and ways. The expressed user needs and problems were also
included in the diagram by arrows and boxes with texts.

The second diagram is a task hierarchy diagram. The diagram shows how
the user task could be redesigned, and what kind of task hierarchy is created. The
diagram is similar to the task model of Johnson, Johnson, and Wilson (1995)
containing the goals of the user, but from the point of view of using the future
system. The diagram describes use situations, places of use, procedures, and user
roles.

In Study IV, we found that it was not easy for a technically oriented
designer to use user needs in product development. In one company, the designer
was able to write user study reports as he was advised, but he could not see how to
use the documents in user requirements definition. Therefore, a slightly more
formal way of representing user needs was needed, so that designers could use the
information in analysing and rationally selecting a good combination of user needs
for inclusion in the future system, and to then transfer the descriptions to use cases.

Interview -technique
-domain specific knowledge
(goals, tasks, sequences)

checks
validity

gives more
details

Interactive feature
conceptualisation
- the overall picture

Think-aloud technique
- non-verbal information
(skills, selection rules)
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A further link from user needs to user requirements was developed using user needs
tables and use cases.

The user requirements activities were identifying stakeholders, gathering
user needs, describing user needs by user need tables, documenting use cases, and
gathering user feedback. The new activities are shown in Table 10 as they were
piloted in three product development companies.

Vaisala
• new version

KONE
• new version

Tekla
• new product

Identifying stakeholders X X X

Gathering user needs X X X

Describing user needs for use
cases

X X

Documenting use cases X X

Gathering user feedback X

Table 10. Activities completed in the three case companies.

The user need tables were developed to represent user needs as users’
problems and possibilities, and to link them to task sequences (Table 11). The user
need table was converted to user requirements in a form of high-level use cases
(Table 12).

User need tables are not sufficient to represent all user needs; other
representations such as user profiles and photographs can be used in parallel with
them. However, user need tables can act the means whereby several kinds of user
information can be summarised in a form of user problems and possibilities.
Problems are obstacles that arise from users' characteristics, their physical and
social environment, overall situation. Possibilities represent users' more implicit
needs, and suggest how users' tasks can be supported and improved. Later, we
added a high priority column to the table, so it is possible to attach priority
information to the user need table.

We hypothesised that it is easier to use user needs data in design when the
findings are summarised and connected to the task sequence that forms the basis for
use case descriptions. The use case driven approach is a popular solution, which
software engineering provides to help with the problem of gathering and
representing user requirements (Jacobson, 1995; Rumbaugh, 1994). Use cases are
widely accepted among designers, providing an opportunity to transmit the user
point of view to requirements engineering. In addition, use cases resemble
'scenarios of use', a popular technique in human-computer interaction (Carroll,
1995).
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Task sequence: Problems and possibilities:
Step 1: When trapped in an
elevator, passenger makes an
emergency alarm.

• Problem: Passengers want to get out of the elevator
as soon as possible
• Problem: All kinds of passengers must be able to
make an alarm call (blind, foreigners etc.)
• Problem: Sometimes passengers may make false
alarms unintentionally.
• Problem: Passengers may be in panic.
• Problem: Passengers need instant confirmation that
they have created a connection to the service centre
operator and that they are going to get help.

Step 2: Unoccupied service
centre operator receives the
emergency alarm call and asks
for information.

• Problem: Different versions and types of remote
monitoring systems.
• Problem: Passenger is the only information source.
• Problem: Service centre operator does not notice
the emergency alarm call.

Step 3: Service centre operator
completes transmission of
information to the system and
sends it to the area serviceman.

• Problem: Laborious phase for the service centre
operator.
• Problem: Simultaneous calls must be differentiated.
• Problem: Serviceman cannot see all information.
• Problem: Inadequate information from a site
system.
• Possibility: Instructions as to how to operate the
system.
• Possibility: Possibility to open phone line from Call
Centre to the elevator.

Step 4: Service centre operator
calls the serviceman and reads
the description of the failure.

• Problem: Extra work for the service centre
operator.

Table 11. An example of a user need table.
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Use Case: Making An Emergency Alarm Call
Summary: An entrapped passenger pushes the emergency alarm button in

order to get help. A service centre operator receives the emergency
alarm call and informs the passenger that a serviceman will come
and let the passenger out of the elevator.

Actors: Passenger and service centre operator
Preconditions: An elevator has stopped between floors and there is a passenger in

the elevator. The goal of the passenger is to get out of the elevator
safely and as quickly as possible.

Basic sequence: Step 1: The passenger presses the emergency alarm button.

Step 2: The service centre operator gets a visible notification of the
emergency alarm call on the screen with an optional audio signal.

Step 3: The service centre operator accepts the emergency alarm
call.

Step 4: The system opens a voice connection between the service
centre operator and the passenger.

Step 5: The system indicates to both the passenger and the service
centre operator that the voice connection is open.

Step 6: The system guides the service centre operator as to what
information to ask of the passenger.

Step 7: The service centre operator informs the system that the
emergency alarm call is correct.

Exceptions: Step 1: If an entrapped passenger does not push the alarm button
long enough (less than 3 seconds), the system alerts the passenger
with a voice announcement.

Step 7: If the passenger has pressed the emergency alarm button by
accident, the service centre operator informs the system that the
emergency alarm call is false. The system resets the emergency
alarm call.

Post conditions: The entrapped passenger knows that the service centre operator will
contact a serviceman who will help the passenger out of the elevator
safely as soon as possible.

Table 12. An example of a use case.

3.3 Studies II, III, IV and V: Evaluating the user study approach

The user study approach to early user involvement was evaluated in four case
studies (II, III, IV and V).

Study II
In Study II, the user study approach was evaluated in a realistic setting of designing
a personal digital assistant (PDA) application. The PDA application in question was
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designed to be a personal organiser with a calendar and notebook. The designers
had already created their first interface prototype of the PDA software, and they
were interested in gathering more information about target users to support their
design work. The researcher conducted user studies with three users. The
usefulness of the results was evaluated by interviewing an interaction designer and
a usability specialist to whom they were given.

It was found that the user study approach is capable of providing a
reasonable depth of knowledge in a short time frame with relatively low costs of 27
person hours. Both the designer and usability specialist found the overall results
useful. In particular, identified user roles and situations, users' goal structure and
context of use were new findings. In addition, the results helped to resolve hidden
(and erroneous) assumptions of the designer. For instance, the designer seemed to
have a different model of using a calendar from that of users. The designer
considered deadlines important aspects of the diary. In contrast, interviewees spent
considerable effort organising information and classifying to-do items while giving
deadlines far less attention. It also appeared that only one out of three users was as
the designer expected. The user study results helped to classify the users according
to their requirements and the type of application they would need. While three users
did not constitute a basis for making the necessary decisions for the next stages of
the design, the results helped by making such intractable issues visible to the
designer.

Study III
In Study III, the user study approach was evaluated by redesigning the functionality
of an existing product based on a user study, and comparing the process and results
with the baseline design process, in which the functionality was first developed.

The user study was conducted for a large Finnish company. Six users were
interviewed in their work places. The study was focused on a set of functions of a
portable communications device aimed at supporting mobile users. The set of
functions and their interface had already been designed in the baseline design
process, and now the functions were redesigned independently and without
knowledge of the earlier design. A hypothesis of the user study was that the
existing product could be improved by matching the functions and their labels more
closely with the needs and the expectations of users.

The user study process was compared with a baseline design process that
included usability tests of 33 users. The results show that the user study was useful
despite the modest investment of 46 person hours. The baseline product was
designed within the large company, and the design team could not offer an
estimation of the time spent on design. Thus, the benefits of the user study were
estimated by comparing them with other characteristics of the baseline design
process. A rough estimation of the resources allocated to the usability tests can be
derived from the fact that 33 users participated in them.

First, three designers who had participated in the baseline design process
were interviewed to find out what kind of knowledge they had applied when they
created the original functions during the baseline design process. The interview
showed that the designers had incorrectly expected the users to have a similar
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pattern of use to the one they had themselves. The designers found the results of the
user study useful for understanding the priorities of the users, their use contexts,
and their specific ways of use.

Second, the analysis of the usability test results of the baseline process
showed clearly that the user study results predicted most of the problems that had
surfaced in the usability tests and the overall reactions of the users. In particular, all
conceptual problems could be predicted by user studies.

Finally, the usability of the concrete design propositions created in the user
study process was compared with the usability of the baseline functions. The
comparative usability test supported the usefulness of the user studies. The users
also thought that the new names matched their use better than did the baseline ones.

Table 13 summarises the results of the comparative usability test.
Altogether, the four experienced users of the baseline product spent slightly more
time performing the tasks than did the four novices using the new names. Two
experienced users had already learned to use the functions, but two other
experienced users had as many problems (nine) as the novices (eight) did in total.
The novices had more difficulties with certain specific user interface features than
did the experienced users (five versus two problems), but they had fewer problems
in completing the task and understanding it conceptually.

Product User group Number
of users

Problems Mean time
spent (min)

Existing Experienced 4 9 9.51
Changed Novices 4 8 8.18

Table 13. The results of the comparative usability test.

In summary, the results of Study III show that the user study was useful despite the
modest investment of 46 person hours. All three comparisons made with the
baseline design process and its results suggest that the user study outweigh the
costs. The user study provided information for the designers as they had a slightly
different model of user behaviour from the model that emerged from user studies.
In addition, user study results seem to predict future usability problems.

The case further gave preliminary evidence that user study results lead to
more usable products. The results of the user study helped the inexperienced
psychologist to design a better product than that developed in the design team of the
large company with the help of usability tests.

Study IV
The results of Studies II and III show that an early user study can transform design
into a more informed activity. However, a psychologist performed the user studies,
and there seems to be a gap between the user study results and the design ideas: the
results must be interpreted and different solutions synthesised and selected. Studies
II and III do not show that the user study approach could be effectively used in
companies, or that developers could use the results of user studies.

In Studies IV and V, the user study approach was introduced and used in
real product development contexts and by real developers. First, in Study IV the
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approach was piloted in three product development companies. A new approach
was developed to represent the user study results in a form that are easy to use and
convert to user requirements in product development. The approach is described in
more details in Section 3.2.

It was discovered that the proposed approach decreases the gap between
user needs and user requirements. User need tables are a useful way to represent
user needs to make them understandable and useful for developers; they help the
developers translate user needs to user requirements and write use cases from the
user point of view. Thus, the results of the user study were easier to utilise in
requirements definition. In addition, when the user need tables were missing, a
developer had difficulties in writing use cases from the user point of view. The
developer did not know all the details of the user tasks to be completed or the
natural order of the tasks, and describing the use cases by users' language was
difficult.

The case study also shows that a use case approach is not effective for
gathering user needs if used in isolation; gathering user feedback with use cases is
not sufficient. Users are still interpreting use cases on the basis of their current way
of performing the tasks, and these implicit assumptions jeopardise the mutual
understanding between users and developers. Thus, we need real data on users and
their needs before use cases are documented.

Study V
In Study V, the user study results were evaluated after piloting the approach in
KONE Corporation. A multidisciplinary group planned the user study, and two
product developers carried out it. An outside usability researcher supported the
process.

Although the investment was a modest 111,5 person hours in total, the user
study results were useful for product development and the benefits to innovation
and customer satisfaction were visible. The usefulness of the user study results was
evaluated after presenting the user study results in a meeting. The participants were
asked to evaluate the usefulness of the user study and the results and complete a
questionnaire.

The respondents evaluated the results as very useful. The project manager
found the results very useful for his work and the user study group found them
rather useful. The salespersons expressed the view that the results did not provide
them with extremely new information and that the results were not extremely
important for their work, but they evaluated the results as very useful for KONE
and their product development. One salesperson reported that the results were
important for selling, and that a concrete proposition was needed for the customer.

This type of presentation meeting with sales persons appeared to be
successful. The salespersons could relate their own experiences to the identified
customer's problems, and evaluate whether the results could be generalised to other
customers. They found the identified problems common among their other
customers. Thus, the project manager got new information that he was not able to
obtain by interviewing the salespersons earlier.
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The project manager was also interviewed to discover whether he got new
information and ideas from the user study, and how he planned to use the user
study results. The project was deferred, so it was not possible to evaluate how the
user study affected the requirements documents, but the project manager attempted
to evaluate the usefulness of the results. The project manager found that certain
results were already recognised and merely reinforced earlier ideas. However, he
later stated that the results were full of new product ideas and he presented a long
list of new information that he planned to use in requirements documenting. He
planned to use almost all the findings.

The salespersons were initially slightly suspicious toward user studies and
allowing development people to visit their customers. After the first study, they
found the results useful for KONE, and indicated that they could present a
correction plan for the customer. After the second user study, the feedback was
very positive from the sales department. A salesperson sent thanks via e-mail to the
user study group because KONE had made a service contract with a customer that
included all their elevators and escalators. The customer evaluated KONE as
superior after the user study and the salesperson concluded that the user study was
significant in negotiations as the customer got "visible product development" in
their own building. The costs of user studies were reasonable in the light of such a
benefit.

3.4 Study V: Introducing user study approach to product development

Study V was designed to investigate ways of introducing the user study approach in
product development organisations. As Bannon (1995) argues, in addition to
describing techniques, the relevancy of approaches for professional system
developers must be considered. Hynninen et al. (1999), from Nokia Mobile Phones,
discovered challenges that they experienced in gathering user needs in an industrial
setting. They found that in practice, certain skills are required of the design team. In
addition, it was difficult to motivate various people in the organisation to gather
and analyse data as the methods require considerable resources and the results
could be seen only after weeks of hard work.

We started to improve the practices with a multi-disciplinary group and
small-scale user studies were piloted to gather user needs in KONE Corporation.
The results were encouraging. Persons without knowledge of behavioural science
could easily learn to conduct user studies. On starting to improve the practices with
a multi-disciplinary group, small-scale user study pilots motivated the group
members. Although the investment was modest, the user study results were useful
for product development, and the benefits to innovation and customer satisfaction
were visible.

The new methods were learnt by doing, the group members could see the
results quickly, and they became convinced of the importance of the gathering of
user needs and of the effectiveness of the methods. The results of the first user
study attracted more people to join the group.

Based on the experiences of Study V, KONE decided to invest in the
gathering of data on user needs, and have recruited a usability specialist whose
responsibility is to organise regularly new user studies. She continued the user
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study work in KONE. During the following two years after the user study pilots,
KONE performed several single customer visits and four user studies, in which
approximately 80 users and customers have been visited. In addition, new persons
from KONE have been involved in performing user studies so that they could learn
the methodology. One of the studies was conducted for a product development
project and user need tables were used. The other studies concerned general context
of use, but the user need tables were not suitable for them as detailed task steps
were not elicited.

In Study IV, user need tables and use cases were piloted in Kone, Tekla, and
Vaisala. The user study approach was found useful, as described in chapter 3.2.
However, introducing user studies to Tekla and Vaisala has not proceeded as far as
in Kone. Tekla joined the QURE-project later than other companies and, in the
beginning, the focus has been on developing general requirements engineering
processes. Only one person participated in visiting users when the user study
approach was piloted. However, usability is now seen as one of the most important
focus areas in Tekla, and a usability engineering group has been formed in order to
improve usability engineering processes and organise training. Tekla has also
decided to form a development group for improving requirements elicitation
activities.

In Vaisala, the focus has been on general process improvement and no
official decision has been made to pilot the user study approach. The user study
approach was used in a single project in which only one person participated, and
thus the results were not so comprehensive and visible in this company. The
improvement of requirements engineering processes performed in the QURE-
project is described in Kauppinen and Kujala (2001a, 2001b) and Kauppinen et al.
(2002).
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4. Conclusions

This thesis addresses issues related to early user involvement in real product
development contexts. First, the benefits and challenges of user involvement
identified in the literature were reviewed. It was revealed that early user
involvement appears to be promising on the condition that user involvement
methods such as field studies are developed to be more cost-effective, and the roles
of the users and designers are carefully considered. Designers should take an active
role in eliciting user information and understanding user needs through studying
users' goals and behaviour in the users' own environment.

A practical approach to early user involvement referred to as 'user study'
was synthesised. The goal was to find a way to apply cost-efficiently early user
involvement to real product development contexts, and to evaluate the usefulness of
this kind of early user involvement in real product development. The main results
are summarised in Table 14.

Study Problem Results
I What are the benefits and

challenges of user
involvement in product
development?

User involvement has clearly positive effects on
system success and user satisfaction. The
communication between users and developers
poses challenges to product development work.
Field study methods should be more cost-
effective to use.

II How can early user
involvement be applied in
product development?

A practical approach to user involvement 'user
study' was developed. The approach was tested
in one case, and the results were evaluated to be
useful although the resources invested were
modest.

III What are the benefits and
costs of the proposed
approach to early user
involvement compared to
usability testing?

The user study approach was evaluated to
provide useful information for product
development. Preliminary evidence suggested
that user studies are a more effective way of
improving usability of the product than iterative
usability testing.

IV How can user needs be
represented and translated
into user requirements in
industrial product
development cases?

User need tables were developed to represent
user needs. It was discovered that the user needs
tables help designers to bridge the gap between
the user needs and user requirements when the
use case approach is used.

V How can the proposed
approach be introduced to
product development
contexts?

In introducing user studies to product
development small-scale pilot studies motivated
the developers. Developers and salesmen found
user studies useful. Innovation and customer
satisfaction were increased.

Table 14. The research problems and results in the articles.
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4.1 Implications

The principal implications of the four case studies are as follows:

1) Early user involvement is useful even in a short time frame with
relatively low costs.
The results provide preliminary evidence that user studies in the early phase
of product development represent a more effective way of improving
usability of the product than iterative usability testing (Study II).
Developers, a usability expert, and salesmen found the results of early user
involvement useful (Studies II, III, V). Innovation and customer satisfaction
were increased (Study V).

2) The proposed user study approach is a practical way of involving
users and gathering their needs.
The real product development case showed that persons without knowledge
of behavioural science can easily learn to do user studies if they receive
support (Studies IV, V). The approach was cost-efficient and the results
were useful despite the modest costs (Studies II, III, IV, V). User need
tables were introduced as a new representation for displaying the results. It
was found that user need tables help designers to bridge the gap between
user needs and user requirements when the popular use case approach is
used (Study IV).

3) In introducing user studies to product development, small-scale pilot
studies and multidisciplinary group work represent an effective
strategy.
Group members committed to improvement actions as they planned them.
The group learned by doing and new people could participate when others
already had experience with conducting user studies. Starting with a small-
scale user study was found to be motivating. Group members could see the
results quickly and became convinced of the importance of gathering data
on user needs and the effectiveness of the methods (Study V). The user
study approach was simple enough to be introduced to companies, in which
no usability group existed. It is a considerable challenge to train and
disseminate advanced user-centred methods even where usability is
recognised as one of the strategy focus areas in a large company
(Carlshamre and Rantzer, 2001).

The practical significance of the results can be evaluated by comparing them to
earlier research findings.

First, in the literature, field methods are frequently considered complicated
in practice (e.g. Hynninen et al., 1999). The present study showed that simple
methods are valuable and easier to introduce to product development. Simple
methods also reduce the risk that usability expertise itself might constitute a
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bottleneck in disseminating new practices company wide, as was the case in
Ericsson (Carlshamre and Rantzer, 2001).

It is typical that product development companies generally practice usability
testing (Darnell and Halgren, 2001). Now, we have initial evidence that it can be
even more effective to allocate usability efforts to earlier development phases, and
to study and understand users even before a prototype exists. Thus, we can also
influence the effectiveness and satisfaction components of product quality by
ensuring that users can achieve their goals by using the product in their own context
in a way that satisfies their needs. However, usability testing is also needed to test
the user interface solution and the interpretations made from user studies.

Furthermore, it is well known that several developers do not want anything
that represents addendum to the official and established development process rather
than an integral part of it (Carlshamre and Rantzer, 2001). In the present study,
early user involvement was linked to ordinary product development through
utilising a common use case oriented approach to documenting user requirements.
Technical developers were aided in using the user need information by linking it
through user need tables to use cases.

4.2 Characterising the user study approach compared to other approaches

Varied field methods have their own strengths and weaknesses. We can characterise
the user study approach and compare it with other approaches. The user study
approach is simple and cost-efficient, and it provides a comprehensive view of
users, including their goals, cognitive aspects, and social and physical environment.
However, the information it provides may not be so profound as more time
consuming approaches could uncover. However, as Wixon (1995) suggests, the
methods should be judged according to their purpose. The user study approach is
useful in the requirements elicitation phase, when we already have an idea of the
product, and we are gathering and documenting user needs and requirements. Its
strength lies in product development, where time frames are short and where the
alternative is to do nothing for gathering user needs.

Wixon (1995) suggests a framework for considering qualitative research
methods in design and development. The framework consists of a set of
dimensions, which can be used to categorise qualitative methods and the kind of
understanding that method produces.

One of the dimensions behind both data analysis and the overall
consideration of data gathering methods is whether one is gathering data to discover
aspects of user work or whether one is aiming to make decisions or to prioritise
development work for an engineering team (Wixon, 1995). Wixon (1995) suggests
that field methods are at the discovery end of the continuum and thus avoid the
prior specification of user tasks, metrics or performance, and measurement in
general. Instead, the emphasis is on discovering what users do, how they do it, in
what context they do it, and why they do it. Discovery-oriented methods are more
appropriate in the early parts of the development process and in some domains
could be viewed as a prerequisite to the more decision- and measurement-oriented
parts of the process.
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User study approach can be characterised in a similar way. However, it is
slightly nearer to the decision end of the continuum than are other field methods. In
the data gathering phase, the categories of relevant information are already fixed,
and the information is gathered and analysed according to these categories. This
renders the approach more effective and easier to use, but some information may be
missed. In particular, when the user is not observed for extended periods, certain
non-verbal information is missed.

Moreover, we can characterise user study approach as a top down approach,
as Wood (1996) characterises ethnographic interviewing. He refers to contextual
inquiry as a bottom-up approach because of its usual emphasis on first observing
and collecting the large amounts of data, and then inductively abstracting work
flows and other more general descriptions of the tasks being analysed. In both
Wood's approach and the user study approach interviewing results are used as a
general framework within which to interpret specific observations and samples of
real work. In the top down approach, certain details of understanding may be lost as
it does not start from scratch; however it is more cost-efficient for product
development purposes.

Similarly, user need tables in the user study approach are one way to
transforming user-centred analysis to concrete design among many others described
in Wood (1998). For example, Graefe (1998) describes how scenarios can be
converted to use cases. However, in user need tables, a special effort is made to link
user need descriptions and use cases clearly, and make the transformation easy. As
Wood (1998) states in his introduction to the book, there are several effective ways
to build the bridge, each suited to particular contexts and constraints. User need
tables accord with situations where cost-effectiveness and representing formal user
requirements for design are needed.

However, the elicitation methods of the user study approach cannot be
characterised as unique, but based on methods such as ethnographic interviewing
(Wood, 1996, 1997). In addition, several other approaches have recently been
introduced in order to render ethnography or other field methods more cost-
efficient and practical. As Viller and Sommerville (1999b) suggest, work has not
been unsuccessful but frequently falling short of fitting in with the day-to-day
practice of systems designers. In addition, there is the challenge of introducing new
approaches to practical product development. For example, Hughes et al. (1995)
emphasise the importance of determining focus in "quick and dirty" ethnography
studies so that field studies might not be such a prolonged activity. They also
recommend debriefing meetings between ethnographers and designers. However,
these field methods depend on the special skills of ethnographers.

Viller and Sommerville's (1999a) approach is a promising step towards
utilising ethnography in design, but it is not broadly used. They present a set of
social viewpoints and concern questions to support the analysis work. In their case,
designers performed the analysis themselves, supported by the ethnographically-
informed guidance.
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4.3 Limitations

The limitations of this research work are evaluated here using Kitschenham's et al.
(1995) case study guidelines. This work was based on a literature review and four
case studies. The general weakness of the case study methodology is that the results
may not be generalisable to other development conditions. Thus, the results of this
work may be valid only as far as there are similar development conditions such as
product type and company size. However, the work was carried out in multiple
cases with five different product development companies, so the results cover more
than one case and company.

Kitchenham et al. (1995) recommend that the selected pilot projects are
representative of the type of projects the company generally undertakes. They
claim, however, that it may be difficult in practice to control the choice of case-
study projects and so it was in this research. We had to select starting projects of
the moment. However, the projects were general projects in these companies, and
the case studies were conducted in several different projects in several companies.

In addition, the effect of confounding factors should be minimised in
selecting pilot projects. However, we had to select projects in which the members
were enthusiastic enough to take part in case studies. Thus, more research work is
needed in other product development companies and situations, in which the
developers are more sceptical towards the user-centred approach.

We evaluated the user study approach in cases where the participants used
these kinds of user-centred methods for the first time, and were learning to use
them. Kitchenham et al. (1995) warn against confounding learning how to use a
method or tool with trying to assess its benefits. The effects of learning to use the
method or tool might interfere with the benefits of using it. However, the
introduction and learning phases were considered essential parts of the usefulness
of the user study approach, and the goal was to develop an easy-to-learn and cost-
efficient approach. Therefore, it was in fact desirable that the effects of learning
interfered with the benefits of using it.

4.4 Future challenges

Implementing early user involvement company wide is the greatest challenge in the
future. By way of example, Carlshamre and Rantzer (2001) cite the difficulties
experienced by Ericsson, where in fact usability has been recognised as one of the
strategy focus areas. They found that maturity of usability and introducing methods
is not only about depth, how well methods are introduced; it is also about breadth,
how widely the methods are accepted throughout the company. In their case, it was
a considerable challenge to train and disseminate advanced user-centred methods,
and usability expertise itself constituted a bottleneck. The dissemination of good
practices from single projects throughout an organisation requires special effort.

Similarly, KONE has hired a usability specialist whose responsibility is to
organise regularly new user studies. The next step in this company is to plan
systematically the implementation of good practices. The group in this study
included usability oriented people, but now they must convince the most



53

technically oriented practitioners of the importance of gathering data on user needs.
In our experience, they additionally need support in using the user study methods.

The last two years after piloting the user study approach have already shown
that KONE has continued to use the user study approach; four user studies and
several single customer visits have been performed and approximately 80 users and
customers met. In addition, new persons have been involved in performing user
studies in order to learn the methodology. Their sales organisation has suggested
more user study targets, as they consider user studies important for their customers
and their own organisation. User study document templates have been developed,
but now it is considered that a more formal user study process needs to be defined
so that other persons can perform user studies.
In addition, user study methods need to be refined to be yet more practical in the
industrial setting. Analysing and reporting results were found to be demanding in
the case studies, so this part of the work requires some improvement. The
impression of working with "a huge pile of unstructured data" was not, however,
experienced, as the entire study was performed in a structured manner.
Nevertheless, more straightforward tools and more routine ways of handling digital
photographs and videotapes are needed in order to present the results as clearly as
possible to product development engineers.
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