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Abstract 

The importance and growing awareness of domain knowledge acquisition in information systems 

development and, especially, in the process of design of human-computer interfaces, are 

becoming more evident. In several in-house development projects, methods for efficiently 

capturing and utilising domain knowledge have been defmed and tested (e.g., through the 

definition of domain specific style guides and analysis of information utilisation). Also, methods 

for modelling case handling work in general terms, which is the main application focus of our 

studies, have been developed and tested in larger organisations. 

This paper focuses on the relation between domain knowledge models and conceptual models 

in information system development and user models in human-computer interaction. Based on 

Norman's model of user perception of an existing computer system, different limitations are 

identified and possible extensions are discussed. By introducing the domain context, several 

additional models of the work task by the user, as well as the designer, occur. If the dynamic 

iterative system development process is regarded, additional models and dynamic changes in the 

models over time can be traced. Furthermore, these models are related to the state-of-the-art 

knowledge on mental models and domain modelling. Implications for design, such as work 

modelling, iterative system development, analysis of information utilisation, design and evalu

ation methods, are discussed. 
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1. INTRODUCTION 

Domain modelling and domain knowledge acquisition methodologies have received increasing 

attention lately within human-computer interaction. The understanding of the task domain is 

particularly important for the design of efficient human-computer interfaces. The natural work, 

time, motivational and social context is essential, if not crucial, for the understanding of the work 

A. Sutcliffe et al. (eds.), Domain Knowledge for Interactive System Design
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domain. This is why a context sensitive approach is needed [Whiteside, Bennett, & Holtzblatt, 

1988]. 
The extension and limitation of what we call a domain is particularly interesting. The shifting 

foci on interface design from machine-ware, through single-user human-computer interfaces to 

the socio-technical environment [Grodin, 1990], suggests that the domain should never be limited 

in a way that factors that could influence the performance of work with computer support risk 

being left out. Design guidelines, such as the striving for consistency have, in various situations, 

been shown to attract attention away from the proper focus of user interface design, namely the 

user, the work task and the understanding of the work domain [Grodin, 1989]. 

It is important to sense the differences in various development contexts such as in-house de

velopment, commercial products development and competitively bid contract projects [Grodin, 

1991]. In contract development, users are known from the outset, but the development team is 

identified only after a contract has been awarded. In product development, developers are known 

from the outset but users can merely be identified after the product has reached the market. In in

house development both users and developers are known from the outset. This implies that one 

of the prerequisites for an efficient development team - good representation from the domain - is 

fulfilled. 
An early focus on users through the use of interactive design, empirical measurement and ite

rative design to capture the domain knowledge is essential [Gould & Lewis, 1985]. By intro

ducing a "spiral" model of system development more efficient user interfaces can be designed 

[Boehm, 1988]. Essential in this model are succeeding iterations to capture, interpret and refine 

the representations of domain knowledge, using prototyping techniques and user involvement. 

One framework for this view on system development is the task-artefact cycle [Carroll, 1991]. 

The purpose is to better understand the tasks people are undertaking, and to apply this under

standing in the design process. An important part of this understanding concerns the psychology 

of task behaviour. The task artefact cycle approach also includes the fact that the use of an arte

fact in a work environment, will redefine the tasks for which the artefact was originally designed. 

1.1 Domain modelling and domain-specific design 

Recent research within cognitive ergonomics stresses the importance of extending our user 

interface horizon beyond the visible user interface to designing users' interactions with domains 

[Fischer, 1993]. Knowledge about the importance of domain modelling date back as far as Gibson 

[1977] who, among others, stressed that psychology should be the study of the interaction 

between human beings and their environment. We are, as human beings, able to directly perceive 

the environment's constraints and affordances (possibilities), which are necessary in order to be 

able to achieve our goals. Within the cognitive engineering approach, it is noted that the human is 

not a passive user of a computer program, but an active problem solver in some world [Woods & 

Roth, 1988]. In Rasmussen & Vicente [1990], the importance of the work task as a fundamental 

unit in the human-machine system is emphasised. Relating it to ecological psychology, domain 

analysis could be described in terms of its affordances and constraints and the goals of the user as 

states of the domain [Vicente, 1990]. Information that the perceivers actually are using in their 

work is important to attain a valid domain model [Neisser, 1987]. Domain modelling can also be 

useful for software engineering and should have its greatest impacts on software reuse [Arango & 

Prieto-Diaz, 1991]. 
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In Gulliksen [1995], case handling models have been discussed in terms of a general frame
work for capturing domain knowledge. These work activity specific domain models have proven 
to be not only essential, but a necessary prerequisite for, in order to be able to create and design 
domain specific user interfaces. These domain model structures are dynamic, which is necessary 
to meet the coming changes in the work activities of the organisation, and also for being able to 
compromise between different demands from these work activities. The domain models are based 
on the assumption that technological changes in the organisation can not be made without 
meeting the necessary changes in the organisational structure, the human being and his/her 
competence, and the work activity as such [Leavitt, 1958]. 

Domain-specific design and domain-specific style guides [e.g., Gulliksen & Sandblad, 1995a] 
are methods that have received extensive attention in later years in larger corporations for their 
development strategies. By introducing high level standards that contain domain knowledge, 
development of applications can be made faster, cheaper and easier. This can also lead to 
increased possibilities for user participation and result in more usable user interfaces. We 
consider this a very important method for capturing domain knowledge. 

1.2 User centred system design - Cognitive engineering 

To be able to understand the system development process we need to extend the well known 
model of user perception of an existing computer system (Figure 1 ). 

Designer 

Documentation 

Figure 1. The System Image, the resulting abstraction of the designer's conceptual model, is 
what the user interacts with to establish a user's mental model of the system. (reproduced from 
Norman, D.A. (1986) Cognitive Engineering, In Norman & Draper (eds.) User Centered System 
Design, Lawrence Erlbaum Associates.) 

Norman [1986) identifies the Design Model - that is, the conceptual model of an information 
system held by the designer, the User's Model- that is the conceptual model formed by the 
user and the System Image - the interface image resulting from the physical structure that has 
been built (including documentation and instructions). The System Image is the physical image of 
the computerised work situation. By perceiving this, the user's mental model can be derived. The 
design problem is to create a system that follows a consistent, coherent conceptualisation (the 
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design model) so that the user can develop a mental model (user model) of that system consistent 
with the design model. Note that the User's Model is not formed from the design model but from 
the way the user interprets the System Image. It should be realised that everything the user inter
acts with helps to form that image. 

2. A STRUCI1JRE OF MENTAL MODELS IN EXPERIMENTAL 
ITERATIVE SYSTEM DEVEWPMENT 

The model should, however, be extended for understanding the development and refmement of 
mental models during the process of system development. First, this model does not regard the 
work task to be accomplished with the support and, second, the model does not capture aspects 
stemming from the iterative task and system development process. 

2.1 Possible Extensions: The work task 

Hence, it is necessary to extend Norman's model with the actual work task for which the user 
wants, or needs, in a computer system (Figure 2). 

Documentation Work 

Concrete 
•ppcarancc 

Figure 2. By introducing a basic work task in Norman' s view of the mental models involved in 
the perception and interpretation of a computerised work situation it will be important to 
establish additional mental models of the work task by both the designer and the user. 

A "basic task" is to be accomplished what ever system or user interface the user is using. Exam
ples of such tasks are: the writing of a book, to decide whether or not to buy stocks of a certain 
price and kind, to see to it that someone's wage gets paid, etc. 

Performing a basic task is the utmost goal of a professional user's interaction with the system. 
It is our view that the designer of the functionality of the software must have a thorough 
knowledge of certain aspects of the work task to be able to design an effective user interface. The 
ideal situation would be if the designer's mental model of work could be similar to the user's 
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mental model. The best prerequisite for design would, perhaps, have been a formal description of 
the user's mental model of work. Unfortunately, capturing of mental models is more or less 
impossible. Work is an abstract concept that the designer can only view through its observational 
methods such as interviewing and observing a worker interacting with his/her work task and by 
studying existing physical descriptions of the goals of the work activity. Of course, the actual 
user is the expert in his/her own area of work, which is why participatory design techniques 
should be appropriate [Schuler & Namioka, 1993; Greenbaum & Kyng, 1991]. On the other 
hand, if adopting more user controlled design methodologies [Bjerknes, Ehn, & Kyng, 1987; Ehn, 
1988], the limitations of the techniques become more evident. Users are, although necessary and 
essential in the development work, not in anyway experts in human-computer interaction design. 
Neither do they have the ability to critically analyse their work and establish automatic 
behaviour patterns nor possible shortcuts. That is, a designer needs to be introduced into the 
development work with the issue of establishing appropriate mental models of certain aspects of 
the basic tasks and to be able to design well-functioning user interfaces. It is a somewhat diffe
rent system image that occurs when the designers incorporate their conceptual model of work 
into a conceptual design model of a system. When this design model is implemented in the 
system the system image that that system creates is task supporting in that particular domain. 
These mental models held by the designer have to be formed somehow. 

2.2 Possible extensions: Iterative experimental system development 

Norman's model (Figure 1) is a static description of mental models involved in human-computer 
interaction. Obviously, mental models evolve and change over time, just as work patterns change 
as the user acquires expertise. An understanding of the modelling of the domain knowledge 
requires an understanding these mental models that are created and changed in iterative 
experimental system development. We analyse skilled routine workers that are experts in their 
domain of work, but these workers are not in any sense computer experts. Their view of their 
work has derived from a long period of adaptation and specialisation. Work can be complicated 
and cognitively demanding at the same time. This is because work contains automatisable routine 
micro tasks that can be performed simultaneously and in parallel with a cognitively demanding 
task. The work can include interaction with clients or fellow workers, telephone calls, meetings, 
calculations, information collection, decision making and reading and writing in different combi
nations. This type of work usually requires a great extent of task switching [Bannon, Cypher, 
Greenspan, & Monty, 1983; Henderson & Card, 1987]. 

In general, the professional worker is the best expert in his/her area of work and hence can 
perform the work in the best way. Before the computerisation project, the user has a functioning 
model of the work situation with which he/she interacts (Figure 3). 
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Designer 

Figure 3. The work situation before starting the computerisation project. 

If a computerisation of a work situation is decided upon, the user interface designer has to ana

lyse and collect samples from the work situation based on, for example, an analysis of 
information utilisation [Gulliksen, Lif, Lind, Nygren, & Sandblad, 1996]. The information needed 
in the different work steps can be captured, and observations can be made on how this 
information is being physically manipulated. This is essential in the quest for cognitively 
demanding aspects of information use when designing computer support. The work can also be 
viewed according to the overall goals and expectations of the future work situation, independent 

of the aids for the current work situation (e.g., predicting whether a special operation is 
necessary to perform by a particular worker or if another competence in the organisation is 
required; predicting if a computer system automatically could perform an operation). The 
designer establishes a conceptual model of the user's work situation by analysing and observing 
the work as such and by interviewing potential end users (Figure 4). 

Designer User 

Figure 4. The analysis of information utilisation captures important aspects of information 
handling both from interviewing intended users and observing concrete appearances of the work 
situation. 

Errors occur both as designers misinterpret the user's mental model when observing the user 
interact with the work situation, and because of the problems of capturing all aspects of the 
work without the designers themselves performing it. Difficulties in specifYing the results of the 
analysis of information utilisation in a formal or semiformal language, can also cause errors, as 
well as aspects that can not be formally specified [Gulliksen eta!., 1995]. 
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According to this methodology the design process is then defined as a translation of a concep

tual model of prospects of the work into a system model by the designer. Here, the designer has 

the possibility to capture aspects that could not be formally specified and present it in a design. 

The system model is the basis for the development process. The designer should have aids for 

describing an interface prototype so as not to be misinterpreted and sufficient competence to 

conduct a design that can be implemented. One should be aware of the fact that a computer's 

system image will bring changes to the entire user model and, therefore, could change the work 

routines dramatically. The designer's model of the users work is the prerequisite for the design 

on how work is to be performed and which aspects that change due to computerisation. The user 

can now establish a user's system model by using the system image in the work context, and 

then matching it with the simplest possible mental model. (Figure 5). 

Figure 5. The designer has to translate the design model into a system model to be able to create a 

system for the user to perceive and learn to operate by establishing a user's system model. 

This design process should be performed by a designer not directly involved in the work himself, 

but with much experience in interface design and with a set of basic interface design heuristics 

available (e.g., how much information to present on the screen simultaneously, colour coding, 

pattern recognition possibilities, automatisable processes, visual coding, etc.). The user's system 

model can implicate new views on the work tasks and therefore revised mental models. This 

system might be a prototype in the first iteration and will further change as the system develops. 

An information system is never actually brought to completion, but continuously undergoes 

revision and maintenance as the work changes and develops. Therefore, the model continues in a 

spiral process (Figure 6). 
It is important to keep down the iterative system development cycle time. It is also important 

that the person performing the analysis is the same person as the one performing the design to 

obtain the best communication of informal results of the analysis. If development could be 
performed based on the above model, simultaneous development of the information system, the 

work task, the user and his/her competence and the organisational setting in which this occurs 

can take place. This would then lead to better (more usable) user interfaces, better utilisation of 

the development resources and greater satisfaction by all participators in the development 

process. 
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2.3 Presumed gain from extending Norman theories 

To understand what mental models that are formed in user centred system development, how 
they are formed, and the importance of extending the task domain is an important prerequisite 
for understanding and acquiring the relevant domain knowledge for successful user interface 
design. Field studies on in-house development projects have shown numerous examples of 
where domain studies have been deliberately ignored, improperly communicated or distorted 
due to limitations in development tools and limited opportunities for effective user in
volvement. It is our belief that the theories above can support a knowledge basis for system 
development. This involves the establishment of appropriate methods for analysis and 
documentation of analysis results, for communication of formal and informal domain 
knowledge, for development of design methods and tools that has domain knowledge 
acquisition as a substantial part. For example, the method of analysis of information 
utilisation [Gulliksen et al., 1996], that especially focuses on factors affecting cognitive load 
or domain specific design methodologies with domain specific style guides are frameworks for 
the establishment of domain models .. 

3. ITERATIVE EXPERIMENTAL SYSTEM DEVEWPMENT 

There is an obvious parallel between the capturing of mental models and the formulation of 
requirement specifications in a development project. There is also a parallel between the 
development and evaluation of prototypes on the one hand, and the user's ability to 
understand how the work and work enviromnent will be effected by the introduction of new 
computer artefacts on the other. To support efficient development of such models, the 
procedures and techniques for participatory design and user centred system development 
must be well adapted to this purpose. In this context, the use of domain specific methods and 
techniques are especially important. With such methods, it might, for example, be possible to 
specify requirements etc. directly in domain terminology; that is, in the language ofthe user. 

Participatory design means that representatives from the work domain (i.e. the organisa
tions into which the system under development is to be implemented) are involved in the 
development process. Domain representatives (normally referred to as "end users"), are those 
interested in the formulation of requirement specifications or the evaluation of prototypes in 
an organisation. Other representatives from the organisation should be involved, as well. Parti
cipatory design should include (at least) three different participants: domain experts, designers 
and developers. The designers are responsible for design and evaluation of system function
ality and user interface. The developers are responsible for the implementation of the designed 
system and interface. In practise, the roles of designers and developers are often performed by 
the same person. It is, however, important to distinguish between these different roles of 
work. A basic principle is that the domain experts should only specify their requirements in 
work activity related terms, and the role of the designer is to bridge the gap between domain 
experts and developers. The communication between these different participants are based on 
their mental and conceptual models during the phases of the development process. 

There are many obstacles to overcome if participatory design is to be efficient. The 
involved persons must be mighty competent and skilful. The organisation of the development 
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project must be efficient, especially concerning how much resources should be allocated to the 
domain experts so that they can contribute in an efficient way. More importantly is the 
support given for how knowledge on the mental and conceptual models can be incorporated in 
the design process. 

There are different approaches to how the user centred development process is organised 
and to which aspects that are considered. The overall purpose must be to base the develop
ment model on such basic requirements as discussed above. Some important aspects concern
ing aspects to be considered in a user centred development model are discussed in the task
artefact model [Carroll, 1991]. The task-artefact model includes a psychological approach to 
understanding users and their tasks, together with the observation that there is a strong feed
back from the artefact to the performance of tasks. The method for analysis of information 
utilisation, as discussed above, is one method for analysing cognitive aspects of how users 
perform their tasks in a specific work environment. The feed-back aspect, i.e. how the use of 
an artefact can redefine the way it is performed, can only be treated by active user involve
ment in an iterative process. 

Prototyping is an important technique in participatory design. In order to efficiently 
support the design process, prototypes must visualise all relevant aspects of the artefact 
under development. Prototypes can be seen as tools for making models concrete, and can 
facilitate communication of models between the participants involved in the participatory 
development. If prototyping, as a design support method, is to be efficient, the quality of the 
prototyping tools is essential. An efficient prototyping tools must support the cooperative 
process. It must have the capabilities to rapidly produce new versions for usability tests. The 
continuous implementation of new domain specific interface elements as parts of the tool 
must also be supported. Today's tools do not fulfil these requirements. Further research and 
development is therefore necessary. 

In a user centred design process there is a need for appropriate evaluation methods and 
techniques. Prototypes must be evaluated with regard to utility and usability criteria [Nielsen, 
1993; Lif & Sandblad, 1996]. Evaluation methods will, in this way, have the function of 
verification of the user's mental model of the system and the designer's conceptual models. 

4. SPECIAL REQUIREMENTS FOR SKILLED USERS 

For skilled professionals, efficiency is necessary concerning both the interface in a work envir
onment and the development process. An interface is efficient in the work process for end 
users if it is cost effective, has the right functionality and is "obvious" to the user [Nygren, 
Johnson, Lind & Sandblad, 1992]. This means that the user can devote most of his 
concentration on the work process and spend a minimum of cognitive effort handling the 
interface. 

Most administrative routine work involves making judgements and decisions. Thus, 
computer systems designed to support human work in such domains are systems that 
support decision making. Decision making is a demanding cognitive process and human 
cognitive abilities for decision making have limited capacity. Decision making and the control 
of the human-computer interface should be regarded as two concurrent tasks competing for 
the cognitive resources of working memory [Lind, 1991]. The main objective for construction 
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of user interfaces should be to make the control of the user interface possible to perform on an 
automatic cognitive level, leaving the high level cognitive capacity for the decision making 
process. This can be accomplished by designing the interface so that it requires a minimum 
amount of attention from the decision maker during the decision period (e.g. by avoiding scrol
ling or paging, avoiding the need to call up, re-size and move additional windows or replying 
to modal dialogue boxes). We, therefore, need to identify major decision making situations and 
the information needed in these situations to be able to pre-determine a specific layout and 
functionality for each type of decision making situation. 

Problems arise when a user is attempting to accomplish several different tasks in a single 
session [Bannon, Cypher, Greenspan, & Monty, 1983], which is very common in case hand
ling work. The concept of 'workspaces' is introduced as an interface metaphor that supports 
activity coordination and, thereby, reducing mental workload. 

Development of new computer systems is often a basis for the development of the entire 
work process in an organisation. It should be possible to treat organisational aspects and in
formation handling aspects parallel to each other. Therefore, traditional methods for work 
analysis need to be revised. Expectation analysis of workers in an organisation can be used to 
dictate goals for the work development. Goal-expectation conflicts are often sources to low 
user acceptance, but could perhaps be solved if recovered early. 

5. DISCUSSION 

The problems that results from the separation of the interactive software functionality and its 
form (symbolised by the human-computer interface), are enhanced according to the different 
research communities - one focusing on information system functionality and organisational 
impacts, and one focusing on human-computer dialogue, or user interfaces that are engaged in 
the development [Grudin, 1992]. Recently, an attempt to bridge the gap between observation 
of end users' needs and the support for system design by a functional information and know
ledge acquisition modelling method for capturing domain knowledge has been made 
[Sundstr6m & Salvador, 1995]. It stresses that a user-centred design approach is incomplete 
unless it incorporates techniques for analysing the operational environment. The need for 
incorporating domain knowledge in the software development process becomes more appa
rent and possibilities for it are also increasing, due to the illumination of the problem of lack
ing domain knowledge acquisition. 

The theories stressed in this paper constitute a theoretical framework for several methodo
logies for information technology and domain development. Existing methods for task analysis 
need to be extended with a method that we call analysis of information utilisation (AIU). 
This method focuses on how information entities encountered in the information analysis are 
physically being manipulated, and especially factors concerning cognitive load. There is a need 
for domain specific design methodologies that facilitate the incorporation of domain know
ledge early in the design process. These are described in Gulliksen & Sandblad [1995a]; Boriilv 
eta!. [1994]; Gulliksen et a!. [1993]; Olsson et a!. [1993]; Gulliksen & Sandblad [1995b]. 
Research on general domain modelling methodologies has only recently been initialised. So far, 
this research has been successful within the case handling framework [Gulliksen, 1995]. 
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In the future, we will continue to work on specifying these development aids to be able to 

incorporate domain knowledge into every step of the interactive system development 

process. 
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