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Chapter 1 

Introduction 

Often humans want to perform tasks, but lack the knowledge to optimally perform 
the work. In this situation the human may be compared to Simon and Newell's 
rational agent having a breakdown. Both have a goal, but lack knowledge to decide 
the best choice of actions to accomplish the goal. The reason may be that the human 
is a beginner or novice, or that the human performs the task infrequently, and even 
experienced task functionaries may not always have the knowledge ready, especially 
under pressure of time. Also, knowledge evolves over time and even experts may not 
be aware of all details of new developments. This thesis concentrates on computer 
support to complement lack of human knowledge. 

Traditionally, education and training aim to prevent or remediate lack of knowl
edge on the job, but this is not always effective. Tasks become increasingly more 
complex and the fast development of knowledge and the frequent introduction of new 
methods and tools on the job make it difficult to decide beforehand which knowledge 
will be needed later. Knowledge and skills acquired in one context are insufficient 
and not immediately applicable in a new context. 

Information-technological methods have been launched as a generic solution for 
lack of expertise. Much has been invested in the development of knowledge-based 
systems technology to build systems for expert tasks and problem-solving tasks (see 
e.g. Schreiber et al, 1993), but two difficulties prevent wide application of advisory 
expert systems. Firstly, often the human is still necessary as sensor (i.e., data gath
erer), and actuator (i.e., implementer of actions), of the operational knowledge-based 
system, and therefore some effort is required to learn and use the system. Secondly, 
the competence or ability of the knowledge-based system is often limited and, as a 
consequence, both the human and the system lack knowledge. The first problem may 
cause "acceptance problems" with the intended users (Shortliffe, 1989). Combined 
with the second problem, the perceived trade-off between the potential performance 
improvement and ease of use and learning may render the systefri unattractive (Rouse, 
1988). 

The first-generation approach to knowledge-based systems was technology di
rected: try to automate as much as possible, and leave the rest to the human. In 
contrast, the ergonomics literature states that instead of designing just a technical 
system, one actually is designing a man-machine system or human-computer system, 
or even a socio-technical system. With the technology-directed strategy, the resulting 
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system may not fit the human very well and the overall performance of the design of 
the human-computer system may be less than optimal. A better strategy is to strive 
to allocate tasks the computer is good at to the computer and tasks the human is 
good at to the human. The recommended method for system design is, therefore, task 
analysis followed by task allocation, followed by user interface design (e.g., Sutcliffe, 
1988; Shepherd, 1989; Johnson, 1992). 

This classical ergonomics approach is an improvement over the technology-directed 
approach, but fails with tasks where neither the human alone nor the computer alone 
has the ability to perform the work according to requirements. Authors like Price and 
Clegg signal a need to utilise the complementary abilities of human and computer, 
but do not offer a solution except that : "There where a function is performed at an 
unacceptable level of performance by both [either] man anrf[or] machine, the function, 
and possibly the requirements, should be redefined." (Price, 1985, cited in Clegg et ai, 
1989). This situation may arise fairly often in the design of a particular application. 
That is, the dividing lines between the abilities of humans and computers will often 
not coincide with the dividing lines of the task analysis, as there are tasks that neither 
is fully competent at, and to which both could contribute. 

Besides allocating a task to either human or computer alone, there is a third 
option: utilising a method of working together, rather than have system and user 
work separately on separate subtasks. In such a method for cooperative problem 
solving, the human and the machine can pool their knowledge and skill. Metaphors 
that come to mind are: getting the best of both worlds, joining forces, or the blind 
carrying the lame. The central problem addressed in this thesis is how to design 
computer support to achieve such synergy between human and computer. 

1.1 Cooperative Problem Solving 

The difficulties with first-generation expert systems reveal a new requirement: user 
and system should be able to pool their knowledge in a flexible way. Among humans 
this happens all the time: in consultation, advise giving, group work, group decision 
making, and in many other types of cooperative effort. There have been numerous 
studies of the effect of cooperative problem solving in groups of humans on achieve
ment, compared with individuals working in isolation, These studies look at the work 
process, that is, what happens in the collective task performance, and at the collective 
achievement effect of group work or collective work. The overall conclusion is that in 
collective work an important increase of achievement can be obtained and that the 
partners in collaboration are able to solve problems which they individually were by 
no means capable of. 

Cooperation amongst humans can be used as a metaphor for the design of human-
computer systems. There are many different shapes such cooperation may have. 
Two issues seem important in computer support in general, including methods of 
support based on cooperative problem solving. The first is the effect of the support, 
in particular the difference between the result achieved with cooperative work and 
the achievement of individual work. The second is the process by which this effect 
is obtained. Numerous systems or prototypes have been built, but there has been 
relatively little reflection on the characteristics and conditions that determine their 
effect on performance, and except for Rouse (1988), Silverman (1992), and few others, 



there has been little systematic empirical research into the effects of these creations. 
To give an example of a system based on cooperative problem solving, Figure 

1.1 shows a kitchen design system used by Fischer and co-workers (1990, 1993). In 
its simple form, it is a good illustration of a method for pooling knowledge between 
human and computer in computer-aided design. The user-interface shows the solution 
being worked on as a shared object. The user can create a design by selecting objects 
in the left-hand area of the window and can position them in the right-hand side design 
area. When the system detects a flaw in the design, it informs the user through a 
pop-up window. 

Kitchen Designer 1.0 
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You better use a fridge that opens on the 
right-hand side as the fridge will usually 
be approached from the right. 

Figure 1.1: An example of a system for joint task execution: a system that criticizes 
the user's kitchen design. 

Silverman (1991, 1992) distinguishes two types of cooperative systems: systems 
for prevention and correction. He conceptualizes the human and the system organized 
in a main loop in the execution of a real world task. Systems for prevention provide 
feedforward, they advise, inform or guide the user beforehand, to prevent errors being 
made. Systems for corrrection monitor the user's actions and provide feedback and 
may even block the user's actions. 

The kitchen design system is an example of a system for correction. An earlier 
example is a system by Miller (1983, 1984), that monitors and provides feedback 
on aenestisists plans. Its behaviour, for which Miller coined the term critiquing, is 
somewhat similar to that of the kitchen design system: the user may enter a candidate 



solution, and then the system provides an analysis of pros and cons of this solution 
and of reasonable alternative solutions. Systems for prevention or correction are broad 
categories and within each category there is room for very different behaviour of the 
system. This points to the large distance between correction as an abstract method 
of support and implemented applications. Even if the application domain and the 
behaviour of two systems are the same, they can have a different user-interface. Such 
details of the implementation may be crucial to the efficacy of the system. 

The design of human work in a computer environment can employ methods of 
cooperative problem solving to supplement the human in task performance, that is, 
there are a number of methods available that can be used to construct systems for 
cooperative problem solving which are technologically feasible, but yet there is little 
knowledge about the efficacy of these methods to utilize complementary abilities of 
human and computer. It would be quite important for the design of human-computer 
systems to know which methods are beneficial under which conditions and to explicate 
the implications of this knowledge for methods of system design (Silverman's "prac
tical theory", 1992). The need for such theory is even more pressing as information 
technological methods may have harmful effects. Although designed and sold with 
good intentions they may actually be a hindrance rather than a help. For example, 
Neerincx & deGreef (1993), showed that a support system of a commercial statistical 
package actually has a detrimental effect on performance and learning of naive users. 

Such a practical theory (Silverman, 1992), would be helpful and important in the 
design of better human computer systems, but would never be near to complete in 
the mid term, because the final performance of the man-machine system depends on 
many factors: the nature of the task, characteristics of users, external influences of 
the task environment, system behaviour, the design of the user interface and, last 
but not least, it depends on the criteria to be used to assess performance. In the 
design of an application all available practical theory, as well as psychological insight 
and common sense may be used, but the overall efficacy of the design of the human-
computer system needs to be tested and the design of a complex human-computer 
system remains to some extent a generate-and-test process. 

Computer support using methods for joint execution in which the system com
plements human weaknesses or deficiencies is an interesting prospect. It promises 
better human-computer systems than those designed with the classical ergonomics 
and expert systems approaches. Expert systems are not always fully competent. In 
cooperative problem solving, the competence of the user is also utilised, and a co
operative system may provide a solution in situations where classical approaches or 
expert systems cannot provide a solution. Secondly, systems for cooperative problem 
solving may not only be more effective, but also simpler, less costly and more fea
sible, avoiding the need for complete expert models, because better use is made of 
the knowledge and skills the user can bring to the task. Finally, cooperative systems 
have the advantage that the human remains in the loop, an essential requirement in 
the eyes of those experienced with real applications in control rooms of chemical or 
nuclear plants (Wickens, 1992; Woods k Roth, 1988). 

Apart from the question whether users can profit from critiquing in its various 
forms, designing and implementing an application is in itself a major problem in the 
realm of knowledge and software engineering: how to acquire the knowledge, how 
to formalize the knowledge, what architecture to use. Software engineering design 
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methods ("methodologies") like those for data base systems, information processing 
systems and knowledge-based systems may help to support system development. 

Analysis and design of systems for joint, interactive task execution is usually out
side the scope of the classical design methods and techniques. Analysis and models 
are limited to static, fixed task distributions and cooperative behaviour is limited to 
master-slave interaction. Also, there is a lack of systematic knowledge about prin
ciples and conditions that determine the effectiveness of computer support based on 
cooperative problem solving. 

1.2 Overview 

This thesis is about computer support for humans who want to perform a task but 
who lack knowledge needed to perform the work according to the requirements. The 
question is what kind of cooperative problem solving can be employed to effectively 
support human task performance. Or, to put it more simply: what is a good method 
of support. A closely related problem is how to design a hardware-software system 
that implements such support in a particular kind of task, user and environment. 
This I refer to as the method of system design. 

This thesis comprises two parts. Chapters 2 and 4 use, as a working hypothesis, 
the principle that a method for support can be based on imitation of human-human 
support between prospective users and experts in the specific kind of task. For the 
method of design KADS is used, a software engineering approach that can be described 
as model-based system design. A case study is performed in which two prototypes of 
an automated statistical consultant are developed. 

Chapter 2 discusses StatCons-0, the first prototype with a question-answer user 
interface design. Chapter 3 is an intermediate chapter that addresses knowledge 
representation of objects in the statistical domain. Chapter 4 discusses StatCons-1, 
the second prototype with an advanced graphical user interface. This StatCons-1 
system is somewhat similar to Fischer's kitchen design system. The user must enter 
his statistical design and the system returns possible errors in the design. At the end 
of the StatCons case study, it is concluded that the model-based KADS approach is 
helpful as a method for system design, but that KADS lacks in modeling interactive 
work processes. It is also concluded that neither prototype can provide effective 
support, because not enough attention was paid to the user and the task demands on 
the user in utilizing the support. These results expose a number of conditions that are 
not satisfied by the prototypes and these suggest a number of improvements needed 
in the method of design. 

The most important conclusion from the evaluation of the prototypes is that imi
tation of human-human support is problematic as a governing principle for the design 
of support systems. Cooperation requires additional work. This is more than just 
communication: partners need to manage interdependences between their activities 
and they need to adjust to each other. Gasser (1986), points to Straus's concept of 
articulation work. Malone (1988), speaks of coordination work. If the situation of 
the client of the human advisor is compared with the situation of the user of the 
support system, the user of the support system has more additional work. This may 
render the cost-benefit ratio less attractive and it poses a higher cognitive load on the 
human. 



Computer support, besides having potential benefits, has costs. With highly inter
active computer support, the costs are higher in general, and may exceed the potential 
benefits, compared with human-human support, and then the support may even have 
a negative effect on overall performance. 

The remainder of this thesis uses a new governing principle for the design of 
effective support: maximise the benefits for the user and minimize overhead of using 
the support. Cooperative problem solving is thus addressed from a more user-centered 
perspective. Computer support based on cooperative problem solving can only be 
effective if the cognitive overhead for the user in utilizing the support does not exceed 
the user's capacity nor exceeds the cognitive benefits for the user. 

Chapter 5 presents the feedback of the StatCons case study to the KADS method
ology. Based on the new insights, the software engineering design process needs to be 
adjusted. The heart of the matter is that we do not know enough about the conditions 
in which users can profit from knowledge-based support. To account for this, it is 
recommended to do a task analysis, with emphasis on the roles of user and system in 
the joint execution of the user's or organization's task. Also, it is recommended to, 
early in system design, use Wizard of Oz techniques (mock-up prototypes) and task 
scenario's, to test whether users can actually profit from the proposed functionality. 

Chapter 6 presents a survey of models of cooperative work-processes. This provides 
the means to analyze and describe collaborative processes in detail and with explicit 
specification of the behaviour in the interaction. It can be used to model simple and 
complex interaction protocols between agents, and can thus be used to specify the 
behaviour of a support method in interaction with the user. 

Chapter 7, " aiding the naive and novice user", presents a study of aiding, a form of 
cooperative problem solving quite different from critiquing. Instead of monitoring and 
correction, aiding is a method of prevention which directly addresses the user's lack 
of knowledge by presenting the missing knowledge. Its form is based on psychological 
theory of the human task executor. A design method for such aiding functions is 
proposed and this method is made operational using software engineering techniques. 
This method of support and this method of system design are investigated in designing 
a support system for a statistical analysis program called HOMALS. Finally, two 
laboratory experiments are conducted to test the efficacy of this type of support for 
users with few and almost no expert knowledge. 

Both the StatCons and HOMALS studies are in the domain of statistics, and this 
research therefore is related to the field of statistical expert systems. The next section 
makes this link explicit. 

1.3 Statistical Expert Systems 

At the beginning of the eighties, the first publications about statistical expert systems 
started to appear. In a technical report O'Keefe (1981), provides a conceptual de
scription of an "Automated Statistics Advisor" as a front-end for statistical analysis 
software. In the midst of the decade, the first workshops are organized: "Artificial 
Intelligence and Statistics" (Gale 1986), and "Expert Systems in Statistics" (Haux, 
1986). Most of the research efforts in statistical expert systems seem to concentrate 
on one aspect of statistics: the selection of the statistical analysis method. An early 
example of a forward chaining rule-based system for giving advise on the selection of 
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the analysis method is STATPATH (Portier & Lai, 1983). A recent example is MET-
SEL (Van den Berg, 1992). Two examples of systems that include support for the 
analysis process (i.e. actually performing the statistical analysis using certain analysis 
methods and decision making in the analysis process), are REX (Gale & Predgibon, 
1986), and GLIMSE (Wolstenholme & Neider 1986). REX supports regression analysis. 
GLIMSE, a "front-end" to the GLIM system, aims to support statistical analysis using 
a generalized linear model. 

Over the decade (see Chowdhury, 1987; Van den Berg, 1992 for overviews), dozens 
of statistical expert systems have been developed, but none of these systems appears to 
be in actual use. By the end of the decade, hopes are watered down. Molenaar (1988), 
provides a critical overview. Hand (1992) in an invited speech at the workshop on 
"New Techniques and Technologies for Statistics", concludes the failure of statistical 
expert systems and puts his hopes on knowledge enhancement systems. His KENS 
system (Hand, 1987) is less of an expert system but more of a hypertext system or 
text data base in which the user can search for information about statistical concepts 
and methods. 

This thesis describes three prototypes of statistical support systems. In the Stat-
Cons case study two prototypes were developed as test-bed vehicles. The StatCons-0 
prototype with a simple question-answer interface (de Greef & Breuker, 1985), was de
veloped as a simple exercise in applying early KADS. The StatCons-1 prototype with 
an advanced graphical user interface (de Greef, Breuker, Schreiber & Wielemaker, 
1988), was an effort to solve all deficiencies of the StatCons-0 prototype. This second 
StatCons prototype is much influenced by Wittkowski (1985), and Wolstenholme & 
Neider (1986). Their systems are based on a particular approach to statistical analy
sis: the generalized linear model (Neider & Wedderburn, 1972; McCullagh & Neider, 
1983). The generalized linear model is a unification of various statistical analysis 
methods, all brought into one framework, and applicable to a broad spectrum of 
analysis problems. Like most, if not all statistical expert systems, the two StatCons 
prototypes appear deficient with regard to utility and usability for the prospective 
users. 

Chapter 7 of this thesis adopts a different approach to support the user. It presents 
a prototype of a statistical support system different from all proposals for statistical 
expert systems. The approach to support is much closer to the knowledge enhance
ment idea, but it is also explicitly based on psychological requirements. It has been 
demonstrated in a laboratory experiment, using prototypes with and without aiding 
functions, that users can actually profit from this type of support. 


