1

Knowledge
Management:
The Role of Mental Models in
Business Systems Design

Tom M. van Engers

3

VRIJE UNIVERSITEIT
Knowledge Management: The Role of Mental Models in Business
Systems Design

ACADEMISCH PROEFSCHRIFT
ter verkrijging van de graad van doctor aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus
prof.dr. T. Sminia,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de faculteit der Exacte Wetenschappen / Wiskunde en
Informatica
op dinsdag 11 december 2001 om 13.45 uur
in het hoofdgebouw van de universiteit,
De Boelelaan 1105

door
Tom Maarten van Engers
geboren te Veldhoven

4

Promotor:
Copromotor:

prof.dr. J.M. Akkermans
dr. G.C. van der Veer

5

SIKS Dissertation Series No. 2001-11

The research reported in this thesis has been carried out under the
auspices of SIKS, the Dutch Graduate School for Information and
Knowledge Systems.

1

1

Acknowledgements
One of the most intriguing phenomena of knowledge management is how
normal people perform their daily jobs. However, although many of us have
jobs ourselves we know hardly anything about the mechanisms that allow
the complex interactions between man and environment that occur during
job execution.
Designers of information systems, organizations, learning environments,
etc., influence the way people interact with their environment. It is curious
that many designers have successful careers without even the slightest
curiosity about the ‘mechanisms in the mind’ that allow people to work with
their systems. Users of the systems we design deserve our respect for
being willing to learn to cope with the new environment we enforce upon
them.
I therefore dedicate this study to all future system users.
This research could not have taken place without the cooperation of my
employer the Dutch Tax and Customs Administration. Without the studies
performed by the Internal Audit Department (IAB) this thesis would not be
the same. I want to thank Hendrik van Moorsel, Ton Poppelaars, Henk
Marcus, Ronald Netten and all the other collegues at the IAB. I would like
to thank the Belastingdienst/Centrum voor Proces- en Produktontwikkeling
for their support and encouragement.
I am also grateful to the participants of the Vanwoodman conference on
Knowledge Productivity. When I performed my experiment at this
conference many of you were not aware that you were participants. I felt
that we could create an experimental setting since we share a common
interest in knowledge productivity and many of the participants also subject
their clients to experiments themselves (such as organizational change
programs). Thanks for participating in my experiment. Besides sharing
valuable data I think we also enjoyed ourselves.
I would like to thank the people of the former project organizations AI&AA,
BIC and OBER, who were willing to cooperate in the experiment on
performance. I especially want to thank Cuno Wegman and Rob Hermsen,
the designers of the system we used in this experiment. Cuno Wegman
also prepared a modified version of the system.
This thesis consists of material that was gathered during many field
experiments. I want to thank my colleague and friend Peter Vink who
Knowledge Management: The Role of Mental Models in Business Systems
Design

2

2

helped me order and store all the data, made notes during our meetings,
discussed the interview material, etc..
I also want to thank all members of the POWER team, especially Erwin
Glassée who helped develop the knowledge representation formalism, Jan
den Hartog and Rik Gerrits for their work on verification and Patries
Kordelaar who helped me to pull off the program as a whole.
Furthermore, I want to thank all the doctoral students who assisted me with
my research. Paula Versteegen participated in the research on mental
models and performance, Hester Breman and Bas Mulder participated in
the study on learning styles and Liane Vork joined the study on the social
aspects of performance. It was fun working with you and your critical
questions helped me to express the questions that really matter. I hope that
you learned as much from our research as I did.
I also want to thank Herre van Oostendorp, Paula’s, Hester’s and Liane’s
university coach for his comments on the experimental design.
I would like to thank Mari Carmen Puerta Muelguizo for her contribution to
the study on the social aspects of performance and for her critical reading. I
think the statistics were greatly improved after our methodological
discussions.
I would like to thank Jill Loriaux for improving my English and editing the
thesis. I also would like to thank Stella ter Horst for her remarks on the
‘final versions’ of this thesis.
I also want to thank the Belastingdienst/Centrum voor Proces- en
Productontwikkling for their support during the final stage i.e. publishing
this thesis.
I thank Gerrit van der Veer and Hans Akkermans for coaching me. I know
that the inter-disciplinary character of this research did not make it easy for
you. Your comments and criticisms were very stimulating. I also want to
thank Mathieu Weggeman and Joseph Kessels for their criticisms. A
special thanks goes to Ted White, who stimulated me to write this thesis in
the first place. Unfortunately he did not live to see the result.

Knowledge Management: The Role of Mental Models in Business Systems
Design

3

3

I would like to express my deepest thanks and love to my wife Suzan.
Without her support this project would never have been finished.
Tom van Engers
Apeldoorn, April 2001

Knowledge Management: The Role of Mental Models in Business Systems
Design

4

4

Contents
1.
Introduction ................................................................................ 8
Abstract 8
1.1.
Knowledge management: hype or science? .................................. 8
1.2.
The structure of this thesis ......................................................... 10
1.3.
An intuitive approach to the concept ‘knowledge’ ........................ 11
1.4.
Knowledge management; a container concept ............................ 14
1.5.
Knowledge management and the role of ICT .............................. 17
1.6.
Knowledge management and organization typology .................... 18
1.7.
Knowledge management as a managerial discipline ................... 21
1.8.
Knowledge management and knowledge engineering ................. 22
1.8.1. Knowledge modeling ..................................................... 23
1.8.2. Elicitation ...................................................................... 25
1.8.3. Structuring .................................................................... 28
1.8.4. Formalization ................................................................ 28
1.9.
The role of human behavior in knowledge management .............. 29
1.10.
Bridging the gap: the role of mental models in behavior .............. 31
1.11.
Global Research Design ............................................................. 33
1.12.
References................................................................................. 35
2.
Opening the mental black box ................................................. 40
Abstract 40
2.1.
Introduction ............................................................................... 40
2.2.
Pathfinder.................................................................................. 41
2.2.1. Eliciting concepts .......................................................... 41
2.2.2. Presentation of the concepts and establishing the
concept relationships..................................................... 42
2.2.3. Measurement of mental representations by Pathfinder... 43
2.3.
Teach-back ................................................................................ 45
2.3.1. Analysis of teach back protocols ...................................... 47
2.4.
Pask’s learning styles ................................................................. 50
References .............................................................................................. 54
3.

The match between mental models as a predictive tool for
knowledge productivity ............................................................ 57
Abstract 57
3.1.
Introduction ................................................................................ 57
3.2.
Mental models and performance ................................................. 58
3.3.
The experimental design ............................................................ 59
3.4.
Procedure details ....................................................................... 62
3.5.
The measurement procedure ...................................................... 63
Knowledge Management: The Role of Mental Models in Business Systems
Design

5

5

3.6.
3.7.

Results 64
ANOVA analysis ......................................................................... 65
3.7.1. Total steps .................................................................... 65
3.7.2. Total solution time ......................................................... 66
3.7.3. Affect ............................................................................ 66
3.7.4. Mental model similarity.................................................. 66
3.8.
Correlation analysis.................................................................... 67
3.9.
Interpretation and conclusions .................................................... 68
References.............................................................................................. 69
4.
Mental Models and Learning Styles......................................... 72
Abstract 72
4.1.
Introduction ................................................................................ 72
4.2.
Learning styles ........................................................................... 73
4.3.
Research questions.................................................................... 75
4.4.
Operationalization ...................................................................... 77
4.4.1. Pathfinder ..................................................................... 78
4.4.2. The Pathfinder concept set............................................ 79
4.4.3. Teach-back ................................................................... 80
4.5.
Description of the data ............................................................... 81
4.6.
Analysis of the data .................................................................... 84
Age
84
Sex
84
Sector 85
4.7.
Selection of the subjects for the Pathfinder measurements and
teach-back protocols .................................................................. 86
4.8.
Testing our hypotheses .............................................................. 89
4.8.1. Hypothesis 1: Node centrality ........................................ 90
4.8.2. Hypothesis 1: Internal coherence .................................. 93
4.8.3. Hypothesis 1: Teach-back categories ............................ 94
4.8.4. Hypothesis 2: Analysis of temporal effects using node
centrality ....................................................................... 96
4.8.5. Job experience effects on internal coherence ................ 98
4.9.
Conclusion ............................................................................... 100
References............................................................................................ 102
5.
Knowledge productivity in a social setting ........................... 107
Abstract 107
5.1.
Introduction .............................................................................. 107
5.2.
Knowledge productivity from a group process perspective ........ 109
5.2.1. Vision.......................................................................... 109
5.2.2. Strategy ...................................................................... 110
Knowledge Management: The Role of Mental Models in Business Systems
Design

6

6

5.2.3. Operations .................................................................. 110
5.3.
Group culture ........................................................................... 110
5.4.
Shared conceptual modeling .................................................... 112
5.5.
Experimental design ................................................................. 114
5.6.
Testing the hypothesis.............................................................. 120
5.7.
The questionnaire..................................................................... 120
5.8.
Results 122
5.9.
Interpretations of the results ..................................................... 124
5.10.
Conclusions.............................................................................. 126
References ............................................................................................ 127
6.

Facilitation of business process redesign by coconstructing a shared conceptual model .............................. 129
Abstract 129
6.1.
Introduction .............................................................................. 129
6.2.
Knowledge management and organizational change................. 134
6.3.
Competence management ........................................................ 135
6.4.
The development of a practical knowledge management
instrument ................................................................................ 137
6.5.
Changing an organization of professionals into a professional
organization ............................................................................. 139
6.6.
CommonKads revisited: knowledge analysis and scenario
development in practice............................................................ 142
6.6.1. Process identification .................................................. 142
6.6.2. Global knowledge survey............................................. 145
6.6.3. Knowledge logistics survey.......................................... 146
6.6.4. Knowledge characterization......................................... 147
6.7.
Scenario development .............................................................. 149
6.8.
Designing a new function building from a knowledge productivity
perspective............................................................................... 152
6.9. Conclusions and discussion ........................................................... 153
References ............................................................................................ 155
7.

Facilitation of business process redesign by constructing a
shared conceptual model: POWER ........................................ 159
Abstract 159
7.1.
Improving the implementation chain of legislation ..................... 159
7.2.
The POWER process................................................................ 163
7.3.
The application of POWER to a “simple” example from the Dutch
Income tax law ......................................................................... 169
7.4.
The application of POWER to a simple example from the
American Income tax law.......................................................... 175
Knowledge Management: The Role of Mental Models in Business Systems
Design

7

7

7.5.

Validation and verification of legislation .................................... 179
7.5.1. Definitions of anomalies .............................................. 180
7.5.2. The approach .............................................................. 180
7.5.3. Experiences thus far ................................................... 181
7.6.
Implementation: assessment of retirement letters ..................... 181
7.7.
Embedding knowledge components in a process environment .. 183
7.8.
Further developments............................................................... 184
7.9.
Conclusions ............................................................................. 185
References............................................................................................ 186
8.
8.1.
8.2.
8.3.

8.4.
8.5.
8.6.

8.7.

Reflections.............................................................................. 188
Knowledge management hype or science? ............................... 188
The research design................................................................. 190
Mental models and performance............................................... 192
8.3.1. The relationship between mental models and
performance................................................................ 192
8.3.2. Further research on performance ................................ 193
The relationships between learning styles and mental models .. 194
The relationships social setting, mental models and performance196
Knowledge management in practice ......................................... 198
8.6.1. Knowledge oriented requirements analysis .................. 198
8.6.2. Knowledge oriented solution: the stock approach ........ 198
8.6.3. Combining stock and flow............................................ 199
Conclusions and suggestions for further research..................... 200

Samenvatting ....................................................................................... 204
Synopsis .............................................................................................. 208
Appendix 1A ........................................................................................ 211
Questions Utopia ................................................................................... 211
Appendix 1B .......................................................................................... 218
Questionnaire Utopia ............................................................................. 218
The statements: ....................................................................... 219
Results chapter 5 .................................................................................. 224
SIKS Dissertatiereeks.......................................................................... 228
1998
228
1999
229
2000
230
2001
232
Knowledge Management: The Role of Mental Models in Business Systems
Design

8

1.

8

Introduction

Abstract
Knowledge management is a rather young discipline, which began in the
nineties of the 20th century. Commercial interests have thus far led to an
enormous amount of books and congresses on the topic. Despite the
attention that has been paid to the phenomenon knowledge as it is created,
disseminated and used in organizations little real scientific work has been
done as yet. However, the phenomenon ‘knowledge’ has been around in
science for many centuries. Knowledge can be measured and different
methods have been developed to represent knowledge of both individuals
and their organizations. If we want the goals of knowledge management to
be achieved, optimization of the production factor knowledge, we must be
able to establish the relationship between knowledge and knowledge
productivity first.

1.1.

Knowledge management: hype or science?

Managers and (business) consultants during the last decade have shown
great interest in a phenomenon called ‘knowledge management’. This
phenomenon even took the form of a hype resulting in a great many
seminars, workshops, symposia and a fast growing number of books on this
subject. The central theme of this phenomenon is performance optimization
and especially optimizing this by controlling the asset ‘knowledge’.
Despite the still growing volume of books and articles on the subject
knowledge management literature contains tempting ideas rather than
testable scientific theories. If knowledge management is to become a
scientific discipline that should be taken seriously then the people working
in the field will have to get their hands dirty performing empirical research.
Knowledge management is a container concept and many disciplines
contribute to its development. The basis of knowledge management is the
recognition of knowledge as a determining production factor. Before the
term ‘knowledge management’ was invented research areas that have
something to say about the knowledge-related phenomena, such as
cognitive science and artificial intelligence, already existed. Many of the
insights that these disciplines have developed are still unknown (or may
even be ignored) by the knowledge management researchers.
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The production factor knowledge is strongly correlated with phenomena
such as group dynamics, individuals’ competencies, individual styles etc,
and, of course, performance. However, researchers in these fields focus
either on group dynamics or individual characteristics or performance but
the correlation between these phenomena remains underexposed. The idea
behind this thesis is that mental models could link these phenomena and
consequently bridge the gaps still left open in the knowledge management
debate. Mental models are representations in people’s heads that enable
them to make inferences and predictions, to understand phenomena, to
decide what action to take and to control its execution etc. (see paragraph
1.10.).
The central question of this thesis consequently is in how far mental models
can serve as the theoretical and practical basis that helps us to:
1. predict human knowledge-based performance;
2. select high potentials from other people.
3. design business systems that help us to increase the performance of
normal people.
This question furthermore should be examined empirically rather than
theoretically. When we want to develop knowledge management as a
science that delivers tools that are applicable in daily life, we had better
tested our theories in empirical settings first.
In this thesis I will present several empirical studies in which mental models
are the central focus points. I will show that the structures of individuals’
mental models are a determining factor behind knowledge-related
performance. I will furthermore show that knowledge-related performance is
driven by individuals’ characteristics (e.g. learning style) and organization
related variables (for the research design see Figure 1.1).
Since I want knowledge management literature to provide managers and
management consultants with practical instruments I will describe the
application of the results of the empirical studies mentioned before in the
two business cases.
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In my thesis I will use a research design as depicted in Figure 1.1.1.

Social
Setting

5.

5.
Learning
Styles

4.

Mental

3.

Performance

Models

Figure 1.1.1. Schematic overview of the research design. The numbers depicted at
the relationships in the scheme refer to the chapter in which the relationship is
described.

1.2.

The structure of this thesis

This thesis consists of three parts. Part I contains the results of three
empirical studies in which the role of mental models was examined.
The structure of Part I is as follows:
1.

2.

3.

4.

Chapter 2 contains a description of the assessment methods that will
be used in the studies described in the next chapters. In this chapter I
will explain the Pathfinder method and the teach-back protocols that
were used to make representations of mental models.
The relationships between mental models and performance will be
studied in an experimental setting. This study is described in chapter 3
and was published earlier in the ISMICK99 Proceedings (Versteegen et
al. 1999).
The relationship between mental models and learning styles was
studied in a rather unique empirical setting. We had the opportunity to
assess the learning style of 116 employees of a directorate of the
Dutch Tax and Customs Administration (DTCA) and were allowed to
assess the mental models of a sub-set of this group. This experiment is
described in Chapter 4. This study is also described in a master thesis
(Breman 2000).
We examine the social factors and their relationships to knowledge
productivity. This research was done during the VanWoodman seminar
on Knowledge Productivity held in June 2000. During this seminar 28
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people were divided into eight groups in a problem-solving situation.
This research is described in Chapter 5. This study was published in a
special issue on Human Resource Development (Van Engers et al.
2000).
Part II contains the description of two case studies in which mental models
form the anchor-point of a design process.
5. Chapter 6 contains the description of a business redesign process that
is facilitated by constructing a shared mental model. The results of this
process were published in ISMICK99 proceedings (Van Engers et al.
1999);
6. Chapter 7 contains the description on a research program POWER
(Program for an Ontology-Based Working Environment for modeling
and use of Regulations and Legislation). In this research program the
creation of shared mental models in the implementation processes of
(new) legislation is pivotal. This business case was published in the
DEXA 2000 Proceedings (Van Engers 2000) and in IEEE Intelligent
Systems (Van Engers and Glassée, 2001).
Part III contains the conclusions, reflection on the conclusions and
recommendations for further research (Chapter 8).

1.3.

An intuitive approach to the concept ‘knowledge’

In this thesis as in literature many times the concept ‘knowledge’ is used.
This concept however is far from clear in many publications and its
meaning depends on the background of the author. We could of course
discuss all definitions as used in e.g. epistemology or cognitive science
etc., but distinguishing data, information and knowledge (concepts that are
commonly interchanged) is not that productive in normal language usage.
Many authors distinguish data, information and knowledge (see e.g.
Weggeman 1997, Schreiber et al. 2000). Van Engers et al. (1995) use the
concepts as follows (see Figure 1.3.1):
•
Data are symbol representations;
•
Information is interpreted data (data associated with meaning);
•
Knowledge is the power to handle information (know-how, know-why,
know-where and know-when).
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Figure 1.3.1. The relationships between data, information, knowledge and result.

The definitions described before suggest that the concepts can be given a
clear and precise meaning. However, ‘the power to handle information’ is
not quite without (interpretation) problems. No one thus far, however, has
been able to solve this ‘problem’. In science the word ‘knowledge’ has
many meanings depending on the discipline of the researcher. The
meaning of the concept ‘knowledge’ has quite different meanings in the
field of ethnography from meaning in the field of cognitive science (and e.g.
cognitive psychology). The philosopher Bransen (1992) for example states
that “knowledge is an act”. In cognitive science the concept knowledge is
related to (long-term) memory, while anthropologists relate knowledge to
artifacts (comparable with Gibson’s notion ‘affordances’ i.e. the knowledge
that is apparent in the artifact).
With respect to the definition of the concept ‘knowledge’ we may add that
the judgement whether someone possesses the power to handle
information (and therefore possess knowledge) or not, is made by the
social context of the actor involved. It consequently becomes a social
concept, which corresponds to the epistemic definition 'justified true belief'
(Dancy 1985) in which 'justification' is socially determined.
ICT people (including artificial intelligence or knowledge engineers) often
are sloppy in using these concepts. We encounter terms such as
‘knowledge base’ (sometimes meaning a data-set containing documents,
sometimes a rule-set being part of a knowledge based system) and
‘knowledge dissemination’ (sometimes document retrieval, sometimes a
communication facility). Actually the list data, data management,
information, information management therefore can be expanded with
knowledge, knowledge management without presenting a clear
distinguishing criterion for the latter. The definitions presented at the
beginning of this paragraph have the clear advantage that the concept
knowledge and consequently knowledge management can be framed.
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Stock-theory adepts (see Section 1.4) consider knowledge to be a concept
that can exist outside human beings as a separate phenomenon. They
believe that information technology solutions, like digital libraries and
document sharing (as supported in GroupWare applications) are the
ultimate knowledge management tools. Stock-theory adepts do not
recognize the differences between knowledge, information and data as
described before.
Flow-theorists do distinguish information from knowledge. They consider
knowledge to be a psychological and social phenomenon and have a
business process orientation. From such a perspective information
exchange as well as co-operation is important. Flow theorists may adopt
some of the solutions stock theorists will propose but will stress the
importance of communication and co-operation. Their solutions will have
greater impact on organizational structures and culture since they are likely
to bring changes to the existing organization.
The reason that many people have difficulties in understanding the
difference between knowledge and information is probably caused by the
fact that information handled by an intelligent actor (i.e. someone capable
to possess knowledge) can become part of the actor’s internal world
representation. Someone may e.g. ‘know’ the phone number of a client or
just look it up. If we would ask what knowledge is needed to sell product X
either the phone number will be considered to be ‘knowledge’ or it will be
considered to be ‘information’, depending on the perspective of the person
interviewed.
Most people in their daily lives do not feel the need for clear definitions that
distinguish data, information and knowledge. Louis Armstrong is said to
have answered a journalists’ question asking him what jazz was, that it is
meaningless to answer the question ‘what is jazz’ since the person posing
the question proves that he would not understand the answer anyway.
Using the precise definitions in practical settings is very complicated. In
intuitive language usage the concepts data, information and knowledge
(and others e.g. skills) are mixed constantly. In the knowledge oriented task
analysis approach that we used in a business process redesign setting (see
Chapter 6) we therefore used the intuitive concept knowledge.
Besides different meanings of the concept knowledge several authors (e.g.
Nonaka 1991 and Weggeman 1997) distinguish explicit knowledge,
knowledge that can be spoken about, and so-called ‘tacit’ knowledge, also
called implicit, hidden or internalized knowledge. This difference is made to
have an argument against stock-theorists, for tacit knowledge cannot be
Knowledge Management: The Role of Mental Models in Business Systems
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stored in databases. The definitions of data, information and knowledge
given make distinguishing different types of knowledge for the sake of this
argument superfluous. The recognition of the phenomenon tacit knowledge,
however, is relevant for knowledge representation.
In this thesis I will use the intuitive concept knowledge. The fact that some
knowledge is tacit knowledge does not provide us with the argument that
we can not study it. Moreover if we can not make it explicit we can not
study it. In the studies presented in this thesis I will make use of explicit
knowledge representations. In this thesis I want to establish the impact that
knowledge of the stakeholders in design should have on the design of
business processes and (information) products, and especially the role of
the mental models of those stakeholders.

1.4.

Knowledge management; a container concept

Knowledge management became popular in the nineties of the 20th century
because managers began to realize that the value of their organizations
depended more on the knowledge in the organization than the value of their
traditional assets. Nonaka states that knowledge is the organizations’ only
competitive advantage (e.g. Nonaka 1991).
Knowledge is also important in non-commercial organizations, e.g.
governmental organizations like the DTCA. The restructuring operation of
the DTCA that was finalized in 1990 was dictated by the desire to create a
more client-oriented business operation amongst others. Better alignment
of the different taxes and the correspondent business processes was the
ensuing result.
The civil servants consequently had to broaden their knowledge (since
many laws and processes may be needed for client handling in the new
situation). Furthermore a complete, integrated and actualized picture of the
taxpayers’ situation was needed before the organizational change could
become effective.
The notion that knowledge is an important phenomenon may be shared by
many but this does not automatically imply that agreement exists as to how
to organize business, design business systems, plan and execute
organization and personnel development, etc. A basic question is whether
or not knowledge can be controlled and managed.
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Weggeman is prototypical for the authors that believe knowledge is
manageable ( see also Nonaka, 1991 and Wiig, 1993). Kessels (see e.g.
Kessels, 2000) is prototypical for the authors that do not believe that
knowledge is manageable (see also Van Aken, 1996(1), 1998). In
Management en Bestuur (nr 4, jaargang 2 juli 1998) Weggeman expressed
his strong belief that knowledge is a manageable phenomenon, while
Kessels claimed that the best an organization can do is to create a
stimulating environment.
Authors have different opinions about the controllability and manageability
of knowledge. Authors (e.g. Van Aken, 1998, Weggeman, 2000) that
believe that knowledge is not manageable strictly can not be considered to
be active in the field of knowledge management. However, representatives
of this ‘school’ still make statements about how organizations should
improve their knowledge productivity. Both Kessels and Van Aken believe
that people need space to become creative, trust in people and cooperation on voluntary basis are necessary while rules (and management in
general) limit knowledge productivity (Kessels 2000, Van Aken, 1998,
1996(2)).
I will use a rather broad definition of knowledge management:
Knowledge management is the set of measures that aim to improve an
organizations’ knowledge productivity.
The type of measures proposed in the literature depends partly on the
(scientific) background of the author. Knowledge management is therefore
a container concept, i.e. it contains many concepts and this rather confuses
discussions about how to approach knowledge management.
The measures proposed by authors like Weggeman and Kessels are based
upon explicit opinions on how organizations should improve knowledge
productivity and the role of management, but many authors in the
contributing sciences are not that explicit. The ‘schools’ represented in the
current knowledge management debate can roughly be classified as
follows:
1. Instrumentalists.
Instrumentalists believe that knowledge management is equal to
information and communication technology (ICT), i.e. they think all (or
most) knowledge productivity will increase provided the right ICT
solutions are implemented (see e.g. Borghoff and Pareshi 1988).
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Managerials.
Managerials believe that knowledge is different from information and
that knowledge only exists in people’s minds. Knowledge management
thus becomes people management, human resource management
(HRM), competence management, human talent management etc.. The
representatives of this school believe that knowledge can be managed
by controlling and managing the organizations’ human resources (see
e.g. Leget 1997).
Structuralists.
Structuralists believe that to improve knowledge productivity we need
to adapt the organizations (their structure, culture, management, etc.).
This school is dominant in business science. Structuralists believe that
knowledge can be controlled and managed. To improve knowledge
productivity organizations should design the right organization
structure, control channels, ICT, HRM-policy, etc. (see Weggeman
1997).
Liberals.
Liberals believe that knowledge exists only in the minds of people. The
adepts of this school believe that knowledge management as such is
impossible. Representatives of this school strongly reject the idea that
knowledge can be managed or even controlled since knowledge can
not be isolated from human behavior. They are consequently opposed
to many of the ideas of knowledge management adepts (especially the
stress on directives) and sometimes even the idea that organizations
need managers horrifies them. They share a belief that creativity is
especially worthy and instead of managing people in organizations
people should be given freedom and support in developing themselves
while management destructs creativity (see e.g. Kessels 2000).

The schools depicted above are extreme and many authors are not that
extreme in their opinions. The studies in this thesis aim at providing us with
some understanding of the mechanisms behind knowledge productivity.
The arguments between the different ‘schools’ presented before do not
contribute a lot to a better understanding while empirical research does. In
this thesis I will stick to the latter.
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Knowledge management and the role of ICT

The role that ICT is to play for knowledge management purposes depends
on the knowledge manager’s position. The role of ICT depends on the
preferred school. We can distinguish two different approaches; the ‘stock’
and the ‘flow’ approach (Weggeman, 1997, p39-p40).
Starting point of the stock approach is that knowledge can be objectively
transferred. Knowledge management aims at storing information in systems
(knowledge systems) and databases according to stock adepts. IT plays a
dominant role according to this idea. Typical representatives of this school
are Borghoff and Pareshi (1998). Stock approach adepts such as Borghoff
and Pareshi are typical instrumentalists. They tend to believe that ICT is
the panacea for all problems (Bill Gates should once have stated “sorry I
didn’t hear the question but Windows is the answer” to a journalist).
According to the flow approach knowledge is not an objectively transferable
asset since the actors involved in the transfer or dissemination process add
subjective value. The role of IT in that case is merely a facilitating role
amongst others (Weggeman 1997):
•
flat organization structure;
•
global function descriptions;
•
HRM strategy that stimulates a culture of synergy and cooperation.
Furthermore, according to the flow approach investments in information
exchange activities will be needed such as:
• periodical organization wide presentations about running projects;
• information markets;
• multi-disciplinary seminars;
• temporally detachment in other departments (with different lines of
business).
Flow approach adepts are typical structuralists. They consider
organizations to be controllable and manageable systems. Employees are
elements in those systems and can be managed as any other element, only
the instruments needed may differ.
Information and communication technology (ICT) is an important enabler for
organizational change processes (see e.g. Beer 1985). In the restructuring
processes of the DTCA ICT also plays an extremely important role. Many of
the change processes in the DTCA would not work without adequate ICT
support. Furthermore, changes with respect to the organization’s ICT
infrastructure in most cases have impact on the organization’s working
processes. The increasing importance of ICT as enabler for change is
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caused by the possibilities that ICT offers in reducing increased task
complexity (see e.g. 't Hart 1995). The ideas about client orientation as
described before give rise to a strongly external oriented business control
strategy and this causes an increasing task complexity. The reason behind
this is the shift of integration activities from the client organization towards
the producing organization. The consequent increased variety (see Beer
1985) cannot be controlled without adequate ICT services.
In this thesis I will show that stock and flow approaches can be combined.
In fact ICT can even help to pacify the contrast between these approaches.

1.6.

Knowledge management and organization typology

According to Weggeman (1997), Wiig (1993), Wikström et al. (1994) and
others the organization type influences the way knowledge is ‘handled’ and
what knowledge is important. The measurements that may improve
knowledge productivity therefore depend on the organization typology.
We can categorize organizations along the dimensions organization culture
and organization structure. Structure and culture are not independent
phenomena and should be considered together (Schein 1992).
Organizations, of course, have a reason for their existence. This reason is
the added value they provide in a certain environment. We can distinguish
organizations from the nature of their added value. Weggeman (1997)
distinguishes competence from product organizations:
1. Competence organizations put emphasis on offering (specialist)
services. Examples of this type of organization are CAP-Gemini,
KPMG, the DTCA’s Internal Accountants Department (IAB) and also
most of the internal IT-suppliers such as the DTCA’s Automation
Department (B/AC).
2. Product-organizations put emphasis on selling products. Examples of
such organizations are BAAN, Computer Associates, Cisco, Ford, etc.).
Sometimes an organization seems to be a combination of the two
organization types depicted. In many cases these organizations then offer
competence (consultancy) in extension to product delivery or they offer
competence with the intent to force a problem in a direction that the
organizations’ product line offers solutions to (in fact these are pre-sales
activities that are also exploited as independent commercial activity).
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The degree of knowledge intensity of the organizations’ processes can also
be used for categorization. This appears from the relative amount of
professionals in the organization in combination with the amount of routine
in the application of knowledge. Weggeman (1997) uses the categories
introduced by Kerr et al. (1977) to characterize professionals:
1.
2.
3.
4.
5.

6.

Knowledge: acquired by an extensive specialized education and
permanent study from experiences and skills applied.
Autonomy: the right to make choices about how and with what means
the profession is executed.
Motivation: a high motivation for executing the profession.
Identification: with the profession and the colleagues.
Moral norms: the professional feels a duty to supply services without
constantly considering costs and without emotional involvement with
the client.
Professional standards: enforcement of professional norms with
colleagues and assessment of other professionals behavior.

Furthermore Weggeman distinguishes improvising from routine
professionals (respectively indicated as I-professional en R-Professional).
Weggeman uses the following definitions:
definition: A R-professional is a professional who is able to apply more or
less routine skills, seldom at a high level.
definition: An I-professional is a professional who mainly based on
knowledge components such as information and attitude and with use of
creativity and improvisation talents continuously creates new knowledge.
Cameron and Quinn (1998) base their approach on the Competing Values
Framework developed by Cameron. According to this framework
organizations can put accents on flexibility and discretion versus stability
and control and furthermore organizations can have internal orientation and
integration versus external focus and differentiation.
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Schein (Schein, 1992) introduces a cultural typology to categorize
organizations:
1. Dominant orientation:
The measure in which an organization is self-directed or environmentoriented.
2. The nature of human activity:
Activity (behavior) is characterized as reactive, fatalistic, harmonizing
or proactive.
3. The nature of reality and truth:
The measure in which the organization approaches these concepts in a
moralistic or pragmatic way.
4. The nature of human nature:
The measure in which people tend to be good or bad and the measure
in which man can change.
5. The nature of human relationships:
Groupism versus individualistism, authorative/paternalistic versus
collegial/participative.
6. The nature of time:
The measure in which the organization is oriented towards the past,
the present or the future. The length of the units of time (short, medium
or long) also play a role.
7. Information and communication:
The measure in which the organization is interconnected by means of
ICT.
8. Subcultural uniformity versus diversity
9. Task versus relation orientation
10. Linear versus system field orientation:
The measure in which one believes that developments take place
logically and linear in time or merely occur parallel and asynchronous.
Schein states that these cultural dimensions determine if an organization
can become a ‘learning organization’ or not. The meaning of this concept is
more or less similar to an organization working on improving its knowledge
productivity.
The aspects described by Cameron, flexibility and orientation are
completely covered by Schein’s categorization while Schein presents a
broader (semantically richer) typology.
The importance of these aspects, as recognized by Schein for the
knowledge infrastructure of an organization, is supported by the
observations from studies in the DTCA (studies held in 1995 and 1996 after
a knowledge infrastructure for Target Group Adoption) and also in other
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knowledge management research in the DTCA (see e.g. Van Engers et al.
1995 and Van Engers and Steenhuis 1996). Quite a few of the then
observed execution problems are caused by differences in perception of
these variables.
In this thesis I will study the influence of some organizational aspects on
knowledge productivity, in particular: mono versus multi-disciplinairity, task
focus, shared conceptual modeling and organization culture (see chapter
5).

1.7.

Knowledge management as a managerial discipline

Knowledge management aims at improving the viability of organizations by
optimization of its most important assets. The word ‘management’ suggests
that the allocation, application and development of knowledge are
controllable (like traditional assets). If knowledge management is to
contribute to the organizations’ aims as a managerial discipline it must align
with regular management instruments. Only then the knowledge related
aspects would be weighed together with the other aspects (such as
financial aspects, legal possibilities, etc.). Reflection on the yield of
knowledge related measurements taken could then be covered by the
regular audit activities. This will make knowledge management a regular
managerial activity.
The interest from Human Resource Management (HRM) for knowledge
management can be explained from the fact that humans (the employees)
are the bearers of the knowledge. Allocation of people therefore has
immediate consequences for the availability of their knowledge to the
organization. The directives in knowledge management limit their attention
to just that one management aspect to improve knowledge productivity; the
human factor.
All schools in knowledge management aim at improving knowledge
productivity. However, the meaning of the concept ‘knowledge productivity’
needs some clarification. In fact we can explain knowledge productivity in
two ways:
1.
Knowledge productivity is the amount of knowledge produced by a
human being/ an organization.
2.
Knowledge productivity is merely another word for performance
(i.e. if the job needs no or negligible physical abilities).
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We can apply the second ‘definition’ to the first since one needs knowledge
to produce knowledge. At the same time most people learn (at least
something) during job performance (after all this is how people acquire
experience). Job performance implies knowledge productivity in the first
sense. The concept knowledge is perhaps even more problematic.
In this thesis I will use performance as a starting point for my empirical
studies.

1.8.

Knowledge management and knowledge engineering

Knowledge engineers have developed several methods and techniques to
analyze and represent knowledge. In the field of knowledge technology,
artificial intelligence (AI) or expert systems as it is sometimes called,
knowledge modeling and representation are central issues. In this field the
knowledge of interest is elicited from experts (sometimes via explicit
representations put in documents like process manuals, procedures etc.),
structured and formalized. This process in the AI community is called
knowledge modeling. This process exists of several steps that may vary
depending on the method applied. In most (but not all) cases an explicit
and formal knowledge model is produced that can be executed as a
computer program.
Scientists working in the AI field developed the CommonKads knowledgemodeling framework (Schreiber et al. 1998, 2000). The analysis method
that was used in the analysis of the IAB (see Chapter 5) was an adapted
version of the analysis method developed within the CommonKads
framework. This knowledge analysis method covers only a part of the
knowledge modeling process.
In this thesis I use the following definitions:
Definition:
Knowledge modeling is the process in which knowledge of
a group of knowledgeable agents is elicited and a well structured and a
(pseudo) formalized knowledge corpus is produced enhanced or modified.
In this definition a ‘group of knowledgeable agents’ is used. Quite often one
single 'knowledgeable agent' is not sufficient to acquire the necessary
knowledge. Therefore (and also for reasons of validation) usually a few are
consulted.
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Definition:
A 'knowledgeable agent' is an active object that by
showing adequate (as judged by its social environment) input-output
responses proves to possess knowledge that is relevant for the universe of
discourse.
This rather behavioral definition prevents us from the epistemic pitfall, and
moreover emphasizes that knowledge is a social concept (see e.g. Steels
1997).
The epistemic pitfall is caused by the classic knowledge definition 'justified
true belief'. The problem in that definition is the authority that justifies and
the criteria used. Furthermore the definition of knowledgeable agent allows
us to discriminate between knowledgeable and intelligent agents.
Definition:
An intelligent agent is an active object that is able to
acquire knowledge that it did not possess before, reflect upon its and other
agents’ behavior and reason about imaginary situations (i.e. to have
expectations and to be able to make explanations).
Intelligence becomes a power concordant to this definition; in other words
intelligence is a competency (an achievement in terms of human
behavior) 1.
1.8.1.

Knowledge modeling

In the AI literature several knowledge-modeling methods have been
described. Both the modeling process and the (knowledge based) system
development process that often follows the modeling process are
conducted in several stages (or phases). The methods therefore are
described in several steps corresponding to the phases recognized (see
Figure 1.8.1.1). In these steps specific products (mostly documents and
models) are produced. Furthermore methods commonly demand
techniques that can be used to make these products.

.........................
1 Fletcher (1997) distinguishes ‘competencies’ from ‘competences’. Competences
describe the expectations about the work achievements in terms of output.
Competencies describe achievements in terms of (human) behavior. (see chapter 6).
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Figure 1.8.1.1. Knowledge modeling.

Kensing and Munk-Madsen .(1993) describe a rather amorphous set
of tools and techniques that can be used for knowledge modeling
(see Table 1.8.1.2).
1.

Observations

14.

Entity relationship diagrams

2.

Interviewing users

15.

Wall graphs

3.

Self-registration

16.

Mapping

4.

Developers doing users' work

17.

Future workshop

5.

Video recording

18.

Metaphorical design

6.

Mock-ups

19.

Data flow diagrams

7.

Think-aloud experiments

20.

Language analysis

8.

Drawing rich pictures

21.

Card games

9.

Conceptual modeling

22.

Prototyping

10.

Culture analysis

23.

Visits to other installations

11.

Object-oriented analysis

24.

Literature study

12.

Object-oriented design

25.

Study standard software

13.

Event lists

26.

Forum theater

Table 1.8.1.2. Tools and techniques for knowledge development (Kensing and
Munk-Madsen 1993).

Their starting points are three perspectives: the actual work situation, the
technical options, and the new system (so we may conclude that their
objective is building a system). The techniques described by Kensing et al.
are rather heterogeneous. Some are representation techniques (e.g. data
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flow diagrams) while others are 'procedures' that can be used to explore
the universe of discourse (e.g. literature study).
Kensing and Munk-Madsen describe knowledge modeling from a design
perspective, i.e. their goal is to prescribe knowledge normatively. Their
basic issue is: what is the best knowledge for the new situation?
In this thesis the focus is not on what is the best knowledge but what
knowledge is actually used and how it correlates with knowledge
productivity (performance).
Before going into the details of the analysis method used in my research
the three aspects of knowledge modeling will be clarified:
1. Elicitation;
2. Structuring;
3. Formalization.
1.8.2.

Elicitation

Different perspectives on knowledge modeling exist and apparent conflicts
may spring from different perspectives (e.g. light shows particle behavior
and golf behavior at the same time dependent on the perspective chosen).
In this paragraph I will elaborate on certain knowledge modeling
perspectives.
Perception direct - indirect
Some methods approach expert knowledge directly by observing behavior
of the expert(s) during the execution of a knowledgeable task (e.g. in a
decision-making process). Not all circumstances allow direct perception
(e.g. a war-fighter in a combat situation). We then have to fall back on
perception of behavior in an artificial task-environment (e.g. a flight
simulator) but then arguments must be given that the perceived behavior is
similar to the behavior that we originally wanted to perceive (which causes
fundamental problems). Other forms of indirect perception are eyewitness
reports, literature etc. from which we deduct our own mental model of the
behavior of interest. An important and often forgotten indirect perception
approach is artifact analysis. By literally studying foot- and fingerprints we
can find out what documents are really important, what places are visited a
lot etc..
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Feedback from the expert(s) or not
Since knowledge itself is not directly accessible it is important that the
knowledge model under construction is presented to the expert(s) so that
the possibility to give feedback is offered. If feedback is desired strong
requirements are posed upon the properties of the representation. It then is
absolutely necessary that the experts know how to interpret the knowledge
model.
Behavior oriented or cognitive-model oriented
Elicitation methods can be divided into methods that are primarily focused
on the behavior shown by the expert and methods that are focused on
revealing the underlying cognitive model. The latter often starts with the
results of the first; by interpreting the results of behavioral studies a
representation of a mental model is designed and from that model (owned
by the researcher) experiments are designed to ‘prove’ the reconstruction
(of the mental model) was right. A hard problem is the validity of the posed
model. The number of conditions that influence the overt behavior can be
nearly infinite, so it is not easy to operationalize experiments in non-trivial
real life (e.g. work situations).
Tacit knowledge
A disputable approach is to let the expert express his or her mental model
in an offline interview setting, a method commonly applied by knowledge
engineers and psychologists. First of all some knowledge is what is called
tacit knowledge; the expert is able to perform a certain task without being
able to express the steps it takes to do it (I for instance am able to work
with the word-processor with which this text is produced, but can not state
all the functions of that program, not even the ones I have actually used).
Tacit knowledge is some times called muscle-memory, intuition or eye of
the expert. Secondly the expressed mental model often is far from complete
and in some cases internally inconsistent. Political and psychological
barriers also may prevent the expert from expressing a complete and
consistent (and perhaps true) mental model.
Hermeneutics
Hermeneutics delivers a solution for this problem although we can raise a
fundamental burden against that solution. According to the hermeneutic
approach (see eg. Van der Veer 1990 and Jordan 1996) the mental-model
is constructed by the model constructor by doing the task himself (herself)
and then introspectively determines what mental model underlies the task
behavior. The same method can be applied to verbal behavior. In that case
the constructor introspectively determines what mental model underlies the
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language behavior of the expert (why would (s)he express himself (herself)
in such a way ?).
Several fundamental objections can be made against hermeneutics.
The hermeneutic approach is based upon the projection of the mental
model of the model constructor on the mental model that forms the object
of examination. This projection is colored by the specific mental
dispositions such as the norms and values, previous experiences and the
knowledge already acquired. The hermeneutic approach presupposes that
the model constructor is able to understand (a relevant part of) both the
content and the motives of the experts cognitive system when the expert is
performing his knowledgeable behavior. Hermeneutics doesn’t hold the
claim that the model constructor is 'smarter than the expert' (since he
understands the experts cognitive model with respect to the universe of
discourse and is able to express his knowledge, which the expert could not
because he lacked the ability, or would not because of (business) political
or personal reasons). Hermeneutics merely offers an additional viewpoint
different from that of the expert. It must be remembered that the
hermeneutic approach is meant to help to express the knowledge used. Of
course it is possible to acquire knowledge necessary for the execution of
non-trivial or even complex tasks even if this demands tacit knowledge (as
is for instance the case in playing football or driving cars). However, unless
you wanted to be an expert yourself in the first place, hermeneutics does
not necessarily help to make tacit knowledge explicit. However, it is
possible that the structure and the dynamics of the mental model can be
detected.
The knowledge model produced using hermeneutics needs to be validated
by the expert. Here we must be aware that the expert may not want to
disappoint the model constructor and therefore only gives socially desirable
answers. Cultural differences between the constructor and the expert
(caused by origin, educational background etc.) may increase this problem.
Because the hermeneutic approach is based upon individual projection, it is
doubtful that the method is objective i.e. that different constructors
modeling the same behavior will come up with the same model (but both
dynamics and structure of mental models have been proven to be
conceptualized reliably: Van der Veer found inter-rater reliability
coefficients of the same level as psychological personality inventories (Van
der Veer 1990).
Hermeneutics surely isn't the panacea for all problems. In some cases no
other choice is left then to become a bit of an expert yourself and to model
the knowledge you've acquired the best you can introspectively.
Ethnographers work along the same course of action (see e.g. Jordan
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1996). After thoroughly checking and testing your model this approach may
deliver the best possible model. In such cases the hermeneutic approach
may offer the only help available.
1.8.3.

Structuring

The basic goal of knowledge modeling is to acquire a description of the
truth found (prototypical truth or abstract truth). Structuring the acquired
knowledge always happens in terms of the descriptive elements of the
'language' used to describe or communicate it. Therefore the
characteristics of the language and its elements put limits on the knowledge
that can be expressed (this is what characterization in Logic is all about).
Also the structure of the description itself contributes to the understanding
of the description (e.g. in a relational description the rows correspond with
object-identity and the columns with the features). Experts (also knowledge
modeling experts) often make use of graphics, pictures, maps and other
non-linear languages where syntax and semantics are not always clear. A
cultural dimension plays a role here too. As I observed fiscal experts make
little use of spatial analytical techniques such as the rather informal ones
such as cognitive mapping as applied in SODA (Eden, 1989 and Eden and
Simpson, 1989) or the Soft Systems Methodology (Checkland, 1989); their
use of white boards often is limited to drawing agenda's for meetings.
Computer scientists, however, are used to making intensive use of white
boards on which they draw rather rich pictures of both the world as they
perceive it and the systems they have in mind to solve the problems in it
(see e.g. Biggs 1999).
1.8.4.

Formalization

The 'language' used to express knowledge on the universe of discourse
can be formal or not. The measure in which the language is 'formal' is due
to the precision of the meta-objects (these meta-objects are the types of
the terms the language constitutes from) and the strictness of the
production rules (that allow the production of statements in the language
and therefore characterize the language). We can distinguish a strong
typology from a weak one, predicate logic, e.g. is strongly typed while
Entity Attribute Relation diagrams as modeled in so-called Bachman
diagrams are weakly typed.
But independent of whether the target language is formal or not mapping
the real world on the language comes first. This mapping can be the result
of a formal or pseudo formal procedure or be informal. The level of
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participation of the domain-experts differs from method to method. Some
methods called 'brown paper sessions' or 'meta-plan session' (a method
often applied in automated form in so-called group-systems, e.g. Ventana
group-system V) allow the experts to join the formalizing process. Of
course the level of participation depends on the modeling language as well.
Some knowledge representation languages demand highly skilled modelers
and it is hardly conceivable that domain experts could express themselves
in, e.g. predicate logic or make an object model accordingly (for a survey of
Object Oriented methods see Biggs 1999).
In this thesis I will use different methods and techniques from the
knowledge engineering toolbox. I will describe the application of both
analysis methods and representation techniques in the next chapters. In
chapter 6 I will show the application of a specific analysis and structuring
method (adapted form CommonKads). In chapter 7 I will elaborate on
knowledge formalization in more detail.

1.9.

The role of human behavior in knowledge management

Many factors can potentially determine knowledge productivity. However,
even under very similar conditions people may perform quite differently;
therefore individual characteristics are among the determining factors.
In literature popular with both managers and management consultants we
can distinguish different ‘theories’. Some of these theories are about human
and social behavior. Theories about social interaction as formulated by De
Bono or Belbin fit within these theories (e.g. De Bono 1985, Belbin 1993).
Some theories are about individual characteristics, such as the Big Five
personality characteristics and e.g. learning theories as formulated by
Sternberg (1997). There are also many theories about performance.
In management literature categorical approaches are popular. In these
approaches certain categories are distinguished that have different
consequences in terms of behavior. In many or even most cases these
theories are based upon a metaphor. Sternberg’s categorization e.g. is
based upon the metaphor ‘governance’.
Sternberg distinguishes ‘Legislative’ from ‘Executive’ and ‘Judicial’. People
that are characterized as legislative show creative behavior (they set the
rules), the executives follow the rules while the judicial like to evaluate the
rules. Sternberg also categorizes people from their goal structure:
‘Monarchic’ persons are single-minded (one goal at a time), ‘Hierarchic’
persons have a hierarchy of goals, ‘Oligarchic’ persons also have more
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than one goal in their minds but their goals are often competing while
‘Anarchic’ persons have a potpourri of goals in their minds that lack any
obvious priority. Sternberg furthermore recognizes the measure of detail
that persons take into consideration when solving problems (‘Global’ versus
‘Local’), the measure of social-orientation (or ‘Scope’ as Sternberg calls it
and that is categorized in ‘Internal’ versus ‘External’) and the leaning of
people (‘Liberal’ versus ‘Conservative’).
Of course there are many more categorical approaches to human behavior
and some show overlap. Driver et al. (1998), for instance, categorize
people by means of a two dimensional frame-work of which the first
dimension is determined by the amount of information people perceive is
needed to make a decision (‘minimizers’ versus ‘maximizers’). The second
dimension shows a clear overlap with Sternberg’s categorization and is
determined by the number of goals people have in their minds at a time
(one goal at a time versus many goals at a time).
The examples of theories depicted before show a need to correlate
individual characteristics to social interaction. However, a broad variety of
individual characteristics and associated psychological tests exists. Evers
et. al. (1992) compares dozens of such tests. In the Netherlands Hendriks
(1997) developed a test based on the mother of all personality test; the 'big
five'. The big five personality characteristics are expressed in:
1. Negative emotionality;
2. Openness;
3. Conscientiousness;
4. Agreeableness;
5. Extraversion.
But although the big five is well founded, frequently applied and shows
validity, it does not provide designers with directives or even advice on how
to design their systems. The categorical approaches depicted before seem
to be more pragmatic in the sense that they provide managers with
answers, but also do not provide us with sufficient explanatory power. This
lays a burden upon designers of information systems, organizations and
education or development programs, since understanding the mechanisms
that determine knowledge productivity is necessary if we want to improve
business design.
In this thesis I will study one specific individual characteristic that intuitively
relates to knowledge productivity i.e. learning style.
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Bridging the gap: the role of mental models in behavior

From the previous sections we may conclude the following:
1. Knowledge productivity is the key to competitive advantage (Nonaka
1991);
2. Individual characteristics seem to play an important role with respect to
knowledge productivity;
3. In the design of systems (both organizations and information systems)
we may have to take individual characteristics into consideration;
4. The current categorical approaches have insufficient explanation
power.
Of course individual characteristics are important with respect to
performance but besides their individual characteristics people need some
shared ideas, norms, values and goals for adequate task performance in
group settings. These ideas, norms, values and goals in the minds of
people is what cognitive scientists call a mental model.
There are many definitions of what a mental model is.
Johnson-Laird states: “It is now plausible to suppose that mental models
play a central and unifying role in representing objects, states of affairs,
sequences of events, the way the world is, and the social and psychological
actions of daily life. They enable individuals to make inferences and
predictions, to understand phenomena, to decide what action to take and to
control its execution, and above all to experience events by proxy; they
allow language to be used to create representations comparable to those
deriving from direct acquaintance with the world; and they relate words to
the world by way of conception and perception.” (Johnson-Laird, 1983,p.
397).
Rouse et al. state: “Mental models are the mechanisms whereby humans
are able to generate descriptions of system purpose and form, explanations
of system functioning and observed system states, and predictions of future
system states. It is important to emphasize that this definition does not
differentiate between knowledge that is simply retrieved and knowledge
that involves some type of calculation. Thus, mental models are not
necessarily computational models.” (Rouse and Morris, 1986,p. 351).
Norman (1983) defines a mental model as:’A mental model denotes the
knowledge structure that the user applies in planning his actions, guiding
the interaction with the system and the execution of the planned tasks,
evaluating the results and the expectations the user has about the results
and interpreting the systems action’. Norman also presents an even simpler
definition: ‘A mental model is an internal representation that people use
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when interacting with a system’. According to Norman mental models
evolve when people interact with the environment; it is the result of (an
often unconscious and) a natural process.
The central question of this thesis is in how far mental models can serve as
the theoretical and practical basis that helps us to:
1. Predict human knowledge-based performance.
2. Select high potentials from other people.
3. Design systems that help us to increase performance of normal people.
To be able to do this we need to understand (expert) behavior and
performance from mental models. Typical for these types of questions is
that we must:
1. Try to open the ‘mental black box’:
As shown by the previously described definitions, mental models are in
the minds of people. Since these models can’t be accessed directly we
need an intermediate representation that can be accessed and from
which we can understand the mental models that are represented.
Opening the black box therefore implies modeling.
2. Visualize mental models:
Modeling mental models implies a representation that we can access.
This representation therefore ‘visualizes’ ( i.e. makes visible) the
mental model.
3. Compare mental models:
The questions described before imply that we are able to distinguish
different mental models (e.g. mental models of novices from experts’
mental models). This is done typically by comparing mental models (by
comparing the representations of these mental models).
In this research we will use several methods and techniques to access and
make representations of mental models. To access the concepts and
relationships between concepts in the mental models we use Pathfinder
(Schwaneveld 1990) and teach-back protocols to acquire representations of
mental models (Van der Veer 1990).
Positioning the study of mental models in the knowledge management field
implies that the relationships between mental models and performance
have to be established. Since performance improvement is the central
theme in the knowledge management debate we also examine the
relationships between learning styles (according to Pask 1976) and mental
models. Pasks’ learning styles are especially interesting because the theory
of Pask specifically relates meta-cognition (especially information
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processing) to mental models (Pask and Scott 1972, Pask 1976 and Van
der Veer 1990).
In a previous paragraph I already mentioned the debate between the
‘managerial’ and the ‘knowledge productives’. We therefore include an
experiment to establish in how far the social setting, the group context i.e.,
influences performance.

1.11.

Global Research Design

Social
Setting

Performance
Learning
Mental
Styles
Models
Figure 1.11.1. Schematic overview of the research design.

Knowledge management has put the phenomenon ‘knowledge’ on the
agenda of managers. The observation that knowledge is an important asset
is important from a business science perspective. In knowledge
management literature different solutions are proposed to improve
knowledge productivity. However, almost no empirical evidence is provided
to show that the proposed measures really improve knowledge productivity.
Knowledge management aims at optimizing knowledge productivity, which
is a specific type of performance. With my research (for a schematic
overview see Figure 1.11.1) I hope to contribute to knowledge management
by highlightening relationships between some important knowledge
management concepts:
1. The relationships between mental models and performance:
People perform quite differently even under the same conditions. In this
thesis the relationships between individuals and their performance are
examined by studying the individuals’ mental models.
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The relationships between learning and mental models:
Both individual and organizational learning are important concepts in
knowledge management literature. In this thesis the relationships
between learning styles and mental models are examined. Insight in
this relationship may help us to design (information) systems that
improve knowledge productivity. Insight in these relationships is
needed furthermore to answer the question of whether or not we need
to adapt systems to the individuals’ learning styles.
The relationships between social setting and performance:
Many different design issues are presented in knowledge management
literature. (Re)designing business systems means that the social
setting in which people do their work changes. Within knowledge
management a debate is going on about the kind of social setting that
would be the most knowledge productive. In this thesis this claim is
examined in a complex decision-making situation. In this study we also
examine the relationships between the social setting parameters and
the individuals’ mental models.

The step from individual learning to organizational learning is often
mentioned in knowledge management literature but is still rather
unexposed. I will present a business case in which I will show how we use
a structured approach that enables organizational learning in a business
process redesign project. In this business case I will furthermore show how
we can incorporate knowledge management in ‘regular’ management.
In knowledge management two different approaches, stock and flow, are
presented. Although these approaches are different and therefore may lead
to very different designs a combination of these approaches is very well
possible if not desirable. I will present a business case that shows how a
knowledge codification (stock) approach can be combined with a process
alignment (flow) approach.
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Opening the mental black box

Abstract
Mental models denote the knowledge structure that people apply in
planning actions, guiding system interaction, the execution of the planned
tasks, evaluating the results and the expectations about the results and
interpreting the systems action. We want to establish if mental models can
be used as a basis for predicting performance, select high potentials from
other people and design systems that help us to increase the performance
of normal people. We therefore want to examine in how far we can explain
differences in performance from differences between individuals’ mental
models. Since mental models are in people’s heads we have to use
methods to get access to these mental models. In this chapter two methods
that are developed to open the ‘ mental black box’ are explained, the
Pathfinder method and teach-back protocols. These methods provide us
with representations of the mental models and allow us to compare
individuals’ mental models.

2.1.

Introduction

As described in Chapter 1 individual characteristics are important with
respect to performance but besides their individual characteristics people
need some shared ideas, norms, values and goals for adequate task
performance in a group setting. These ideas, norms, values and goals in
the minds of people are what cognitive scientists call a mental model.
As was stated in chapter 1 there are many definitions about what a mental
model is (some are given in section 1.11.).
An important topic in this thesis is the relationship between mental models
and performance. If certain mental models would correlate to better
performace than others (given a certain task) then it would be nice if we
could support people with non-optimal mental models to develop better
mental models. To be able to design supporting systems (including
education programs) we have to understand how this evolvement of mental
models (learning) works. Gordon Pask (1976) found a relationship between
learning styles and mental models at a structure level. It is evident that one
can only have a optimal mental model if this model at least shows structural
similarity with the ideal mental model. We can rephrase the search after the
ideal mental model in a more limited sense in the search after the ideal
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structure of the mental model. Combining this question with the results
found by Pask we may pose the question of which learning style is likely to
result in the best mental models (and consequently result in the best
performance) given a certain task. The research described in this thesis is
limited to the learning style categories created by Pask, although different
approaches (including non-structural ones) do exist.
In this chapter I will describe the Pathfinder and Teach-back protocol
methods. I will also describe the Pask learning styles. Application of these
methods is described in the next three chapters.

2.2.

Pathfinder

The Pathfinder method as described by Schwaneveld (Schwaneveld1990)
consists of several steps:
1. Elicit concepts and create a concept list;
2. Present the concept list to each person to be assessed in the form of a
pair-wise comparison test to establish concept relationships;
3. Create graphs that represents the concepts and relationships;
4. Calculate the characteristics of these graphs.
Steps 2 to 4 are supported by a software program called ‘PCKnot’.
Schwaneveld is, as Turns & Kirlik (1997) also observed, not very explicit
about the first step, the creation of a concept list. The origin of the concepts
is left particularly unclear. In the following paragraphs I will explain the
pathfinder steps in detail.
2.2.1.

Eliciting concepts

As already mentioned Schwaneveld gives no guidelines for the selection of
concepts. This is rather unsatisfactory since Schwaneveld claims that the
mental maps represented by the pathfinder algorithm represent concepts
and concept relations as they reside in the long-term memory of the
persons assessed.
It may be true that the concept relations shown from the graph reflect the
relationships in the persons long-term memory, but it would be nice if the
concepts themselves also reflect the domain we are interested in (i.e.
these concepts are the concepts from the assessed persons’ perspective
belong to the domain of interest). Fenker (1975), who uses a similar
method (INDSCAL), indicates that the assessed persons have to be
acquainted with the concepts to make the method useful.
Knowledge Management: The Role of Mental Models in Business Systems
Design

42

42

Of course, concepts can be prototypical or deviating for a category,
frequent or infrequent, specific or global, abstract or concrete and central to
a knowledge domain or in the periphery. Since the second step in the
Pathfinder method is pair-wise comparison we are limited to about 30
concepts (each concept is presented with all other concepts, so the
subjects has to make n(n-1)/2 similarity judgments, 30 concepts
consequently equals 435 possible combinations to be tested; this will
probably take more than 1 hour and 20 minutes to test if a person needs
ten seconds per question). In most situations the number of concepts is for
practical reasons limited to 15-20 concepts (so the questions take less than
1 hour). Goldsmith et al. (1991) states that 30 concepts are the optimal
size. If this size is maintained, valid predictions about (future) (learning)
behavior of the subjects can be made by Pathfinder results. With fewer
concepts, this predictability linearly decreases. Cooke and Schvaneveldt
use only 12 concepts, which they considered to be sufficient, while Turns
and Kirlik (1997) use 25 concepts. In my research we used 15 concepts
(see Chapter 4).
There are several ways to grasp the central concepts in a certain domain.
We could for instance ask an expert in a certain domain to express the
relevant concepts. This may have the disadvantage that we miss the
misconceptions that are typical for novices. Another approach is analyzing
documents or interview material in order to find those concepts that are
used in the domain of interest.
Since we are interested in the distinction between ‘good’ and ‘bad’ mental
models (in the sense that good leads to better performance) we need
concepts that allow us to establish the mental structure of the assessed
persons. Ausubel, cited by Fenker (1975), states that such ‘structure
consists of those unifying concepts and propositions in a given discipline
that have the widest explanatory power, inclusiveness, generalizability and
relatability to the subject matter content of the discipline’. It is clear that if
we limit the number of concepts too much the chance that we miss relevant
concepts becomes greater.
2.2.2. Presentation of the concepts and establishing the concept
relationships
The concepts established to be important for the domain of interest are
presented in the form of pair-wise comparison questions (see Figure
2.2.2.1). Subjects are asked to judge these concepts on a similarity scale
(mostly a 7-9 points Lickert scale).
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135 ratings left, press <spacebar>
Figure 2.2.2.1. Screen lay-out Pathfinder algorithm. The rating of two concepts

In PCKnot these similarities between concepts are stored in a proximity
matrix. From the proximity matrix, distances between concepts can be read.
PCKnot can also represent the relationships between concepts in a
graphical way. This graphical presentation is called a PFnet (this is a kind
of non-hierarchical semantic network). PCKnot computes the coordinates of
the concepts and the amount of links between concepts. The similarity
between concepts is translated into weights that are assigned to the links
between concepts.

2.2.3.

Measurement of mental representations by Pathfinder

The concept networks representing the knowledge structures or mental
models of the persons assessed can be analyzed (see Figure 2.2.3.1). To
be able to do this several measures are used. Some measures are used to
characterize a specific conceptual network like
1. Node centrality.
Node centrality is measured by dividing the amount of emanating links
of each node by the total amount of links of that network. This measure
indicates the importance of each concept in the network.
2. Internal coherence.
This measure indicates the relatedness of different parts of the concept
network.
Some measures are used in the comparison of different concept networks
or groups of concept networks.
3. Netsim.
Netsim is computed by counting the amount of common links. Netsim is
an indication for the overall similarity of networks.
4. Assigned weights of the links.
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The assignment of weights reveals characteristics of the relationships
between concepts. The weights are derived from the proximity matrix
data. This method allows detailed inspection in structural differences.

Figure 2.2.3.1. Example of a network derived by Pathfinder (PFnet).

To be able to compare groups of concept networks (e.g. the concept
networks from persons with a specific learning style with persons with
another learning style) PCKnot provides us with a function ‘ave’ that
calculates the average group concept network. Comparing two groups is
then comparing the two average group concept networks.
The paths in Pathfinder networks represent the amount of interconnection
or relatedness (in someone’s mind) of the concepts that are connected by
those paths. This relatedness depends on the semantic relationship
between the concepts; the semantics of a concept of course will vary from
person to person. The Pathfinder networks sometimes are used in
combination with e.g. clustering techniques (see e.g. Bajo 1998) to acquire
insight in the differences between individuals with respect to the semantic
relationships in their mental models.
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In the studies described in this thesis we are merely interested in mental
model similarity. For our purposes it is not necessary that the concepts that
are the basis for the Pathfinder networks are the most important ones in the
domain the subjects work in. Of course the concepts must have at least
some importance in the domain, else they could not mean anything for the
subjects. However, since we do not study a specific domain we focus on
the structural differences of the networks and neglect the meaning of the
concepts (or the concept relationships).

2.3.

Teach-back

One of the few disadvantages of Pathfinder is that the nature of the
relationships between the concepts is not explained. The nature of these
relationships can be examined by using the ‘Teach-back method’. The
Teach-back-method was also developed and validated by Pask (1976).
In Teach-back the subjects are asked to explain their knowledge about a
certain domain specialization to an imaginary reader (see Figure 2.3.1.).
This domain may be their own field of expertise but it may also be a field
the subject has no experience with if we are merely interested in the
subjects’ expectation (e.g. about a system that has yet to be designed).
Explaining to an imaginary reader allows the subjects to express their
knowledge (i.e. the concepts and concept relations) verbally (including
pictures, schemata, drawings etc.).
These expressions are typically analyzed by categorizing the subjects
based on the elements found in the answers that are provided. Van der
Veer (1990) and Kok (1997) show this use of the teach-back method. Kok
studying the domain ‘physics’ used categories like ‘procedure’, ‘internal
experiment’, ‘concept’, ‘formula’ and ‘theoretical explanation’.
1.

We want to know how you imagine your professional knowledge.
Explain therefore to an imaginary colleague of the tax department in Belgium,
what in your profession an audit (or similar research) is.
Use text, drawings or schemata for your answer.

Knowledge Management: The Role of Mental Models in Business Systems
Design

46

2.

46

We want to know how you imagine your professional knowledge.
Therefore imagine the following situation:
The minister of state has found a problem which seems to be caused by
department XY. There could be political consequences, and XY’s
cooperation is possibly questionable. You have two days to perform this
audit in department XY.
Explain to an imaginary colleague of the tax department in Belgium how you
would do this.
Use text, drawings or schemata for your answer.
Figure 2.3.1. Teach-back questions.

The teach-back technique was developed in the framework of
“Conversation Theory” (Pask and Scott 1972). According to Pask learning
is a conversation process between two systems (Pask 1976, Van der Veer
and Van de Wolde 1982), for example a student and a teacher or a novice
user and a computer system. The goal of the conversation is that the
learner reaches a certain level of understanding, in the sense that he or
she is able to reconstruct the presented subject-matter of tuition. According
to Pask this is done by creating a network of concepts in the learners’
minds, in which every concept, or cluster of concepts, can be reconstructed
from each other.
According to teach-back subjects are asked specific questions about the
knowledge domain the subject is familiar with (e.g. a computer system, or a
specific task in a certain task domain). The subjects are asked to describe
this in their own preferred mode of representation. When subjects are
instructed it must be very clear that they are completely free in writing down
their ideas, and that these ideas are never right or wrong.
The subjects are explicitly informed what the target reader of the
description will be. The target reader can either be someone who is also a
professional in the task domain, or someone who is also experienced but in
an analogous domain (e.g. a professional user of computer systems in
similar task domains).
The instructions in the teach-back method have a general structure (Van
der Veer, 1990). A few things must be clear to the subject when the
instructions are presented:
1. The task is a coherent task, that is decomposable into smaller subtasks. These sub-tasks do not have to be explicitly mentioned, as long
as both the task as a whole and the sub-tasks in relation to the task as
a whole are clear.
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The instructions should indicate that the subject’s representation is
fine. Their representation is never right or wrong.
The imaginary reader of the teach-back protocol has a frame of
reference. The reader is a person in the same situation as the subject.
He is e.g. someone likely to use the same computer system in the
future, or is working in the same task domain.
The goal of the teach-back method should be clear. Teach back
questions often start with making this goal clear: “We are interested in
what way you present the system yourself. For that reason we ask you
to answer the following question: …”

When using teach-back typically two types of questions are posed: ‘what’
and the ‘how’ (see Fig. 2.3).
With the ‘what is…’ instruction we want to get insight into the frame view as
described by Barsalou (1992). The resulting protocol shows static
knowledge, frequently of a generic nature or referring to a past experience.
For example: ‘Explain to an imaginary reader what Microsoft Outlook is.’.
With the ‘how to…’ instruction we want to get insight into the dynamic view
of the mental model. Now the protocol shows knowledge that is needed in
performing specific tasks, or solving problems in a task domain. For
example: ‘Explain to an imaginary reader how to send an email with
Microsoft Outlook.’.
2.3.1. Analysis of teach back protocols
Teach-back protocols are analyzed in a hermeneutic way, i.e. the protocols
are rated by a trained analyst. Van der Veer (1990) has shown that an
acceptable level of reliability can be reached.
The analyst scores the protocols using a list of scoring categories and
marks the appropriate scoring categories. One teach-back protocol can
thus belong to several scoring categories. This way the subjects’ mental
models are characterized.
The categories used for the analysis need to be reliable scoring categories.
Kok (1998) describes suitable scoring categories in the domain of physics.
Knowledge gained from interviews with experts and from literature or
hermeneutic study of the domain can indicate some scoring categories.
Since mental models and learning styles are the theme of this thesis
categories have to be related to learning styles.
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We used the following categories (the categories marked with * are based
on Kok):
1. Conceptual Framework (CF)
Protocols belong to this category if subjects describe relevant terms,
concepts and relationships between these concepts. This way the
concepts are explained and placed in perspective. The subject
describes his mental framework. The description may be a verbal or a
schematic expression. We consequently distinguish a verbal
conceptual framework from a schema conceptual framework.
An example:
“An audit is a test of the ‘IST-situation’ with respect to the ‘soll
situation’ with the help of norms in which criteria of quality are
embedded.”
This category corresponds to Kok’ s ‘theoretical explanation’. We
added the distinction between verbal and schematic representation
since we planned to analyze the relationships between these
categories and subjects’ score on a verbalizer-visualizer test (see Van
der Veer et al. 1978).
2. Concepts (C) *
Protocols belong to this category if subjects refer to a set of
terms/concept without explaining them. In contrast with the conceptual
framework, these concepts are not placed in perspective relative to
each other.
An example:
“An audit is a study with these points of interest:
•
scope of the study;
•
norms to be handled;
•
testing reality to these norms;
•
advice;
•
judgement.”
3. Procedures (P) *
Protocols belong to this category if subjects describe a stepwise
process. Any concepts that are used in the procedures are not scored
separately.
Some examples:
“First the goals are formulated. We then collect the data, after which …
Finally a report is …”.
“Stepwise procedure: 1- Engross in the nature of the problem. 2Meeting with the persons involved. 3- Analysis with the help of
interviews. 4- …”.
4. Example (E)
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Protocols belong to this category if subjects use examples to explain
(the execution of) a process. (The example is just scored for this
category even if other categories would be appropriate).
An example:
“Take a process, for example the tax return. The declaration is checked
… “.
This category corresponds to Kok’s category ‘ memory’. This category
is used for experiences from the past (literal references and analogy).
Analysis (A)
Protocols belong to this category if subjects give a descriptive
explanation of (the execution of) a process. Also side issues which
have no direct effect on the execution of the process can be in this
description. The explanation consists hardly of concepts, in contrast
with the conceptual frame work. Analysis can be given in sentences or
in schemata. Therefore we distinguish verbal analysis from schema
analysis.
An example of verbal analysis:
“This case sounds rather mysterious … since this case is politically
sensitive, I will do the investigation and make sure that the department
does not know the actual goal.”
This category corresponds to Kok’ s ‘internal experiment’. We added
the distinction between verbal an schematic representation since we
planned to analyze the relationships between these categories and
subjects’ score on a verbalizer-visualizer test.
Global situation overview of job/unit/department (G)
Protocols belong to this category if subjects, instead of giving a straight
answer to the question, explain the subjects’ position or the position of
their unit or department has with respect to the process. This way the
answer has a meta descriptive characteristic.
An example:
“Besides the previous mentioned activities, my task includes
assistance of the co-workers during their activities…“.
This category was added since Kok found this category during the
scoring process. This category expresses the awareness of the
subjects about their own role in the process and his relationships with
other processes and organization departments etc.
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Pask’s learning styles

Learning styles are a subset of a broader concept ‘cognitive styles’, a
psychological phenomenon of individual differences that are presumed to
be stable individual characteristics that influence behavior and learning
over a wide range of domains (see e.g. Van der Veer, 1989). According to
Pask as a result of a learning process a network of concepts in the
learners’ mind is created, in which every concept, or cluster of concepts,
can be reconstructed from each other.
Pask distinguishes different learning strategies.
The first learning strategy is called ‘holism’. The learner focuses on global
relationships between concepts and forms generalizing hypotheses.
Multiple subjects can be handled and multiple learning goals can be aimed
for.
The second strategy is called ‘serialism’. Here the learner focuses on
specific relationships between concepts. He or she can only handle one
subject at a time, and only one goal at a time can be aimed for.
In the third strategy, ‘redundant holism’, the subject tries to look for new
descriptive schemes in addition to the holistic strategy.
Since people are not likely to change the learning strategy, especially not
when learning homogeneous matter, Pask rather focuses on more stable
aspects, the so-called learning style. A learning style is defined as the way
in which a learner uses the analogies in the subject matter, which methods
he is able to use and the way he approaches the subject matter in general.
Where strategies are domain-dependent and may changed by instruction,
learning styles are general personal characteristics that can only be
influenced by long-term education.
Pask found that when students are learning new information there are three
distinctive learning styles (Scandura, 1979):
1. Comprehension learning
The subject uses a global approach, constructs a general picture, a
global view. He also tries to describe the connection between the
different sub-domains. This is a holistic approach. The comprehension
learner, also called globetrotter, learns by using analogous arguments
to get from one notion to another. For example: a beehive is like a city,
is like an anthill, is like a …, etc.
2. Operation learning
The subject uses a local approach, step by step, trying to elicit
procedural details. If possible, rules, methods and details are filtered
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from the case in order to create procedures. This is a serialistic
approach. The operation learner, also called improvidence, learns by
making a series of models and then renaming. For example: learning
various concepts in physics and never recognizing that they are
analogous.
Versatile learning
Both of the previous styles can be used independently. Therefore the
subject can have both a comprehension style and an operation style to
a certain degree. A third learning style can be defined if the subject has
the ability to use both comprehension and operation learning. He has
the freedom to choose the most appropriate one depending on the
situation.

To examine differences in learning strategies Pask developed a test called
the ‘Smugglers test’. In this test the subjects get a very vague goal to just
learn the material. They have to learn about a network of five people,
smugglers (or spies), who are located in two or three adjacent countries.
Over time, divided in a few distinct time sequences, the relationships
between the members of the network changes. The exact structure of the
network and the changes are irrelevant here. After the subjects have
learned the information, they are tested on their knowledge by asking them
a few questions. From the answers four scoring types can be deducted:
1. neutral score: the subject remembers facts about the network that are
irrelevant;
2. operation learning: the subject deducts the roles of the different
members in the network and he can reconstruct certain action
sequences;
3. comprehension learning: the subject remembers network details, the
differences between the different time periods and he can give a
general description of the whole situation;
4. versatility: the subject can extrapolate and predict the changes in the
next time sequence.
We used an adapted version of the Smugglers Test based on an already
made adaptation by Van der Veer and van der Wolde (1985) who translated
the test into Dutch and presented the information more realistically using
pictures and background information. In this version instead of ‘neutral
score’ they used a scoring type which they called ‘tendency to learn’. This
type describes the willingness of the subject to learn the information
presented. This is measured by scoring the ability to reproduce the
structures of the network in the different time sequences. It is not described
Knowledge Management: The Role of Mental Models in Business Systems
Design

52

52

as a skill but as the willingness to put time and effort into gaining ‘quite
useless’ information.
We thus scored subjects on three scales (see Figure 2.4.1):
1. Tendency to learn
2. Operation learning
3. Comprehension learning

Versatiles
Score on
Operation
Learning

Comprehension
Learning

the
Smuggler
- test

Figure 2.4.1.: Individuals are scored on operation and comprehension learning.
Versatiles combine these two learning styles.

In our version of the Smugglers test the test contains global questions and
questions about details, procedures and communication networks between
the smugglers (corresponding to comprehension and operation learning
style). Each correct answer counts for a score on one of the two learning
styles. There are 37 operation questions and 36 comprehension questions
(see Figures 2.4.2 and 2.4.3). The versatility score is the sum of the
comprehension and operation score. The test also scores the amount of
information that a subject spontaneously remembers; this is processed in
the ‘tendency to learn’ percentage. Along with the answers subjects are
asked in how far they are sure about an answer; according to Pask this is a
distinguishing method to recognize in how far someone effectively
understood the topic.
4.

Welke informatie gebruikte je voornamelijk bij je voorspelling voor de vierde
maand? Geef met een score van 1 tot 5 aan hoe sterk je van een bepaalde
informatiebron gebruik maakte, hoeveel waarde je er aan hechtte voor deze
voorspelling (5 betekent veel belang, terwijl 1 aangeeft dat je de informatiebron
totaal niet gebruikte”. (What information did you specifically use in
predicting the fourth month? Give a score from 1 to 5 indicating the
contribution to your prediction (5 means very important while 1 indicates
you did not use the information at all).
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c. Denken aan de “regels” waaraan de transacties gebonden zijn; de drugs ten
behoeve van de boeren, de opium die nodig is om morfine te kunnen maken, en de
morfine die nodig is voor vervaardiging van heroïne (Thinking about the ‘rules’
that transactions follow: drugs that serve the peasants, the opium that is
needed to produce morphine, the morphine that is needed to produce heroin).

1

2

3

4

5

Figure 2.4.2: Example of an operation question

5a. Iedere smokkelaar voert ooit direct transacties uit met elk van de andere
smokkelaars. (Every Smuggler is involved in a transaction with every of the other
smugglers a least once)
waar / onwaar

zekerheid:

1

2

3

4

5
(true/ not true)

(certainty)

Figure 2.4.3. Example of a comprehension question.

For every subject their score was calculated in relative percentages
compared to the distribution of the group (see Figure 2.4.4). This was done
for all three scales.
Subject Tenden- Tend.%
cy

Opera- Oper.% Compretion

Comp.

hension

%

Learning style

1

12

80%

19

63%

27

97%

Comprehension

2

6

49%

28

87%

18

48%

Operation

3

14

89%

14

45%

19

56%

Tendency

4

18

98%

27

86%

27

97%

Versatile

5

1

4%

29

90%

17

40%

Operation

6

2

10%

0

0%

5

0%

Low

7

11

78%

15

48%

23

80%

Comprehension

Figure 2.4.4. Example of learning style classifications.

Figure 2.4.4 shows a table containing an excerpt (7 out of 116) of the
results from the Smugglers test (see Chapter 4). In this table we find the
score for every subject in the three scoring scales and the relative
percentages compared to the distribution of the group, for each scale.
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To select the subjects with an outspoken learning style we first translated
the operation and comprehension scores on the Smuggler test to relative
scores (percentile scores). After that we identified five relevant sub-groups
the subjects according to the following criteria (others were in between
characteristics and not selected):
1. Comprehension learner
comprehension scale: ≥ 80 %,
operation scale: < 80 %,
tendency to learn: n.a.
2. Operation learner
comprehension scale: < 80 %
operation scale: ≥ 80 %,
tendency to learn: n.a.
3. Versatile learner:
comprehension scale: ∃ 80 %,
operation scale: ≥ 80 %,
tendency to learn: n.a.
4. Tendency to learn:
comprehension scale: < 80 %
operation scale: < 80 %,
tendency to learn: ≥ 80 %.
5. Low score
all the scales < 20 %.
I will study the relationships between structures of mental models (using
Pathfinder) and performance in chapter 3. The relationships between
Pask’s learning styles and the structure of mental models (using Pathfinder
and teach back protocols) will be examined in chapter 4.
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The match between mental models as a predictive
tool for knowledge productivity

Abstract
Knowledge management attempts to develop strategies for increasing
knowledge productivity. One aspect of knowledge productivity is
collaboration between ‘knowledge workers’. People use mental models to
interact with the environment. These mental models change with every
interaction followed by the construction of new mental models. Thus far,
however, mental models do not seem to play a substantial role in
knowledge management literature.
We examined relationships between individuals’ mental models and their
performance in a non-complex task. We used the Pathfinder algorithm to
visualize and compare these mental models. This study shows that the
similarity between mental models is an indicator for performance. Both in
our research as well as in other fields, evidence shows that cognitive
science (studying mental models) can contribute to a better understanding
of knowledge productivity.

3.1.

Introduction

The goal of knowledge management theories is to improve knowledge
productivity. Knowledge management resembles systems design in many
aspects (we may consider organizations to be a subclass of systems).
There are different strategies to improve knowledge productivity (see e.g.
Weggeman, 1997). The research focus of workers in the field of knowledge
management depends on their (scientific) background. Most researchers,
however, agree upon the importance of collaboration as a source of both
knowledge creation as well as knowledge sharing. In order to be able to
develop strategies for improving knowledge productivity one needs a better
understanding of collaboration and learning processes.
Cognitive scientists studying collaboration and learning may inspire
knowledge management researchers. Cognitive scientists study the humansystem interaction and the cognitive ergonomic researchers amongst them
study optimisation of systems. They have developed methods and
techniques to measure cognitive aspects in the work processes and have
developed strategies (mostly in the form of guidelines) for improving
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productivity. Cognitive ergonomic researchers study the improvement of the
usability of computer applications, an increasingly important branch. This
research field is called human computer interaction research. Several
useful usability evaluation methods have been developed such as the
heuristic evaluation method (Nielsen & Molich, 1990) and the cognitive
walk-through (Wharton et al. 1994). These methods make little or no use of
mental models that users create of the system they interact with. Mental
models are considered to be a driving force behind human behavior (see
e.g. Van der Veer 1990). These mental models develop by acquiring
knowledge and skills in interacting with an environment.
Figure 3.1.1. The relationship between design, learning style and performance. In
this chapter we study the relationships between learning styles and mental models.

In the study described in this chapter the relationships between mental
models and knowledge productivity are examined (see Figure 3.1.1.). More
specifically we examined the possibility of using representations of mental
models to predict performance (and consequently for system usability, a
term often used in human computer interaction (HCI) literature).

3.2.

Mental models and performance

Carroll and Olson (1988) define a mental model as being 'a representation
(in the head) of a physical system or software being run on a computer,
with some plausible cascade of causal associations connecting the input to
the output'. People use mental models to interact with the environment, and
in every interaction they improve and construct new mental models
(Norman, 1983); this is often an unconscious and natural process (Veer van
der, 1990). During the creation of a (computer) system, a designer uses,
i.e. externalizes and even implements his own mental model; this
externalized model we call a system-model.
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In knowledge management literature the phenomenon ‘tacit knowledge’ is
often mentioned (e.g. Nonaka 1991). This concept is used for all knowledge
that a subject possesses but is not able to make explicit.
The fact that some knowledge is ‘tacit’ should not mean it cannot be
studied however. Cognitive scientists consider tacit knowledge as a
challenge and try to understand the phenomenon.
We used ‘Pathfinder’ (see Chapter 2) to make an external representation
of mental models.
Making use of the Pathfinder algorithm we visualized and compared the
individual mental model of users with the system model. The procedure of
visualizing mental models will be explained in ‘Experimental design’.
We examined the match between the individual mental model of the user
and the system model as an indicator for knowledge productivity. An
experiment was carried out to test the validity of our assumption that the
match is an indicator for knowledge productivity (which in this specific case
equals system usability).
Performance or usability measurement often makes use of criteria such as
total steps taken in task execution, total solution time, reaction time and
affect (or user-satisfaction). Total steps and total solution time to execute a
task are used as measurements for usability in the GOMS model (Card et
al. 1986). Shneiderman (1992) has used the term ‘affect’ or usersatisfaction in a questionnaire to examine the satisfaction of a user towards
a computer system.
We intuitively expect that if a system (or working environment) meets
someone’s expectation his or her performance will be higher. We
consequently hypothesize that if the method used for visualizing and
comparing mental models is sensitive enough, then the match between the
individual mental model of the user and the system model is less in case of
a less-usable system than a well-usable system (high performance versus
low performance).

3.3.

The experimental design

We selected a relatively simple problem domain to examine our hypothesis
about the relationships between mental models and systems performance.
This domain is a collaborative (automated) system.
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A random selection of 41 employees of the Dutch Tax and Customs
Administration (DTCA) participated in the experiment. The only prerequisite
for selection of subjects was a basic understanding of Windows 3.11.
The system that served as problem domain is a groupware application, an
interpersonal agenda system with a simple menu-structure. We attempted
to acquire insight into the relationship between mental models and
performance and accordingly we used two systems. The original version is
used at several departments of the DTCA and was built according to
interaction guidelines while the manipulated version was not. The original
version of the groupware application was designed corresponding to the
usability guidelines and it seems to be an application with a high usability
level, and for those reasons it was called the ‘congruent version’. In the
manipulated version the location and logic of the (sub)-actions were made
less congruent with intuition. Therefore we may expect that the
performance of people working with this system will be less than people
working with the congruent version. We call this version the ‘incongruent
version’.
The 41 subjects were divided into two knowledge groups; 21 subjects with
prior knowledge of the used system and 20 without.
These two knowledge groups were each divided equally into two ‘program
groups’, resulting in four groups of ten (or 11) subjects each. One program
group had to work with an original version of a computer application
(congruent version) and the other with a manipulated version (incongruent
version) during the entire experiment.
The experimental design used is shown in Table 3.3.1.
The dependent variables are performance, split up into total steps needed
to execute the task and solution time, preference (i.e. affect measured by
asking the subjects what system they liked best expressed on a 10-point
scale from bad to very good) and the mental-model similarity. The mentalmodel similarity (MM similarity) is the match between the mental-model
from the individual subject with the system-model for the variant of the
system the individual user worked with (the congruent version or the
incongruent version).
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Version

61

Prior

Performance

knowledge

(steps & time)

Affect

MMsimilarity

with the
system (in
the original
version!)
Original version

Yes

(Congruent version)

None

Manipulated version

Yes

(Incongruent version)

None

Table 3.3.1: The experimental design.

No specific theory that we wanted to prove was used. The hypothesis we
tested is intuitive. We expect that users’ performance is better when using
the congruent version (in fact this concords with the claims of the Windows
guidelines). We also expect that the affect is higher with the congruent
version. The experimental design is problematic since we have no subjects
that already have some experience with the incongruent version (we only
have subjects with or without prior knowledge of the system in the original
i.e. congruent version). We may expect that prior knowledge with the
original version has a positive effect on performance compared to
inexperienced users. This experience (prior knowledge) is likely to inhibit
performance of the incongruent version
Our null hypotheses (that we expect to reject) are:
•
affect is not higher with prior knowledge;
•
performance is not higher with prior knowledge, and with a congruent
version;
•
MM-similarity is not higher with prior knowledge and with a congruent
version.
We have no hypothesis on the relationship between version and
performance but we will check this relationship because we want the two
versions of the system to be similar with respect to the number of steps
needed to execute a task.
We do not expect a main effect of prior knowledge on performance or on
MM-similarity. However, we do expect an interaction effect between version
and prior knowledge on MM-similarity. We also expect that prior knowledge
and version will show an interaction effect on total solution time (the
subjects with prior knowledge of the original system will need more time to
work with the incongruent version compared to subjects that have no prior
Knowledge Management: The Role of Mental Models in Business Systems
Design

62

62

knowledge with the original version). We do not have other hypotheses on
interaction effects.
The independent variables are version (congruent vs. incongruent) and
prior knowledge. The dependent variables are performance (split up into
total steps and total solution time), affect, and MM-similarity.

3.4.

Procedure details

We matched the representations of the users mental models with the
representations of the designers of both congruent and the incongruent
version (the system models).
A laptop was used, containing the two different versions of the groupware
application. Thanks to the usage of a portable computer it was much easier
to reach the participants. The experiment took place in the work
environment of the subjects. Only the researcher and one subject at the
time were present during the experiment.
Two system models, one derived from the original version and one from the
manipulated version, were created with PCKnot, a software tool for the
creation, display, and manipulation of Pathfinder knowledge networks socalled PFnets (Schvaneveldt, 1990). The Pathfinder procedure generates a
class of networks based on estimates or measurements of distances
between pairs of entities concepts.
The result of the Pathfinder procedure is a network, an undirected graph
(Fig. 3.4.1). Each entity in the set is represented as a node in the network,
and each link that is entered in the network has a weight value determined
by the distance between the two entities so linked (Schvaneveldt, 1990).
The nodes we used as input in the Pathfinder Algorithm are terms derived
from the menu-structure of the interpersonal agenda system.
In this experiment we used the Pathfinder Algorithm to visualize mental
models, as PFnets, and also to compare the system model with the
individual mental models of users.
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Figure 3.4.1.: Example of a Pathfinder network

Goldsmith and Davenport (1990) discuss two ways to measure the
similarity of two graphs (or two mental models):
1. Based on path lengths. If the distances between concepts are the
same in two graphs then the graphs are equal (Goldsmith and
Davenport, 1990).
2. Based on neighborhood similarities. If in one graph the same concepts
are linked as in the other graph, then the two graphs are equal
(Goldsmith and Davenport, 1990).
These two types of measurements may have different results. Research
indicates that for empirical derived networks the second option is the most
suitable (Goldsmith and Johnson, 1990; Gonzalvo et al. 1994).
We will measure the Mental Model similarity with the following formula:
|E A ∩ E B |
MM-similarity(A,B)=

=

Total corresponding links
Total number of links (A+B)

|E A ∪ E B |
E= total Edges (links) , A = Network A and, B= Network B

3.5.

The measurement procedure

The subjects rate on a 9-point scale the relatedness of concepts (nodes)
derived from the interface. In total 136 pairs were presented (see Figure
3.5.1.). On the basis of these ratings the network or mental model for each
subject can be computed. The mapping of the mental models is only one
part of the experiment. Before this part of the experiment the subjects have
to learn the program and have to perform several tasks with the
interpersonal agenda system.
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related

not related
Concept 1
Concept 2

135 ratings left, press <spacebar>

Figure 3.5.1.: Screen lay-out Pathfinder algorithm. The rating of two concepts.

To create a mental model, which is not necessarily a conscious process,
the subjects have to work with the agenda system. First there is time to
discover the program without a specific task. One group with 21 subjects
has to work with the original version of the application and the other group
of 20 subjects has to work with the manipulated version during the entire
experiment. Secondly, each subject performs a total of 5 tasks, everyone
performs the same tasks in the same order, with the interpersonal agenda
system and they can only make use of the mouse. The performance is
measured, split up in total steps (mouseclicks) and the total solution time
that is needed to execute the five tasks. After this part of the experiment
the participants have to assess the usability of the interpersonal agenda
system with a grade between 1 and 10.
The final phase of the experiment is the scaling of the relatedness of the
concepts derived from the interpersonal agenda system with the help of the
Pathfinder Algorithm.
The two designers who cooperated only have to participate in the last part
of the experiment, because they will have formed a mental model of the
interpersonal agenda system they designed. In fact their mental models
are the basis for the blueprint of the implemented system. The networks
from the designers are the two system models that we use to compare with
the individual mental models of the participants.

3.6.

Results

The characteristics of each group are summarized in Table 3.6.1. From this
table it can be seen how the result vary over the four groups.
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Version

65

Prior knowledge

Total Steps

Total

with the system

Solution

(in the original

time

Affect

MMsimilarity

version!)
Yes

Mean

46

135

7.6

0.29

n=11

SD

6.5

42.8

0.8

0.09

No

Mean

49

148

7.6

0.20

n=10

SD

10.6

43.6

1.1

0.05

Yes

Mean

51

177

5.7

0.17

n=10

SD

19.4

60.7

1.5

0.06

No

Mean

53

239

6.6

0.18

n=10

SD

15.2

81.7

0.9

0.07

Total

Mean

50

174

6.9

0.21

Population

SD

13.4

69.7

1.3

0.08

Congruent
version

Incongruent
version

Table 3.6.1: Mean Scores and Standard Deviations, four groups. The last row
illustrates the scores of the total population.

It should be noted that all subjects were able to complete the tasks. We did
not count their errors but the number of steps may include errors as well.
The next section describes the results of the ANOVA analyses and the
correlation analyses.

3.7.

ANOVA analysis

We applied ANOVA analyses with version and prior knowledge as
independent variables, and total steps, total solution time, affect, and MMsimilarity as dependent variables.
3.7.1.

Total steps

There was no main effect of version on total steps F(1,40)=1,26 p<.27 nor
an effect of prior knowledge of the agenda system on total steps
F(1,40)=,49 P<.49. No significant interaction effect of version and prior
knowledge on the total steps F(1,40)=0,01 p<.93. was found.
The data do not indicate a tendency contrary to our hypothesis.
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Total solution time

Two main effects were found after applying an ANOVA-analysis with the
total solution time as the dependent variable. The significant main effects
were version on total solution time F(1,40)=13,06 p<.001 and prior
knowledge on the total solution time F(1,40)=4,12 p<.05.
Subjects working with the congruent version needed less time to find a
solution than subjects that worked with the incongruent one.
Subjects with prior knowledge needed less solution time than subjects that
had no prior knowledge.
No significant interaction effect was found between these variables
F(1,40)=1,78 p<.19. This combination is surprising since we expected to
find an inhibiting effect of prior knowledge on solution time for subjects
working with the incongruent version, but this inhibiting effect seems to be
overruled by the overall level of experience with this kind of system (for
subjects with prior knowledge).
3.7.3.

Affect

We performed the same ANOVA analysis with affect as a dependent
variable. The results indicated that there was a main-effect of version
F(1,40)=17,23 p<.000 (the congruent version was more appreciated), and
that there was no main effect of prior knowledge F(1,40)=1,37 p<.25. The
interaction-effect was not significant F(1,40)=2,01 p<.16. From this we may
conclude that affect is not due to previous experience with the system but
due to congruence with the system model.
3.7.4.

Mental model similarity

The ANOVA analysis indicated that there was a main effect of version on
the ‘MM-similarity’ F(1,40)=10,97 p<.002 and that there was no main effect
of prior knowledge on MM-similarity F(1,40)=3,58 p<.07.
The subjects that worked with the congruent version ended up with more
similar mental models but this effect seems to be due only to the
interaction-effect of version and prior knowledge on the MM-similarity.
We found a significant interaction effect of Version and Prior knowledge on
the MM-similarity F(1,40)=5,45 p<.03. The MM-similarity is high for the prior
knowledge group that worked with the congruent version and low for the
other groups (see Figure 3.7.4.1.). This effect is in concordance with our
hypothesis.
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MM-similarity
high

prior knowledge

no prior knowledge
low
Congruent version

Non-congruent version

Figure 3.7.4.1: The interaction effect of prior knowledge with the congruent version
and version on MM-similarity.

3.8.

Correlation analysis

The primary focus of the correlation analysis was to discover the
relationship between the known criteria for usability (total steps, total
solution time and affect) and the new measure for usability; MM-similarity.
Table 3 summarizes the findings of the correlation analysis.
Table 3 shows that there were two significant correlations found. There was
a significant correlation between the total solution time and the total steps
(,53 p<.00): the less steps taken the lower the solution time. This relation
seems rather trivial and we will not comment on it. The second significant
correlation was found between the total solution time and the MM-similarity
(-,33 p<.02): the higher the match between the mental model of the user
and the system model the lower the total solution time in seconds.
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Pearson correlation

Total Steps

Total Solution

Affect

MM-similarity

Time
Total Steps

-

Total Solution Time

.531**

-

Affect

.020

-.252

-

MM-similarity

-.172

-.335*

.241

-

* Correlation is significant at the 0.05 level (1-tailed)
** Correlation is significant at the 0.01 level (1-tailed)
Table 3.8.1: Correlations between the dependent variables, n-41.

3.9.

Interpretation and conclusions

ANOVA analyses showed that the subjects with the congruent version were
significantly faster with respect to solution time, had a higher preference
and showed a better match of their mental model with the system model
than the subjects with the incongruent version. We also found that there
was an interaction effect of version and experience on MM-similarity.
Inspection of the data in Table 3.6.1. shows that this interaction is caused
by the combined effect of the congruent version and prior knowledge of the
system: when users know the system and the design is consistent with their
expectations (in this case, with the Windows conventions) then their mental
model will show a higher match with the design model of the system.
A correlation analysis made clear that there was a significant correlation
between solution time and MM-similarity.
These results indicate that the new method we used for indicating
knowledge productivity, the method of matching mental-models, is sensitive
enough to predict differences in performance (in this case usability)
between a computer program with a high usability level (the original
version) and a lower usability level (the manipulated version).
Mental models of systems are valid indications of knowledge productivity
(and systems usability). The more the individual mental model of the user
and the system model differ, the less usable the system will be and
consequently performance will decrease.
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We know from cognitive psychology that mental models are a basic
resource for human behavior with complex systems, with much more
fundamental meaning for understanding the mechanism of usability than
behavioral symptoms, such as error rate or speed of performance. If our
goal is to improve usability we should start with the basics. We should
reconsider what insight is needed for design, and what the message is for
the designer.
We may expect that systems will become better if designers get the
opportunity to understand the character and structure of the mental models
of the (future) users of their system, or if a situation is created that allows
both designers as well as users to develop a similar mental model.
Although we studied a (relatively) simple system, we expect that our results
will hold in more complex systems too.
Matching mental models proved to be a good instrument for predicting
usability and, consequently, performance.
In certain aspects the experiment described in this chapter reflects a basic
idea behind knowledge management, namely that knowledge -sharing
helps increase knowledge productivity. If knowledge sharing leads to
greater MM-similarity, which conforms to our intuition, then we may indeed
expect knowledge productivity to increase. I will elaborate on this idea in
Chapter 5.
I conclude this chapter by stating that if experts (or high performers) have
quite different mental models than other people we must brainwash (or
educate) people to increase their performance. Whether or not this is
ethical remains to be seen.
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Mental Models and Learning Styles

Abstract
Mental models play an important role with respect to the performance of
individuals. The development of mental models that automatically happens
when people interact with their environment is what is also called ‘learning’.
Gordon Pask has found three learning styles that determine the structure of
mental models. Learnability is an important aspect of systems design.
When we design systems that optimize performance we may have to take
learning styles into account. In an empirical study we established the
learning styles of 116 subjects all working in the same organization. We
examined the relationships between learning styles and differences in
different individual characteristics such as education level, job experience,
sex etc. We established the mental models of a subset of the original 116
subjects and examined in how far differences in learning styles correspond
to differences in individuals’ mental models. We found that individuals with
a combination of operation and comprehension learning have quite different
mental models than individuals that only have one learning style.
Differences in learning style not only cause differences in mental models
but these differences increase over time. From this we may conclude that
differences in performance will increase during an individuals’ learning
process.

4.1.

Introduction

In the previous chapter it was shown that mental models have a significant
influence on performance (knowledge productivity). Some mental models
prove better than others. Furthermore it was proven that mental model
similarity correlates with high performance.
As stated before, Norman (1983) pointed out that mental models evolve
when people interact with the environment as a result of an unconscious
and natural process. From a knowledge management perspective we may
raise questions such as how we could help people to develop better mental
models. However, people perform quite differently even under the same
circumstances. Possibly individuals’ characteristics will facilitate or inhibit
the development of adequate mental models. The development of
someone’s mental model is what is normally called learning. Pask (1976b)
has pointed out that people may have quite different learning styles. We are
interested in how these learning styles influence the structure and the
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content of people’s mental models. If we could understand these
mechanisms not only could we make predictions about (future)
performance but also adapt the systems we design to the user’s learning
styles.
Figure 4.1. The relationship between design, learning style and performance. In this
chapter we study the relationships between learning styles and mental models.

Figure 4.1 illustrates how learning styles might influence job performance.
When we design systems (including organizations, information systems
etc.) we have to take into account the learnability of these systems. The
learnability of systems becomes even more important if we accept the
starting points of knowledge management. The current labor market (where
it is difficult to hire people with the proper skills) also gives an impulse to
the increased interest in learning in the work environment.
Considerable research has been done on how teaching can be adapted to
learning style influences (e.g. Shute, 1993). However, little is known about
how learning styles influence job performance. This is partly due to the fact
that most learning style research is executed in the classroom. Little is
known about the influence of learning styles on job performance, both in
new jobs as well as in jobs that people have practiced for years.
Performance is, of course, a very important aspect that we have to take into
consideration when we design systems. Cognitive science can contribute to
systems design by pointing out the requirements of the ideal learning
environment and its’ relationships with individuals’ characteristic, the
character of the material to be and the way it is presented to learners.

4.2.

Learning styles

Education scientists agree that people learn in different ways and many
learning styles have been ‘discovered’. The recognition of different styles
depends on the scientist’s perspective. Many perspectives on learning
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exist. Keefe e.g. states that “Learning styles have been defined as
physiological, cognitive and affective behaviors that serve as relatively
stable indicators of how learners perceive, interact with, and respond to
learning environments” (Keefe in Horton and Oakland 1997).
From this statement it can be seen that different behavioral aspects can be
covered by different learning theories.
The Dunn and Dunn Learning Styles Model is based upon five different
influencing factors (Dunn 1995):
1. Environmental factors
2. Emotional factors
3. Social factors
4. Physical factors
5. Psychological factors
The different factors in the Dunn and Dunn model are not independent
since as can be seen from the field-dependency model (see Witkin et
al.1977) the factors are strongly causal interconnected. If one factor is
known, other behaviors can be induced.
In most cases scientist focus on a limited number of behavioral aspects.
Witkin et al. studied the relationships between individuals’ perception and
problem solving (Witkin et al.1977). Witkin et al. discovered an individual
personality trait (field-dependency versus field-independency) that
correlates with social behavior (social or impersonal orientation).
Another frequently used learning styles model is the Myers-Briggs Type
Indicator (MBTI) inspired by the theory of Jung (Horton and Oakland 1997,
Tan and Lo 1991, Jennings et al. 1991). In the Myers-Briggs Type Indicator
the mix of personality characteristics such as extra- or introversion, intuition
and feeling, with cognitive characteristics such as thinking and judging,
results in four temperaments that describe someone’s temperament-based
learning style.
One of the central questions in this thesis is in how far the work
environment and supporting systems have to be adapted to user
characteristics. One aspect of user characteristics is the learning style .
Organizational and individual learning are central issues in the knowledge
management debate. Furthermore, it is reasonable to assume that
knowledge acquisition continues during job practice, although the basic
knowledge will be acquired in the early years of the job. Specialization in a
domain of expertise requires processing new information and learning
capabilities.
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As was stated in the introduction chapter the dynamics in organizations’
environment and its’ impact on the organizations’ processes is an important
impulse to knowledge management. In our current society the content or
goals of jobs will change from time to time and consequently employees
have to acquire new skills and/or knowledge.
In the studies described in Chapters 3 and 5 the relationships between
mental models and performance respectively between social factors,
mental models and performance are examined. In the study described in
this chapter we focus on the relationships between learning and mental
models. A combination of these studies may give an answer to questions
such as:
•
“To what extent are learning styles a determining factor for
performance?”
•
“To what extent do learning styles determine knowledge acquisition
and performance in the long term?”
In learning styles theories such as MBTI and Dunn and Dunn both cognitive
factors and personality traits are taken into consideration. For our purposes
these theories are too complex to apply in an empirical study. Pask (1976b)
developed a learning styles theory that fits our purposes. His learning
styles theory can bridge mental models to information processing behavior
(and consequently be used to direct design). The Pask learning styles
theory is described in Chapter 2.

4.3.

Research questions

In learning three stages are usually distinguished:
1. Novice
2. Intermediate
3. Expert
Several differences have been discovered between novices, intermediates
and experts (Boshuizen, 1989; Ericsson and Smith 1991; Hamel et al.,
1999; Schneider and Weinert 1990; Vosniadou and Ortony 1989). Some of
the differences between novices and experts are that experts elaborate
more on problems, are better in planning solution strategies and detecting
constraints that reduce the problem space, whereas novices tend to work
on small sub-problems, loosing sight of other components. Experts are
better at judging their problem solving process. They tend to evaluate
solution paths and monitor success or failure as they go along. Novices
often become fixated on particular solution attempts. Experts remember
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information in terms of meaningful clusters, whereas novices, lacking the
requisite knowledge in long-term memory, do not.
The question is how the experience level reflects in individuals’ mental
models and in how far this is influenced by the individuals’ learning style.
Job experience and learning style are the independent variables in this
study.
Pask (1976b) distinguishes two learning styles (see Chapter 2). The
comprehension learning style facilitates ‘description building’. With the
operation learning style one can employ ‘procedure building’. Pask claims
that people can only learn a topic thoroughly if they possess both learning
styles (versatiles). This implicates that people with only one learning style
will never be able to become real experts. Missing one learning style
means, according to Pask, that one is not able to build adequate
descriptions or procedures. Boshuizen claims that the more expertise
people acquire, the more their knowledge will resemble, i.e. will cover the
same area (Boshuizen, 1989). Schvaneveldt (1990), who used the tool
Pathfinder to visualize the knowledge structures, has confirmed the
resemblance of expert knowledge (mental model similarity).
In this study we want to establish if the Pathfinder method (see Chapter 2)
is sensitive enough to distinguish versatiles from operation or
comprehension learners and how these differences reflect in mental
models. Furthermore, we want to establish the time-related impact of
learning styles on knowledge structures (i.e. does the impact of a certain
learning style decrease after a certain amount of job experience; in other
words can performance differences be overcome by time).
To answer these questions we formulated the following hypotheses:
Hypothesis 1: Differences in learning styles cause differences in
knowledge structures.
This hypothesis is in agreement with Pask’s work. If Pask is right and the
methods we use are sensitive enough we will be able to confirm this
hypothesis.
Hypothesis 2: The differences in knowledge structures caused by
differences in learning styles are persistent.
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This hypothesis implies that even after a certain period of job performance
the differences between an individuals knowledge structures caused by
differences in learning style will be noticeable.

4.4.

Operationalization

To test the hypotheses 116 employees of the Dutch Customs and Tax
Administrations’ Internal Audit Department (IAB) were subjected to the
Pask Smuggler test to establish their learning styles. The test was
presented at a working conference on a restructuring program conducted at
the IAB held in May 1999 (see Chapter 6).
To establish the subjects’ mental models of the auditing processes we used
both Pathfinder and the teach-back protocols (see Chapter 2). Since
making the Pathfinder representations and having teach-back sessions are
very time consuming we selected a sub-set consisting of 31 of the 116
original subjects. The subjects were selected on their learning styles and
their tendency to learn.
The Smuggler test was presented to the group of 116 subjects and all tests
were held simultaneously. The subjects were given twenty minutes to read
the dossier that contained the information about the smugglers. The
subjects were asked to memorize the data. After reading the dossiers the
subjects were asked to fill out a questionnaire from which the learning style
could be established. The questionnaire consists of global questions and
questions about details, procedures and communication networks between
the smugglers. Each answer counts for a score on one or two learning
styles. There are 37 operation questions and 36 comprehension questions
(see Figure 4.4.1 and 4.4.2.). The versatility score is the sum of the
comprehension and operation score. The test also scores the amount of
information that a subject spontaneously remembers; this is processed in
the ‘tendency to learn’ percentage. Along with the answers subjects are
asked how certain they are about their answers; according to Pask this is a
distinguishing method to recognize in how well someone effectively
understood the topic.
According to Pask operation learners focus on local relationships while
comprehension learners focus on global relationships.
3. Which information did you use mostly for your prediction of the fourth
month? Indicate with a score between 1 and 5 how you used certain sources of
information, and how important you consider this source of information for
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this prediction (5 means great importance, while 1 indicates a the non-use of a
source of information).
c. Thinking of the ‘restriction rules’ of the transactions; the drugs for the
farmers, the opium that is needed to produce morphine, and the morphine that
is needed to produce heroin.
1

2

3

4

5

Figure 4.4.1. Example of an operation question.

5a. Each smuggler will once execute transactions with each of the other
smugglers.
true / false
1

certainty:
2

3

4

5

Figure 4.4.2. Example of a comprehension question.

4.4.1.

Pathfinder

In Chapter 2 the Pathfinder algorithm was explained. We will use Pathfinder
to see in how far the learning styles reflect in the networks derived by
Pathfinder. Pathfinder seemed a suitable method to establish the effects of
learning styles on mental models because the Pathfinder-algorithm is
concept-based, as is Pask’s learning theory. The Pathfinder-algorithm
converts distance data into a semantic network (see Figure 4.4.1.1.). The
Pathfinder metrics are explained in Chapter 2.
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Figure 4.4.1.1.:Example of a Pathfinder network (PFnet).

4.4.2.

The Pathfinder concept set

In Chapter 2 we discussed the optimal size of the concept set. In this study
we used 15 concepts because the time available to fill in the forms was
limited.
Another important aspect is the selection of the concepts. We interviewed a
dozen subjects from the Internal Audit Department (see Chapter 6) and
selected the 15 most frequently used audit-related terms from those
interviews. The concept set used in the Pathfinder algorithm is presented in
Table 4.4.2.1.
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Accountantscontrole-

Intake (node 6)

Doelgroepdirectie (node 11)

Vaco (node 2)

Controleleider (node 7)

Evidence (node 12)

Planning (node 3)

Middelkennis (node 8)

Managementletter (node 13)

Risico (node 4)

Dossier (node 9)

Controle (node 14)

Pilot (node 5)

Eenheid (node 10)

Informatieuitwisseling (node 15)

programma (node 1)

Table 4.4.2.1. The audit concepts used in the Pathfinder algorithm.

4.4.3.

Teach-back

In the teach-back experiment subjects are asked to describe their
professional knowledge by answering two questions (see Figure 4.4.3.1
and 4.4.3.2.).
The first question is developed as a general question about their
professional domain. The question invites the subject to explore their longterm memory. The second one invites subjects to use problem-solving
strategies and make instantiations in working memory.
1.

We want to know how you imagine your professional knowledge.

Explain therefore to an imaginary colleague of the Tax Department in
Belgium, what in your profession an audit (or similar research) is.
Use text, drawings or schemata for your answer.
Figure 4.4.3.1. The first Teach-back question
2.

We want to know how you imagine your professional knowledge.

Therefore imagine the following situation:
The Minister of State has found a problem that seems to be caused by
Department XY. There could be political consequences, and XY’s
corporation is possibly questionable. You have two days to perform a
research at department XY.
Explain to an imaginary colleague of the Tax Department in Belgium how
you would do this.
Use text, drawings or schemata for your answer.
Figure 4.4.3.2. The second Teach-back question.
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The teach-back protocol is described extensively in Chapter 2.

4.5.

Description of the data

In our data set we have 116 subjects. Every subject in the set is
represented with the following attributes or variables:
1. Tendency to learn;
2. Operation learning score (minimum 0 maximum 37);
3. Comprehension learning score (minimum 0 maximum 36);
4. Age;
5. Sex;
6. Education level (described on an ordinal scale from low to high);
7. Sector (described on a nominal scale, corresponds to the
departments);
8. Job experience (in years).
Tables 4.5.1. to 4.5.4 show some characteristics of the data.
N

Minimum Maximum Mean Std. Deviation

Tendency to learn

116

0

18

6,62

4,48

Operation learning

116

0

37 15,23

8,9

Comprehension

116

5

33 17,96

4,6

116

24

61 38,79

8,29

89

0

learning
Age
Job experience

14

5,81

4

Table 4.5.1. Descriptive statistics of the initial data set. We did not have the job
experience data for all subjects (N = 89).
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sector
FA

TENDENCY OPERAT COMPRE
Mean

6,19

14,38

58

58

58

3,99

9,08

4,91

6,9

15,1

17,9

10

10

10

sd

4,75

8,63

6,54

Mean

18,48

N
sd
OA

Mean
N

EDP

8,28

16,03

N

29

29

29

sd

5,4

9,45

3,92
17,75

SERB Mean

BB

5,08

16,83

N

12

12

12

sd

3,8

8

3,52

7,33

21,67

19

3

3

3

sd

5,51

6,66

5,57

Mean

4,25

12,5

17

4

4

4

sd

2,63

8,1

3,16

Mean

Mean
N

DIR

N
Total

17,76

6,62

15,23

17,96

N

116

116

116

sd

4,48

8,9

4,6

Table 4.5.2. The distribution of tendency to learn and the scores of the different
learning styles over the sectors.
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SEX
Male

TENDENCY OPERAT COMPRE
Mean

6,05

15,12

92

92

92

4,26

9,19

4,04

8,79

15,67

18,71

24

24

24

sd

4,72

7,83

6,36

Mean

N
sd
Female Mean
N
Total

17,76

6,62

15,23

17,96

N

116

116

116

sd

4,48

8,9

4,6

Table 4.5.3. The distribution of tendency to learn and the scores of the different
learning styles over the sexes.
Education in 4

TENDENCY OPERAT COMPRE

categories
MAVO

Mean

5,38

10,38

13

13

13

4,75

5,04

4,57

5,73

16,23

17,91

22

22

22

sd

4,12

6,19

3,56

Mean

17

N
sd
MBO/HAVO/VWO Mean
N
HBO

WO

6,09

14,38

N

34

34

34

sd

4

9,29

4,79

7,91

15,95

18,81

43

43

43

sd

4,96

10,19

5,07

Mean

17,9

Mean
N

Total

17,23

6,63

14,88

N

112

112

112

sd

4,56

8,84

4,67

Table 4.5.4. The distribution of tendency to learn and the scores of the different
learning styles over the different education categories.

The scores on operation and comprehension learning in the tables 4.5.1 to
4.5.1. are the absolute test scores. Versatiles are not scored separately
and by definition have a high score (above 95% percentile score) on
operation and comprehension learning.
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Analysis of the data

In this section the analysis of the original data set containing the 116
subjects tested on their learning style is described.
Education level: The education level was expected to show a positive
correlation with a tendency to learn.
This expectation is confirmed (Spearman’s rho .239, p< .05.)
Since we have no specific hypothesis about the relationships between
learning style and education level we expect that the learning styles will
show no correlation with education. This expectation is confirmed for both
operation learning (Spearman’s rho .094, p>.05) and comprehension
learning (Spearman’s rho .105, p>.05).
Age
As described in various publications learning abilities are likely to reduce
slowly with age. This is confirmed in our analysis. We find significant
results for tendency to learn (Spearman’s rho -.411, p<.05 ), for operation
learning (Spearman’s rho -.309, p<.05) and for comprehension learning
(Spearman’s rho -.290, p<.05 score).
Sex
We wanted to know if sex influences learning styles or a tendency to learn.
We therefore used a paired T-test (see Tables 4.6.1 – 4.6.2.). From this
test sex shows a significant influence on the tendency to learn (t –2.581, p
< .05 (df = 33, sd1≠ sd2)) i.e. on average males show a lower tendency to
learn than females. We did not find a sex-related influence on learning
style (operation learning (t -.293, p >.05 (df=41, sd1 <>sd2)),
comprehension learning (t -.694, p>.05 (df=28,, sd1<>sd2))). The fact that
females score higher on tendency to learn may be due to fact that in this
case the females were on average younger and better educated. This is
due to the organizations policy to stimulate the employment of women (but
this is a recent development and the demands on education levels have
increased since then as well).
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SEX

N

Mean Std.

STd

Devi

Error

ation

Mea
n

TENDENCY
OPERAT

Male

92

6,05 4,26 0,44

Female

24

8,79 4,72 0,96

Male

92 15,12 9,19 0,96

Female
COMPRE

24 15,67 7,83

Male

1,6

92 17,76 4,04 0,42

Female

24 18,71 6,36

1,3

Table 4.6.1. The mean, standard deviation and standard error mean of tendency to
learn and learning styles for the sexes in the initial data set.
Levene'
F

t-test
Sig.

t

df

Sig.

Mean Std. Error
Difference Difference

(2- Mean
tailed)
TENDENCY sd1=sd2
sd1≠sd2
OPERAT
COMPRE

1,003 0,319 -2,739

114 0,007

-2,74

1

-2,581 33,463 0,014

-2,74

1,06

0,79

-0,55

2,05

-0,293 41,151 0,771

-0,55

1,86

114 0,371

-0,95

1,06

-0,694 28,027 0,493

-0,95

1,37

sd1=sd2
sd1≠sd2

1,07 0,303 -0,267

sd1=sd2
sd1≠sd2

9,742 0,002 -0,897

114

Table 4.6.2. The results of the independent samples test (T-test) for the two sexes
for tendency to learn and learning styles.

Sector
To examine if the tendency to learn or learning styles are sector-dependent
we used the Kruskal Wallis test (see Tables 4.6.3. and 4.6.4). The data
shows no significant differences in learning style or tendency to learn for
each sector.
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Sector N

Mean Rank

TENDENCY FA

58

52,49

OA

10

57,35

EDP

29

63,97

SERB

12

43,5

Total

109

OPERAT

COMPRE

FA

58

OA

10

52,19
56,2

EDP

29

57,53

SERB

12

61,46

Total

109

FA

58

55,46

OA

10

44,65

EDP

29

58,9

SERB

12

52

Total

109

Table 4.6.3. The mean ranks (from the Kruskal Wallis test) for tendency to learn and
the learning styles per sector.
TENDENCY OPERAT COMPRE
Chi-Square
df
Asymp. Sig.

4,373

1,162

3

3

1,643
3

0,224

0,762

0,65

Table 4.6.4. The results of the Kruskal Wallis test for tendency to learn and the
learning styles per sector .

4.7.

Selection of the subjects for the Pathfinder measurements and
teach-back protocols

From the original data set we took a sample of subjects. First we translated
the operation and comprehension scores on the Smuggler test to relative
scores (percentile scores). After that we qualified the subjects according to
the following criteria:
•
Subjects with an operation score higher than or equal to 80%, with a
comprehension score below 80%, were termed ‘operation learner’;
•
Subjects with a comprehension score higher than or equal to 80%, and
an operational score below 80%, were termed ‘comprehension learner’;
•
Subjects with scores higher than 80% on both styles were termed
‘versatile’;
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•
•
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Subjects with a relative score below 20% on any learning style were
considered in our analysis as having extremely low scores;
We also include subjects that have a score higher than 80% on their
tendency to learn (see Table 4.7.1).

In the set we selected from the original 116 subjects we thus created a subset containing:
•
4 Low scores;
•
7 Comprehension learners;
•
7 Operation learners;
•
8 Versatiles;
•
4 Tendency to learn (i.e. high scores)
The subjects that do not have a prototypical learning style (i.e. a score on
at least one of the dimensions operation score or comprehension score
higher than 80%) are considered to have the learning style that
corresponds with their highest score (either operation learning or
comprehension learning).
We made PFnets of the mental models of all subjects and posed them the
teach-back questions as described in Chapter 2. The data set was built
containing the results of these measurements.
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criterion

Selection

perience

Job ex-

learning (%)

Comprehension

learning

Comprehension

learning (%)

operation

learning

operation

learn (%)

tendency to

Subject no.

learn

88

tendency to

88

1

7

56%

26

84%

15

20%

1

Operation L.

2

12

83%

22

75%

18

50%

2

Tendency

3

1

3%

29

91%

17

40%

2

Operation L.

4

9

72%

28

89%

20

69%

1

Operation L.

5

14

90%

10

28%

15

20%

6

Tendency

6

0

0%

0

0%

9

3%

7

Low score

7

6

50%

28

89%

18

50%

10

Operation L.

8

5

43%

24

79%

19

58%

10

Operation L.

9

1

3%

4

10%

13

6%

10

Low score

10

3

16%

6

15%

13

6%

12

Low score

11

1

3%

31

97%

16

29%

9

Operation L.

12

8

65%

11

32%

23

83%

2

Comprehension L.

13

12

83%

19

65%

27

97%

1

Comprehension L.

14

14

90%

12

39%

23

83%

1

Comprehension L.

15

16

97%

10

28%

33

100%

2

Comprehension L.

16

8

65%

26

84%

14

13%

3

Operation L.

17

14

90%

14

47%

19

58%

6

Tendency

18

18

98%

8

23%

22

77%

4

Tendency

19

0

0%

4

10%

14

13%

5

Low score

20

11

81%

15

50%

23

83%

12

Comprehension L.

21

10

77%

7

19%

23

83%

12

Comprehension L.

22

13

86%

11

32%

23

83%

10

Comprehension L.

23

12

83%

29

91%

24

90%

4

Versatile

24

12

83%

30

97%

25

91%

1

Versatile

25

13

86%

29

91%

25

91%

2

Versatile

26

10

77%

37

100%

24

90%

1

Versatile

27

11

81%

26

84%

23

83%

5

Versatile

28

18

98%

27

88%

27

97%

6

Versatile

29

18

98%

36

99%

25

91%

3

Versatile

30

9

72%

29

91%

26

97%

10

Versatile

Table 4.7.1. The scores on the Pask smugglers test for all subjects selected on their
learning style test scores.
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Testing our hypotheses

Hypothesis 1: Differences in learning styles cause differences in the
knowledge structures.
From the measurements made we have three that are fit to examine
potential differences in the knowledge structures of the subjects in our data
set; node centrality and internal coherence from the PFnets and the score
categories on the teach-back categories (see Chapter 2). Testing
hypothesis 1 is described in Sections 4.8.1 – 4.8.3.
Hypothesis 2: The differences in knowledge structures caused by
differences in learning styles are persistent.
Because a longitudinal study to determine the development of knowledge
structures is not possible for practical reasons, we will compare the scores
of the group with short-term job experience (0-2 years) with the scores of
the group with longer than 2 years job experience.
According to hypothesis 2, the differences between the differences in the
knowledge structures between the groups (learning style and job
experience) will not decrease. For job experience we distinguish novices
(less then 2 years job experience) from experienced subjects.
We will use MANOVA to test this hypothesis (see Figure 4.8.1.).
Testing hypothesis 2 is only meaningful if hypothesis 1 is confirmed. If no
differences exist between the different learning styles, i.e. different learning
styles do not show differences in the node centrality values for the 15
nodes that we measured, then differences found between novices and
experienced subjects may be due to coincidence.
Low job experience

MANOVA

More job experience

X operation

X operation

(N=4)

(N=7)

X comprehension

X comprehension

(N=4)

(N=7)

X versatile

X versatile

(N=3)

(N=5)

Figure 4.8.1. The experimental design for testing hypothesis 2. The MANOVA-test is
executed for each dependent variable (node centrality for 15 nodes).
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We will not use the teach-back score categories to test this hypothesis
since the distribution of the scores does not provide us with a sufficient
amount of observations per category.
4.8.1.

Hypothesis 1: Node centrality

We analyzed the data with Anova (see Tables 4.8.1.1. and 4.8.1.2.). From
this analysis learning style shows significant influence on node 3 (F
(2,27)=5.630, p <.05) and node 9 (F(2,27)= 4.450, p<.05).
Node 3 is the most central for the comprehension learners. The versatiles
and the operation learners score almost the same and both score much
lower then the comprehension learners (see Table 4.8.1.1).
Node 9 is the most central for operation learners and the versatiles, which
score almost the same while the comprehension learners score much lower
(see Table 4.8.1.1a and 4.8.1.1b).
Learning

Centrality Centrality Centrality Centrality Centrality Centrality Centrality Centrality

Style
Operation

Mean

node 1

node 2

node 3

node 4

node 5

node 6

node 7

node 8

0,0849

0,0850

0,0316

0,0490

0,0413

0,0716

0,0872

0,0333

N = 11
sd

0,0173

0,0258

0,0120

0,0254

0,0198

0,0330

0,0368

0,0221

Variance

0,0003

0,0007

0,0001

0,0006

0,0004

0,0011

0,0014

0,0005

Compre-

Mean

0,0957

0,0836

0,0571

0,0515

0,0450

0,0601

0,0690

0,0364

hension

N=
11
sd

0,0346

0,0400

0,0292

0,0288

0,0382

0,0259

0,0403

0,0244

Variance

0,0012

0,0016

0,0009

0,0008

0,0015

0,0007

0,0016

0,0006

Mean

0,1787

0,0913

0,0302

0,0581

0,0468

0,0712

0,0780

0,0271

Versatile

N=8
sd

0,2679

0,0845

0,0140

0,0199

0,0315

0,0381

0,0416

0,0274

Variance

0,0718

0,0071

0,0002

0,0004

0,0010

0,0015

0,0017

0,0008

Mean

0,1122

0,0861

0,0419

0,0507

0,0441

0,0698

0,0776

0,0331

sd

0,1374

0,0493

0,0244

0,0262

0,0292

0,0340

0,0383

0,0235

Variance

0,0189

0,0024

0,0006

0,0007

0,0009

0,0012

0,0015

0,0006

Total

N=
30

Table 4.8.1.1a. Mean, standard deviation and n of the node centrality measures for
each learning style (nodes 1-8).

Knowledge Management: The Role of Mental Models in Business Systems
Design

91

91

Centrality
Learning

Centrality Centrality Centrality Centrality Centrality Centrality

node 9

node 10

node 11

node 12

node 13

node 14

node 15

0,0605

0,0754

0,0270

0,0000

0,0032

0,0089

0,0000

style
Operation

Mean
N = 11

Comprehension

Versatile

sd

0,0155

0,0167

0,0225

0,0000

0,0108

0,0127

0,0000

Variance

0,0002

0,0003

0,0005

0,0000

0,0001

0,0002

0,0000

Mean

0,0365

0,0551

0,0318

0,0023

0,0070

0,0142

0,0000

N = 11
sd

0,0227

0,0373

0,0349

0,0075

0,0139

0,0142

0,0000

Variance

0,0005

0,0014

0,0012

0,0001

0,0002

0,0002

0,0000

Mean

0,0607

0,0589

0,0227

0,0089

0,0030

0,0173

0,0000

N=8

Total

sd

0,0260

0,0243

0,0272

0,0174

0,0084

0,0115

0,0000

Variance

0,0007

0,0006

0,0007

0,0003

0,0001

0,0001

0,0000

Mean

0,0507

0,0628

0,0288

0,0031

0,0057

0,0133

0,0000

sd

0,0240

0,0281

0,0283

0,0101

0,0129

0,0129

0,0000

Variance

0,0006

0,0008

0,0008

0,0001

0,0002

0,0002

0,0000

N = 30

Table 4.8.1.1b. Mean, standard deviation and n of the node centrality measures for
each learning style (nodes 9-15).
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Table 4.8.1.2. MANOVA analysis table for node centrality and learning style. The
table shows a significant difference for the nodes 3 and 9. The F and significance
could not be calculated for node 15.
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4.8.2.

Hypothesis 1: Internal coherence

We analyzed the data with ANOVA (see Tables 4.8.2.1 and 4.8.2.2). From
this analysis the learning style shows no significant influence on internal
coherence (F(3, 27)= .412, p> .05.
LEARNING

Mean

N

STYLE

Std. Variance
Deviation

Operation ,42800

11

,15033

0,023

Comprehension ,36518

11

,27184

0,074

Versatile ,31800

8

,26719

0,071

Total ,37252

30

,22595

0,051

Table 4.8.2.1. Mean, standard deviation and n of internal coherence for each
learning style.
Sum of

df

Squares
Internal Between groups

Mean

F

Sig.

Square

(Combined)

,067

3

,022

,412

,746

Linearity

,033

1

,033

,613

,440

Deviation from

,034

2

,017

,311

,736

Within groups

1,465

27

,054

Total

1,532

30

coherence
PFnet *
LEARNSTY

linearity

Table 4.8.2.2. MANOVA analysis table for internal coherence.
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4.8.3.

Hypothesis 1: Teach-back categories

We analyzed the data with Anova (see Tables 4.8.3.1 and 4.8.3.2). The
analysis results show no significant influence of learning style on any of the
teach-back score categories.
Concepts Conceptual Concepts Procedures Examples Descriptive Global
framework
Operation Mean

analysis

overview

0,82

0

1,27

0,18

0,45

0,18

sd

0,75

0,00

0,65

0,40

0,69

0,60

Variance

0,56

0

0,42

0,16

0,47

0,36

Mean

1,09

0,09

1

0,09

0,45

0,36

N = 11

Comprehension

N = 11
sd
Variance
Versatile

Mean

0,7

0,3

0,45

0,3

0,69

0,67

0,49

0,09

0,20

0,09

0,47

0,46

1,5

0

1,38

0

0,38

0
0

N=8
sd
Total

1,2

0

0,74

0

0,52

Variance

1,43

0

0,55

0

0,27

0

Mean

1,13

0,03

1,19

0,10

0,42

0,19

sd

0,88

0,18

0,61

0,31

0,63

0,55

Variance

0,78

0,00

0,37

0,09

0,39

0,230

N = 30

Table 4.8.3.1. Mean, standard deviation and n of teach-back score categories for
each learning style.
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Sum of

df Mean

Square

Square

F Sig.

s
Conceptual Between groups

(Combined) 2,938

3

,979 1,28 ,299

,972

1

,972 1,27 ,268

Deviation from linearity 1,966

2

,983 1,29 ,291

20,545

27

framework

7

* LEARNSTY

Linearity

8
2
Within groups
Total

,761

23,484

30

(Combined)

,059

3

,020 ,581 ,633

Linearity

,001

1

,001 ,035 ,853

Deviation from linearity

,057

2

,029 ,854 ,437

Within groups

,909

27

Total

,968

30

(Combined)

,782

3

,261 ,700 ,560

linearity

,042

1

,042 ,113 ,739

Deviation from linearity

,740

2

,370 ,993 ,384

Within groups

10,057

27

Total

10,839

30

(Combined)

,164

3

,055 ,581 ,633

Linearity

,104

1

,104 1,09 ,304

Deviation from linearity

,061

2

,030 ,322 ,728

Within groups

2,545

27

Total

2,710

30

(Combined)

,219

3

,073 ,174 ,913

Linearity

,000

1

,000 ,001 ,975

Deviation from linearity

,218

2

,109 ,260 ,773

Within groups

11,330

27

Total

11,548

30

(Combined)

,657

3

,219 ,723 ,547

Linearity

,048

1

,048 ,158 ,694

Deviation from linearity

,609

2

,304 1,00 ,379

Within groups

8,182

27

Total

8,839

30

Concepts Between groups
* LEARNSTY

Procedures Between groups
* LEARNSTY

Examples Between groups
* LEARNSTY

,034

,372

9

Descriptive Between groups

,094

analysis
* LEARNSTY

Global overview Between groups
* LEARNSTY

,420

5

Table 4.8.3.2. Anova analysis table for the teach-back score categories.
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4.8.4. Hypothesis 2: Analysis of temporal effects using node
centrality
From our test of hypothesis 1 we only found a mean effect of learning style
on node centrality. Consequently we will test hypothesis 2 for node
centrality only.
We want to know if an interaction effect between learning style and job
experience exists. We also want to know if a main effect exists of job
experience on node centrality. We consider a subject a novice if the subject
has less than two years experience in his current job and is considered to
be experienced otherwise.
For the analysis we used Manova, having learning style and job experience
as the independent variable and node centrality as dependent variable (see
Table 4.8.4.1).
We found no main effect of job experience on any node centrality measure.
The analysis results show no significant interaction effects between
learning style and job experience on any of the teach-back score
categories.
From this we may conclude that the differences in the individuals’ mental
models caused by differences in the subjects’ learning style are persistent.
Therefore, we can accept hypothesis 2.
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Dependent

Type III sum df

Mean

variable

of squares

square

F

Sig.

Learning

Centrality node 1

3.097E-02

2

style

Centrality node 2

1.241E-05

2

1.548E-02

.776

.471

6.205E-06

.002

Centrality node 3

5.082E-03

.998

2

2.541E-03

5.637

Centrality node 4

.010

4.598E-04

2

2.299E-04

.329

.723

Centrality node 5

3.020E-04

2

1.510E-04

.158

.854

Centrality node 6

1.295E-03

2

6.477E-04

.589

.563

Centrality node 7

9.569E-04

2

4.785E-04

.312

.735

Centrality node 8

3.864E-04

2

1.932E-04

.324

.726

Centrality node 9

3.954E-03

2

1.977E-03

4.051

.030

Centrality node 10

3.037E-03

2

1.519E-03

2.096

.145

Centrality node 11

5.680E-04

2

2.840E-04

.316

.732

Centrality node 12

3.503E-04

2

1.752E-04

1.581

.226

Centrality node 13

2.290E-04

2

1.145E-04

.965

.395

Centrality node 14

4.749E-04

2

2.375E-04

1.417

.262

Centrality node 15

.000

2

.000

.

.

Job

Centrality node 1

2.391E-02

1

2.391E-02

1.199

.284

experience

Centrality node 2

4.979E-03

1

4.979E-03

1.884

.183

Centrality node 3

2.681E-06

1

2.681E-06

.006

.939

Centrality node 4

5.424E-04

1

5.424E-04

.777

.387

Centrality node 5

1.662E-05

1

1.662E-05

.017

.896

Centrality node 6

1.036E-04

1

1.036E-04

.094

.761

Centrality node 7

3.210E-03

1

3.210E-03

2.093

.161

Centrality node 8

1.556E-03

1

1.556E-03

2.612

.119

Centrality node 9

5.174E-04

1

5.174E-04

1.060

.313

Centrality node 10

4.229E-04

1

4.229E-04

.584

.452

Centrality node 11

4.819E-04

1

4.819E-04

.536

.471

Centrality node 12

1.726E-05

1

1.726E-05

.156

.697

Centrality node 13

2.309E-04

1

2.309E-04

1.947

.176

Centrality node 14

2.682E-04

1

2.682E-04

1.600

.218

Centrality node 15

.000

1

.000

.

.
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LEARNSTY

Centrality node 1

1.969E-02

2

9.847E-03

.494

.616

* JBEXPCAT

Centrality node 2

5.614E-03

2

2.807E-03

1.062

.361

Centrality node 3

5.339E-04

2

2.669E-04

.592

.561

Centrality node 4

1.343E-04

2

6.716E-05

.096

.909

Centrality node 5

2.587E-03

2

1.294E-03

1.357

.277

Centrality node 6

1.171E-03

2

5.855E-04

.533

.594

Centrality node 7

1.579E-03

2

7.896E-04

.515

.604

Centrality node 8

3.312E-04

2

1.656E-04

.278

.760

Centrality node 9

3.092E-05

2

1.546E-05

.032

.969

Centrality node 10

3.216E-03

2

1.608E-03

2.220

.130

Centrality node 11

3.075E-04

2

1.537E-04

.171

.844

Centrality node 12

1.670E-05

2

8.352E-06

.075

.928

Centrality node 13

5.087E-04

2

2.544E-04

2.144

.139

Centrality node 14

2.182E-04

2

1.091E-04

.651

.531

Centrality node 15

.000

2

.000

.

.

Table 4.8.4.1. Manova analysis table for node centrality using learning style and
experience as independent variables. The F and significance could not be calculated
for node 15.

4.8.5.

Job experience effects on internal coherence

In Section 4.8.4. we stated that we would test hypothesis 2 by looking into
node centrality. The reason that we do not use internal coherence to test
this hypothesis also is that we cannot test an increase or decrease of the
differences between internal coherence per job experience level if such
differences do not exist, which is the conclusion of Section 4.8.2.
Therefore, we performed a t-test for explorative means (see Tables 4.8.5.1
– 4.8.5.2). We found that the novice and the experienced operation learning
groups differ significantly on the 10% level (t=2.557, p<.1 (df=4.711,
sd 1≠sd 2)). The internal coherence of the PFnets decreases for the
experienced group. For the other learning style no significant differences
were found: comprehension t=-1.450, p>.1, (df=4.538,sd 1≠sd 2) and
versatile t=0.394, p>.1, (df=3.889, sd 1≠sd 2). The variance for all learning
styles shows no significant differences between the novices and
experienced subjects (F=1.883, p>.1).
The possible tentative explanation for the effect of job experience on
internal coherence for the operation learners is that experience reflects
mainly in the depth of procedural ‘knowledge’. Specialization for these type
of people (operation learners) will result in less coherent PFnets.
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Job experience

N

Mean

group
Operation
Comprehension
Versatile
All

Std. Std. Error
Deviation

Mean

1

4 ,55100

,14885

0,0744

2

7 ,35771

,10362

0,0392

1

4 ,20100

,31855

0,1593

2

7 ,45900

,21020

0,0794

1

3 ,37100

,30795

0,1778

2

5 ,28620

,27229

0,1218

1

11 ,37464

,28384

0,0856

2

19 ,37135

,19547

0,0437

Table 4.8.5.1. The means, standard deviation and standard error mean for learning
style and both novice and experienced subjects.

Levene

t-test

'
F Sig.

t

df

Sig.

Mean Std. Error

95%

(2-tailed) Difference Difference
Lower Upper
Opera-

sd 1 =sd 2

,331 ,579 2,557

9

,031

0,1933

0,0756

0,0223 0,3643

2,298 4,711

,073

0,1933

0,0841 -0,0270 0,4135

9

,136

-0,2580

0,1577 -0,6147 0,0987

-1,450 4,538

tional
sd 1 ≠sd 2
Compre-

sd 1 =sd 2

,731 ,415 -1,636

hension
sd 1 ≠sd 2
Versatile
All

sd 1 =sd 2
sd 1 ≠sd 2

,217 ,658

sd 1 =sd 2 1,883 ,180
sd 1 ≠sd 2

,213

-0,2580

0,1780 -0,7299 0,2139

6

,698

0,0848

0,2079 -0,4239 0,5935

,394 3,889

,715

0,0848

0,2155 -0,5204 0,6900

,038

29

,970

0,0033

0,0863 -0,1732 0,1797

,034 15,348

,973

0,0033

0,0961 -0,2011 0,2077

,408

Levene: Levene's Test for Equality of Variances
T-test: t-test for Equality of Means
sd 1 =sd 2 : Equal variances assumed
sd 1 ≠sd 2 : Equal variances not assumed
95%: 95% Confidence Interval of the Difference
Table 4.8.5.2. The t-test results of internal coherence for both novice and
experienced subjects.
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Conclusion

In this study we tested two hypotheses:
1. Differences in learning styles cause differences in the knowledge
structures;
2. The differences in knowledge structures caused by differences in
learning styles are persistent.
Both hypotheses were confirmed.
From this study it was proven that Pasks’ learning styles represent
fundamentally different information retrieval mechanisms. We again found
evidence that learning abilities decrease over time, i.e. the older we
become the more difficult learning becomes. Unfortunately this holds true
for both comprehension learning and operation learning.
The relationship between the tendency to learn and the educational level
corresponds to our expectations. Intuitively we already expected that this
relationship would exist. Of course, there might be an underlying (set of)
feature(s) of human behavior, such as intelligence, that enable(s) the
tendency to learn and makes it possible to follow higher education.
We furthermore found that the education level shows a significant
correlation with comprehension learning while no such correlation with
operation learning exists. The ability to build abstract structures and a
general conceptual framework, which are the typical characteristics for
comprehension learners (by definition), may make it much easier to follow
higher education. Of course, it may also be possible that higher education
stimulates the development of the comprehension learning style.
We could show significant differences in mental models (networks) between
the different learning styles. More important yet from a design perspective
is that differences in learning styles not only affect the development of
mental models for novices, but that learning styles have a long-term effect
as well. Mental models of subjects with different learning styles do not tend
to become more similar over time, a result that is correspondent to Pask’s
claims.
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This study thus far shows further evidence that learning styles are
important. Designers cannot ignore the differences in learning styles
because these differences are persistent and as shown from different
studies (see e.g. Chapter 3). The differences in mental models that result
from it will cause differences in performance. The question of what
requirements have to be met to fit a specific learning style remains
unanswered.
We studied the relationships between learning styles and mental models
(see Figure 4.9.1). The study is, of course, just one part in the research
framework. From this study, however, we may conclude that we have to
take learning styles seriously if we design systems. Most systems
designers recognize that learning styles have impact on e.g. user interface
design. But the impact of learning styles is not limited only to novice
behavior. The effects of learning styles remain and even become greater
after time. Since we already know that differences in mental models relate
to significant differences in performance we cannot ignore the learning style
differences any longer. Ignoring these differences is costly.

Figure 4.9.1. The relationship between this chapter and the research framework that
aims at establishing the relationships between design, learning style, mental models
and performance.

Further research is needed. The type of research necessary to provide us
with these answers is not easy. Both cost (especially in a normal business
organization every hour spend on testing etc. is expensive), the lack of
willingness to be subjected to psychological test and the fact that the
results of this type of research do not result in immediate design guidelines
or economical profit, limits the number of subjects and the time these
subjects can spend (and consequently the number of concepts that can be
used in Pathfinder).

Knowledge Management: The Role of Mental Models in Business Systems
Design

102

102

However, if we want to improve knowledge productivity we must be able to
improve the systems that support us doing so. Taking into account
differences in learning styles may be a good way to do just that. This study
provides a method for achieving that goal.
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Knowledge productivity in a social setting2

Abstract
If we want to improve organizations and design business systems that
improve knowledge productivity we must first understand the mechanisms
at work. Many factors will have an impact on knowledge productivity so it is
impossible to test them all. In an empirical study we examine the
relationships between two variables, shared conceptual models and
predefined tasks, and knowledge productivity.
We find that predefined tasks lead to better knowledge productivity (both
economic efficiency and initiative under failure). We also find that a shared
conceptual model and no predefined tasks provided the best
communication conditions. Furthermore, predefined tasks have a strong
impact on the mental models people create.

5.1.

Introduction

In typical organizational settings people solve problems, make decisions,
acquire new knowledge, make plans and develop opinions etc. In all of
these processes knowledge is used. In our quest to understand the factors
that influence knowledge productivity many approaches can be used.
In the introduction chapter I pointed out that the possibilities to acquire
knowledge about cognition by introspection are limited. Consequently we
need to perform experiments to uncover the mechanisms that determine
the way people acquire and deal with knowledge and the way knowledge
influences their behavior.
In this thesis the role of mental models is the central theme as mental
models are considered to be the cognitive mechanisms that allow us to
understand and help to control the world around us (see e.g. Van der Veer
1990). These mental models develop by acquiring knowledge and skills in
interacting with an environment.
.........................
2 This study was published earlier in Opleiding & Management under ‘Kennis
productiviteit in Groepen’ (See Van Engers et al. 2000).
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However, besides mental models organizational settings, interaction and
communication patterns, working environment and so on determine
knowledge productivity in a group situation. The experiment that is
described in this chapter is designed to shed light on the factors that
influence knowledge productivity in such group situations.
As already stated in the introduction chapter the ‘liberals’ in the knowledge
management debate believe that while we need to pay attention to the
phenomenon knowledge, we should focus on knowledge productivity being
the ultimate goal of knowledge management instead of focusing on the
managerial aspects as many knowledge management practitioners
belonging to the other schools do.
In Chapter 1 it was also shown that knowledge productivity is another word
for performance, that is to say, if the job needs no or negligible physical
abilities.
However, although in the knowledge management field agreement exists
about the fact that knowledge productivity is related to the degree in which
the available knowledge is used effectively, little is yet known about the
underlying and causing mechanisms. Knowledge about knowledge (and
especially its production, i.e. knowledge creativity), however, is needed to
be able to create organizations, working environments and artifacts that
stimulate the creation and use of knowledge.
Daily life examples illustrate the complexity of the mechanisms that govern
knowledge acquisition, creation and use. Let us think back of the events
that happened only yesterday. Why is it that one is only able to remember
part of what happened yesterday and not everything? Thinking hard will
bring back a little more, but still not everything. Why do we remember only
specific things and why do we seem to have forgotten the rest? Humans
only possess a scattered memory of the things they experienced but still
they learn. We clearly succeed in our everyday life to solve problems, make
decisions, acquire new knowledge, make plans, develop opinions and so
on, many times a day, despite our limited memories and selective
knowledge acquiring skills. Our capability to cope with very complex daily
life issues is due to our incredibly powerful minds. In our minds we make
representations of the world we interact with. These representations in the
human mind are what cognitive scientists call ‘mental models’.
As shown in Chapter 3 mental models and especially congruency of mental
models plays an important role in knowledge productivity and especially
performance (see also Versteegen et al.1999). The tasks in the study
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described in Chapter 3 were very straightforward clear tasks, i.e. tasks with
no competing or conflicting goals. Knowledge productivity of groups is a
different matter. In group situations often many conflicting goals have to be
met and many perspectives on how to produce a solution for a specific
problem will exist.
Mental models influence the way people think they should act, how they
expect others to react and what they actually do (Haberlandt, 1997). Every
member of a group has a mental model, but these mental models can be
quite different. These differences reflect for example discrepancies
between the expectations of the group members. Little is known of how
these types of differences in mental models influence the group processes.
In the study described in this chapter the relationships between mental
models and some cultural characteristics and the relationships between
mental models and performance (knowledge productivity) of groups are
established.

5.2.

Knowledge productivity from a group process perspective

We can analyze group processes at different levels. If we look into these
processes from a task analysis perspective (e.g. Card et al.1986) we
should look for:
1. The goals (the mission of the group and the goals of individuals);
2. The vision (that which the group members expect or hold to be true);
3. The strategy (the way the group and its people plan their operations);
4. The operations (the way the strategy is implemented in actual
behavior).
Goal setting is a very important process. Without the right goals it is very
unlikely that the desired results will be achieved. Since knowledge
productivity is the topic of this study, however, we are not particularly
interested in goal setting. We therefore limit ourselves to the latter three
aspects of group work.
5.2.1.

Vision

To understand the behavior of a group of people working together we need
to understand the vision of the individuals. Visions we define as the things
that people hold to be true and the things that they expect will happen and
think should happen. Individuals’ visions are colored by their previous
experiences, their norms and values. Many authors (e.g. Schein 1992)
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point out that individuals’ values and beliefs have an impact on the
organizations’ operations. Since these visions are part of the individuals’
mental models we might expect that group performance would increase
when the individual visions are more congruent. We therefore have to
measure these individual visions and determine the congruence with the
other individuals’ visions.
5.2.2.

Strategy

Based upon their vision people plan their operations to reach the goals they
are aiming for. The rationale behind the steps individuals plan is part of
their mental model. Persons may differ in their strategy given the same set
of goals. This may lead to conflicts when people have to work together (you
can see beautiful examples of this on camping sites when a family is trying
to put up a tent). We may expect that group performance is determined by
strategy alignment. Consequently, we have to measure the individuals’
strategy and determine the congruence with the other individuals’
strategies.
5.2.3.

Operations

The operations are the activities that actually occur when a group is
working together. Operations are based upon the individuals’ strategy but
also on the specific circumstances that are met while operating. When
operating people interact with their environment and therefore are adapting
their mental models to it. From observing individuals while operating we
can reconstruct the possible underlying mental models (e.g. using a
hermeneutic approach, see e.g. Van der Veer 1990). Besides the
operations itself we are interested in their consequences on performance.
While the operations can be derived from task performance, the vision and
strategy need to be expressed separately in some qualitative and
quantitative way. In this study we use a questionnaire to assess the
relevant aspects of both vision and strategy (see Appendix 5B).

5.3.

Group culture

The culture of the group is shown by the behavior of the group. Are the
members friendly to each other? Are the members competitive or even
hostile towards each other? Does the group believe the goals they are
trying to achieve are important or not? And so on.
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Schein (1992) describes many variables that characterize the culture of an
organization (and a group is a form of an organization). In this study we
focus on the following variables:
1. Organization vs. environment relationship
Does the group concentrate mainly on the structure of the group, or is
the relationship with the environment the most important? Groups that
are focused mainly on the environment are likely to let their actions
depend on the environment, while groups that are focused on the
organization are likely to take actions depending on the demands of the
group.
2. Nature of human relationships
Do the members of the group look only after their own interests or are
they focused on the interests of the group as a whole?
3. Task vs. relationship orientation
Do the members of the group put most of their effort in completing the
tasks that need to be done, or are the relationships in the group the
most important.
4. Good vs. bad communication
How is communication within the group? Is everyone free to talk about
what they want or are there many small fights and irritations?
The differences between the knowledge management and the knowledge
productivity school are expressed in different opinions on how to organize
work. This leads to differences in the amount of freedom that people have
to decide on how to organize their work. The managerial school is focused
on control and believes that we should manage knowledge like all other
assets. The “liberal” school believes that we cannot manage knowledge (it
is not just seen as an asset) and even that attempts to manage knowledge
are a threat to knowledge productivity. This school believes that situations
where everyone has the same status and where no person has specific
power to lead the others are more knowledge productive. This still leaves
room for task differentiation. We therefore make a distinction between
groups in which the members have pre-defined tasks, and groups without
pre-defined tasks, i.e. in which the members decide on what to do together
as they are working. When a group has pre-defined tasks, everyone has
their own responsibilities and less negotiating needs to be done when
dividing the newly arisen tasks; however, some of these tasks may not fall
into any of the pre-defined responsibilities of the members of the group.
When a group has no pre-defined tasks the new tasks are everyone’s
responsibility and dividing the tasks and discussing what needs to be done
may take so much time and energy that the performance of the group will
suffer from it.
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It is reasonable to expect that the organization of a group influences
knowledge productivity, but it is also likely that it depends on the (external
and situational) circumstances as to whether this will be beneficial or not.
We therefore need to have more insight into how a group is best organized
when working on a complex task. In such complex task situations sudden
changes in the demands of the environment will occur or unexpected
problems will need to be dealt with.
Organizations can be characterized in many more ways than from the few
focus points depicted above. The desire to establish an empirical
foundation under the relationships we try to discover, however, puts a limit
on the amount of aspects that can be taken into consideration.

5.4.

Shared conceptual modeling

Several methods exist to extract information from individuals’ mental
models. In Chapter 2 a description of the Pathfinder method and the Teachback method are given. Besides methods that aim at establishing
individual’s mental models, knowledge elicitation methods that can be
applied in a group setting exist. This type of method (see e.g. Soft Systems
Methodology, Checkland 1989, and Qualitative Modeling, Vennix 1995)
have the clear advantage that they not only help to clarify the group
members mental models (and consequently the driving forces behind their
actions) but also allow a type of learning that helps the group members to
develop a shared mental model.
In the process of shared conceptual modeling a group discussion in which
the members are invited to express their ideas, beliefs and knowledge
about a system is held. An external representation of these ideas, beliefs
and knowledge is then created. Such an external representation is called a
(shared) conceptual model. This representation allows the members of the
group to easily adapt their ideas, beliefs and knowledge together.

Shared
Conceptual
Modeling

Social
setting
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Figure 5.4.1. Schematic overview of the study of this chapter.

Shared conceptual modeling aims at:
1. Establishing the mental models of the participating individuals;
2. Creating a representation or conceptual model;
3. Creating a situation in which information about the mental models of
participating individuals can be exchanged (i.e. creating a shared
conceptual model);
4. Creating a shared mental model between participating individuals (i.e.
every individual internalizes the shared conceptual model thus creating
a shared mental model, i.e. a mental model that is similar for the
relevant aspects with the other group members).
Many authors have described methods that support shared conceptual
modeling or are designed to do so. Methods designed to elicit and
represent knowledge that are used in knowledge modeling or business
modeling usually are not designed with this purpose in mind. However,
these methods can be used that way if they are applied in the right setting.
In this chapter we attempt to establish whether or not our previous findings,
that mental model similarity correlates to performance, holds in a complex
group decision situation as well (see Figure 5.4.1.).
We use Qualitative Modeling (Vennix 1995) to establish a shared mental
model between group members. Qualitative modeling is done in a guided
discussion. Normally one starts with having the group point out the relevant
concepts (variables) that are important in a certain domain.
These concepts then are written on post-it notes. The most central variable
is stuck in the middle of a large piece of paper. Then the group is asked
what other variables are influenced by this variable. The suggested
variables are put around the variable on the paper. Whenever there is
disagreement about whether a variable should be put on the paper a
consensus should be reached in the group. When this is not possible the
variable will be put on the paper with the remark that if it turns out that
there really is no relation between the variables, it will be removed.
When there are no more variables suggested by the group the group is
asked what kind of relationship they expect between the variables. An
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arrow between the variables (the arrow pointing out the direction) depicts
this relationship. A ’+’ is assigned when it is expected to be a positive
association (e.g. A+>B means if A increases B will as well) and a ’ –‘ when
it is expected to be a negative association.
A similar procedure is applied to establish the variables that influence the
variables being examined. Working this way the relationships between all
variables that are added to the piece of paper are established.
The moderator has to play a modest role. He or she should have a helping
and problem oriented attitude. He or she should focus on helping the group,
rather than building the model. The moderator does not take sides in the
discussion. The moderator should remain neutral and not express his/her
own opinion about how he/she thinks the relations between the concepts
are. This way the group will get a sense of ownership of the model, which is
very important for the development of a shared mental model. The
moderator may ask reflective/clarifying questions to establish the speaker’s
intentions. Miscommunication can be avoided in this way. Furthermore the
moderator should try to increase the level of vigilance, since when a group
is being watchful, they will be less prone to group-think (i.e. exchange ideas
and thoughts).

5.5.

Experimental design

We examine the relationships between the group characteristics (including
the culture characterization) as described before and group performance
(knowledge productivity). The differences in overlap of mental models of
group members and the differences in organizational structure are
expected to result in changes in the group, which in turn will influence the
performance of the group (see Figure 5.5.1.).
For the shared mental model groups we use Vennix’s (Vennix 1995)
shared conceptual modeling technique. To prevent the groups that did not
build a shared mental model from having an incomparable situation, we
allow the members of these groups to build their own individual mental
models by using a questionnaire with teach-back questions (see Appendix
5A).
Sharing mental
models

Characteristics of

Performance

the culture/
Abilities of the
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Figure 5.5.1. Scheme of the expected connections.

The type of organization is expressed in the independent variable
predefined tasks (or not), which is implemented as a test condition by
having pre-defined tasks for one half of the groups and no pre-defined
tasks for the other half. In the pre-defined tasks condition the responsibility
for specific goals are assigned to specific group members while for the
groups without pre-defined tasks the responsibility for all the tasks is
assigned to the group as a whole.
In order to measure how the individuals perceive the culture of the groups
they are a member of (see Section 5.3. for the culture characteristics) we
use a second questionnaire (see Appendix 5B).
To measure the groups’ performance we use a management game,
developed by Scharley & Partner GmbH called Utopia (see
http://www.scharley.com/HomeD/Produkte/Utopia/utopia.html). This game
was originally designed for the assessment of individual managers but we
will use it in a group setting.
In Utopia a small island is simulated. The groups have to reign over this
imaginary island for about 90 minutes. In 15 steps these groups have to
control the island as well as possible (see Figure 5.5.2.). To do this several
important targets have to be met. To accomplish this task one must quickly
understand the complex and diffuse relationships between a number of
conflicting targets. Furthermore, one must be able to analyze a certain
amount of information and be flexible enough to adapt to the (changing)
circumstances of the virtual island. The groups may use different
instruments that support the analyses of information while they control the
island. After each step feedback is given in the form of graphs containing
trends and changes that are the results of their actions. The groups can
use this information to adapt their strategies.
The goals the groups are given are as follows:
1. Create stable government’s finances;
2. Create a high standard of life;
3. Create a clean environment.
The starting situation is as follows:
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The most important income resources are tourism, industry (oil, chemistry
and textile), agriculture and fishing. The standard of life is far below
average. Also the health and social programs as well as the housing
situation are not concordant with the demands. Transport systems are
underdeveloped while many islanders are unemployed.

F igure 5.5.2. The variables in Utopia.
It is difficult for the island’s government to develop an optimal strategy,
partially because the different sources of income embody conflicting
interests. For example: a large-scale expansion of industry could threaten
the islands’ environment and consequently lead to a decrease of the tourist
industry. However, on the other hand, without the income generated by
industry no tax income will be generated. Without tax income it is
impossible to invest in housing, education, welfare programs, etc. There
are also conflicting interests between fishing and oil production at sea.
Fishermen are endangered in their existence because of the construction of
drilling platforms at the former fishing area.
While playing the game the group members are given feedback on the
group performance by the results of the group’s operations with respect to
the three given goals (the measure in how far these goals are satisfied) that
are displayed regularly. The score on these goals determines the overall
performance. The game also scores the groups on process characteristics
of the decision-making process:
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Long-term stability;
Readiness to take risks;
Variation of interventions;
Use of aids;
Preliminary use of information;
Target control;
Economical efficiency;
Flexibility;
Priority setting;
Initiative under failure;
Target control under failure;
Goal optimization.

Sharing mental models
Performance

Characteristics of the
culture/

Abilities of the

Type of organization

group

A-hypothesis

B-hypothesis

Figure 5.5.3. Scheme of the expected connections and the positioning of the
hypothesis.

We expect that the independent variables ‘shared mental model’ (or not)
and ‘pre-defined tasks’ (or not) have significant impact on the
characteristics of the culture of the group and on the group’s abilities (see
Table 5.5.4.). This will consequently have impact on the group’s
performance (see Figure 5.5.3.).
We want to establish the relationships between these independent
variables and the twelve dependent variables listed earlier (characterizing
the decision-making process). As described in Section 5.4 conceptual
modeling sessions are used as a means to create shared mental models. In
the operational design we will therefore use the variable matrix as depicted
in Table 5.5.4.

Shared mental models

Pre-defined tasks

No pre-defined tasks

I

II
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Non shared mental models

118

III

IV

Table 5.5.4.:The independent variable matrix.

Based upon the cultural dimensions of Schein (1992) we expect some
relationships between our independent variables and the cultural
characterization described in Section 5.3. These expectations are
expressed in the A-hypothesis (see also Figure 5.5.3). We also expressed
some expectation of the relationships between the cultural characteristics
and performance (the B-hypothesis see Figure 5.5.3). The quadrants
mentioned in the hypothesis are the quadrants as depicted in Table 5.5.4..
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Hypothesis 1A (quadrant I & III):
For groups without pre-defined tasks the environment will be more
dominant than the organizational structure of the group.
Hypothesis 1B:
Groups in which the environment is more dominant will perform better than
groups in which the organization is more dominant.
Hypothesis 2A (quadrant II):
For groups without pre-defined tasks and with a shared mental model
groupism will be more dominant than individualism.
Hypothesis 2B:
Groups in which groupism is more dominant than individualism will perform
better than groups in which individualism is more dominant than groupism.
Hypothesis 3A (quadrant II):
Groups without pre-defined tasks and with a shared mental model will be
more task-oriented than groups that lack both pre-defined tasks and a
shared mental model.
Hypothesis 3B:
Groups that are more task-oriented than relationship-oriented will perform
better than groups that are more relationship-oriented than task-oriented.
Hypothesis 4A (quadrant I & II):
Groups with a shared mental model will communicate better with each
other than groups without a shared mental model.
Hypothesis 4B:
Groups with good communication will perform better than groups with bad
communication.
Hypothesis 5A (quadrant I):
Groups with a shared mental model and pre-defined tasks will score higher
on the characteristics of the decision-making process.
Hypothesis 5B:
Groups that score highest on the characteristics of the decision-making
process will perform better than the groups that score lowest on those
variables.
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Testing the hypothesis

To test the hypotheses described in Section 5.5. and to establish other
possible relationships between the independent and dependent variables
we held an experiment during the VanWoodman Conference on Knowledge
Productivity (June 15th 2000). The groups consisted of 28 subjects visiting
the conference, all having an above average education.
As depicted in Table 5.5.4 there were four categories of groups:
I.
Groups that have a shared mental model and use pre-defined
tasks;
II.
Groups that have a shared mental model and use non-pre-defined
tasks;
III.
Groups that do not have a shared mental model and use predefined tasks;
IV.
Groups that do not have a shared mental model and use non-predefined tasks.
We formed eight groups, two for each category. We avoided placing
people that already had a co-operation relationship (e.g. because they work
for the same company) in the same group.
The experiment held consisted of 5 steps:
1. The group members are given a short introduction in which they are
told about the objects of the experiment, the time it will take etc. (5
min.).
2. The game is explained to the group. The groups are told what goals
they have to meet. The game’s interface, its’ possibilities and restraints
are explained. At the end the tasks are divided if the group has the predefined task condition (30 min.).
3. The groups that we want to have a shared mental model join a shared
conceptual modeling session, while the others fill in teach-back
questions individually (45 min.).
4. The groups execute the Utopia assessment task (90 min.).
5. The groups fill in the questionnaire (10 min.)
The experiment took a total of 3 hours to complete.

5.7.

The questionnaire

As described in Section 5.5. a questionnaire (see Appendix 5B) was used
to measure how the individuals perceived the culture of the groups they
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were a member of. The reliability of the dimensions with the questionnaire
was assessed using Cronbach’s alpha. The alpha’s are all above α = .7, so
the reliability of the questionnaire is acceptable (see table 5.7.1.).
Dimension

Number of cases

Cronbach’s alpha

Organization vs. environment

N=28

α = .74

N=28

α = .75

N=28

α = .78

N=28

α = .72

relationship
Nature of human relationship
(groupism-individualism)
Task oriented – relationship
oriented
Good vs. bad communication

Table 5.7.1. The reliability per dimension.

Besides these dependent variables describing the perceived culture we
measured dependent variables related to decision process (see Section
5.5). The complete list of dependent variables thus will be:
1. Organization vs. environment relationship;
2. Nature of human relationship (groupism-individualism);
3. Task oriented – relationship oriented;
4. Good vs. bad communication;
5. Long-term stability;
6. Readiness to take risks;
7. Variation of interventions;
8. Use of aids;
9. Preliminary use of information;
10. Target control;
11. Economical efficiency;
12. Flexibility;
13. Priority setting;
14. Initiative under failure;
15. Target control under failure;
16. Goal optimization.
We measured the effect of two independent variables (shared conceptual
models (or not) and pre-defined task (or not)) on these 16 dependent
variables.
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Results

Normally p ≤ .05 is considered the proper range for rejecting the nullhypothesis. If p > .05 the chance to reject falsely the null-hypothesis is
considered to be too high. Since the number of subjects in this study is very
small (N = 28) it is unlikely that any significant results will be found with this
criterion. A number of 20 subjects per cell is often considered to be the
minimum situation while in this study the sizes of the cells are 7 to 15
subjects. Therefore, some leniency is required and we will reject the
0-hypothesis (i.e. the hypothesis described in Section 5.5) when p ≤ .10.
Since besides testing our hypothesis we were curious about the
relationships between the independent and the dependent variables we
analyzed the data using univariate analysis (two-sided). The results are
presented in Table 5.8.1 (for the complete results see Table A.5.8.1. in the
appendices).
Two main effects and two interaction effects were found:
•
(See dependent variable 11 in Table 5.8.1.)
There was a significant effect of pre-defined tasks on economic
efficiency (F(1,24)= 18.19, p= .01). Groups with pre-defined tasks
(mean = 83.00, sd = 3.92) scored higher then groups without predefined tasks (mean = 46.00, sd = 16.79).
•
(See dependent variable 14 in Table 5.8.1.)
There was also an effect of pre-defined tasks on initiative under failure
F(1,24)= 11.95 p= .03). Again groups with pre-defined tasks
(mean = 73.50, sd = 26.76) scored higher then groups without predefined tasks (mean = 28.00, sd = 16.55).
•
(See dependent variable 4 in Table 5.8.1.)
There was an interaction effect of pre-defined tasks and shared-mental
models on communication (good vs. bad communication). The
condition of no shared mental model and no pre-defined tasks
corresponds to better communication (this reflects a higher mean
(mean = 6.17, sd= .41)) and differs from groups with a shared mental
model and without pre-defined tasks (mean = 5.05, sd = .91).
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(See dependent variable 15 in Table 5.8.1.)
There was also an interaction effect between shared mental models
and pre-defined roles and target control under failure (F(1,24)= 4.57,
p= .10). The groups with a shared mental model and with pre-defined
tasks (mean = 64.00, sd= 8.49) scored higher, i.e. they were in better
control, than the groups without shared mental model and with predefined tasks (mean = 21.50, sd= 4.95).
Variable

Condition

Significance of effect

4. Good vs. bad

Shared MM or not

F(1,24)= .90 ;

communication

p= .35
Predefined tasks or not

F(1,24)= .38 ;
p= .55

Interaction effect

F(1,24)= 3.20 ;
p= .09*

11. Economical efficiency

Shared MM or not

F(1,24)= .85 ;
p= .41

Predefined tasks or not

F(1,24)= 18.19 ;
p= .01**

Interaction effect

F(1,24)= 1.08 ;
p= .36

14. Initiative under failure

Shared MM or not

F(1,24)= 4.05;
p= .11

Predefined tasks or not

F(1,24)= 11.95 ;
p= .03 **

Interaction effect

F(1,24)= .52 ;
p= .51

15. Target control under

Shared MM or not

failure

F(1,24)= 1.58 ;
p= .28

Predefined tasks or not

F(1,24)= .49 ;
p= .52

Interaction effect

F(1,24)= 4.57 ;
p= .10*

Table 5.8.1. The results of the univariate analysis *:p ≤ .10, **:p ≤ .05.
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We found no effects between the groups’ conditions and goal optimization
(the combination of the three goals the subjects were told to optimize
playing Utopia).
We examined differences in the mental models of the subjects by analyzing
the answers on the questionnaire:
•
There was no significant difference between the groups with a shared
mental model and groups without a shared mental model on any of the
questions in the questionnaire. So the mental models were very similar
after completing the Utopia game.
•
There was, however, a difference in mental model similarity between
the groups with and without pre-defined tasks. The groups without predefined tasks had a higher score (F (1,24), mean = 5.52, sd = .57) than
the group with pre-defined tasks (F (1,24), mean = 5.04, sd = .85).

5.9.

Interpretations of the results

We were able to partly confirm hypothesis 5 (“Groups with a shared
conceptual model and pre-defined tasks will score higher on the
characteristics of the decision-making process”):
1. Groups with pre-defined tasks scored higher on the characteristic
‘economic efficiency’.
That groups with pre-defined tasks performed better on the
characteristic ‘economic efficiency’ means they were more adequate in
taking just those actions that were needed to satisfy the goals.
Because of the pre-defined task subjects in this situation are more
likely to be capable of setting priorities in the many conflicting goals
that had to be met. Subjects without such a pre-defined task had to
take into consideration too many goals to be able to set the right
priorities.
2.

Groups with pre-defined tasks also scored higher on the characteristic
‘initiative under failure’.
Groups with pre-defined tasks also scored higher on ‘initiative under
failure’. This suggests that individual members of the groups with predefined tasks found it easier to figure out what they had to do, since
they only had to look at part of the picture. The members of the groups
without pre-defined tasks had to look at the entire picture, which is far
more complex, and may even lead to indecisiveness.
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Groups with a shared mental model and pre-defined tasks scored
better on the characteristic ‘target control under failure’.
There was an interaction effect of similarity of conceptual models and
organization for the characteristic ‘target control under failure’. Groups
with a shared conceptual model and pre-defined tasks scored better
than the other groups on this variable. These groups had an easier
task when trying to figure out what had to be done (for the same
reasons as they were better in taking ‘initiative under failure’), but
because of their shared conceptual model (and therefore their shared
mental model) also understood each other’s intentions (with respect to
vision and strategy) better. Vennix (1995) already pointed out that
shared conceptual models improve communication and make it easier
to reach a consensus in a group.

We also found significant results that were not predicted, but can be
explained:
4. Groups without a shared mental model and without pre-defined tasks
score better on communication (this means that these groups valued
they had better communication) than the groups with a shared mental
model and without pre-defined tasks.
The rationale behind this phenomenon could be that groups in which
the members have previous experience with each other are more direct
in expressing their opinions (and this may not always be expressed
diplomatically). A more direct way of communicating then proves to
give the best results although the group members do not always
appreciate this. The variable good vs. bad communication expresses
the appreciation of the communication rather then the effectiveness of
the information exchange (which is the aim of communication). That the
conclusion may at first seem to be conflicting with the previous
conclusion (i.e. shared conceptual models implies better
understanding) is due to the operationalization of the variable
‘communication’.
5. There is a significant difference in overlap of mental models between
the groups in the conditions with or without pre-defined tasks.
After completing the Utopia game there was no significant difference
between the mental models of the groups with or without a shared
conceptual model (mental model similarity). Apparently a shared
mental model is build during the interactions in the groups. The groups
that are in the ‘shared conceptual model’-condition have no apparent
advantage. In the setting many decision-making rounds were played
(18 * 5 minutes each) so that the interaction was very intensive. This is
not what we would expect and limits the claims of Vennix (1995). We
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cannot exclude that a group could have benefited from a conceptual
modeling session if we would have played less rounds or if the task
would have demanded less interaction, but conceptual modeling
definitely is not a necessity for al complex decision-making processes.
There was a significant difference, however, in overlap of mental
models between the groups with and without pre-defined tasks. The
mental models subjects without pre-defined tasks were more similar
than those of subjects with a shared mental model.
People with specific tasks obviously pay more attention to the part of
the system that is specifically relevant to them. As a result the
corresponding parts of their mental models of the system (the gamemodel in Utopia) are more developed than the part that is not relevant
for their roles.
The largest shortcoming of this research is obviously the small number of
subjects. This is a practical restriction that was not foreseen. The minimum
number of participants of the congress was to be 40, but more were
expected. However, as it turned out, there were only 28 people visiting the
congress and hence there were 28 subjects. The lack of more significant
results is likely to be due to this small number of subjects. Such small
numbers makes it very hard to find significant results. Since we found some
interesting results it would be gratifying to perform the experiment again
with a greater number of people.

5.10.

Conclusions

With this research we have explored a field that has not as yet received
much attention. The results found are a valuable contribution to the body of
research on mental models, conceptual models and the dynamics of small
groups. This research also gives rise to many new questions that can form
a lead for researchers interested in this subject.
More research needs to be done on the cultural factors that govern
knowledge productivity. It is very unlikely that communication is the only
factor influencing knowledge productivity in a group. The focus of the
groups and its individual members is likely to influence what the group, and
its members, will do.
The fact that communication was valued worse in groups that generally
scored better on the characteristics of culture and strategy was rather
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unexpected. Apparently most people do not appreciate a harder, more
direct way of communicating although the group results will benefit from it.
Groups without pre-defined tasks and without a shared conceptual model
valued their communication as being better, but they scored low on
knowledge productivity. The relationships between affect and information
exchange effectiveness of communication will be an interesting subject for
further research.
The fact that group members with pre-defined tasks had more
heterogeneous mental models than group members without pre-defined
tasks allows one to conclude that an individual’s focus influences the
mental model that person builds. Since this offers a handle to manipulate
the development of mental models this is also an interesting subject for
further research.
The debate about knowledge management and knowledge productivity is
likely to continue for some time. During their competition the knowledge
management school won one point: pre-defined tasks gives an advantage
in handling complex decision-making situations. Complete freedom does
not seem to offer the creativity that the “liberal” school hopes it would. How
people work is still a well-kept secret, but now we are afforded a glance
behind the scenes. We still need to discover more of the mechanisms
behind knowledge productivity to be able to design organizations, systems,
etc., that help to increase it.
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Facilitation of business process redesign by coconstructing a shared conceptual model

Abstract
Knowledge management is likely to lose its popularity amongst managers if
it does not provide them with practical means that help them to improve
their organizations’ knowledge productivity. In a business situation we
applied the CommonKads process and task analysis method to establish
the knowledge produced and used in the organizations’ processes. The
knowledge-related problems detected were discussed in a meeting with the
organizations’ management. The knowledge-related problems were held
against the organizations’ strategy and we consequently established what
knowledge-related problems had to be solved with what priority. One of the
conclusions of that meeting was that the HRM-strategy needed to be
adapted to stimulate knowledge creation and sharing. We consequently
designed a new function building that provides the management with
handles to control knowledge productivity. The CommonKads process and
task analysis method showed added value in the strategy development
process by presenting the knowledge-related problems more objectively.
Presenting the results in a shared conceptual modeling session with the
management furthermore helped to set the strategy. Shared conceptual
modeling helped us to make clear perceptual differences between the
managers while they had to articulate their goals. This made it easier to
reach consensus on the priority of the knowledge-related measurements
that had to be taken. One of those measurements was the redesigning of
the existing function descriptions. We designed an HRM framework that
fitted within the organizations’ normal management instruments and
stimulates knowledge development.

6.1.

Introduction

Knowledge management aims at optimizing an organization’s knowledge
productivity. As the name already suggests knowledge management is a
form of management but with a specific focus, namely ‘knowledge’.
In knowledge management literature many authors use the concept
‘knowledge productivity’. ‘Knowledge productivity’ and ‘performance’ are
correlated concepts. Knowledge productivity is the result of the
effectiveness of learning and application of new and existing knowledge.
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This result has its effect in overall task performance, although in some
tasks, physical strength and other forms of competence, may also have its
effect on task performance. In knowledge intensive tasks, where physical
aspects do not play a significant role, we may equal (team) performance to
knowledge productivity.
With respect to performance we can take two perspectives, the
performance of individuals (employees or managers) or the performance of
co-operating groups. Organizations can be considered to be a specific
example of a co-operating group (see e.g. Senge, 1990, Nonaka, 1991 and
Wiig, 1993). In recently developed task analysis and systems design
methods the importance of group processes is recognized and these group
processes play an important role in both analysis and design (see e.g. Van
der Veer and Van de Wolde 1982 and Van der Veer 1990).
The study described in Chapter 3 shows that mental model similarity
correlates positively with performance. From this we may conclude that to
increase performance we need methods that stimulate the development of
shared mental models.
For practical reasons these methods need to be applicable in concrete
business settings. Such a typical business setting is a design process in
which many stakeholders with different roles and backgrounds have to work
together in order to get the job done.
The importance of supportive tools for knowledge dissemination and
application are often pointed out in knowledge management literature. Both
literature and research in the DTCA show that instruments that support the
knowledge dissemination and knowledge application can only become
effective if the right preconditions are created (see e.g. Van Engers et al.
1997). The latter is a management job. Consequently I will focus on the
controlling aspect and will consider knowledge management to be a set of
coherent knowledge development, knowledge dissemination and
knowledge application stimulating activities. Furthermore, my starting point
is that my research should help optimize existing or create additional
control instruments aimed at the optimization of the production factor
knowledge.
In management literature many aspects that need to be managed are
mentioned. These aspects represent different views on the organization to
be managed and are also known as the COPAFIJTH-aspects3.
........................
3 Although variants of the COPAFIJTH acronym occur in literature the original source of
this acronym couldn’t be established.
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COPAFIJTH is an acronym for:
1. Commercial;
2. Organization;
3. Personnel;
4. Administration;
5. Financial;
6. Information;
7. Juridical;
8. Technology;
9. Housing.
It is often suggested (perhaps as result of the ‘hype’) that knowledge
management implies that new, additional management tasks have to be
performed (although it is not clear what these tasks are).
Knowledge, however, is an inalienable asset that comes unavoidably with
human labor. Knowledge is not a new phenomenon nor is thinking about
knowledge (philosophy). Management has always been concerned with e.g.
the allocation of human (and other) resources and knowledge management
therefore does not necessarily imply that new tasks have to be executed
although a new emphasis may be needed. The focus on the aspect
knowledge implies a focus on the Organization, Personnel and Information
aspect.
It would be most effective if knowledge management instruments could be
fit into the instruments already available to managers. Furthermore, these
instruments need to be practical.
In the previous chapters we have looked at knowledge from an individual’s
perspective. In many studies the role of mental models is limited to the
behavior of individuals (including expert behavior). From a managerial
perspective an organizational approach to knowledge is more interesting.
Rosenhead (1989) states that decisions and actions emerge out of
interactions between a variety of actors. ‘Each may, indeed will, have an
individual perspective or world-view (Weltanschauung) through which the
actions and statements of others are interpreted. What the constraints are,
what the priorities should be, what the problem actually is, may be
perceived quite differently. A process of accommodation between
participants is necessary before a problem focus can emerge which will
carry assent and commitment to consequential actions.’
There are some studies that try to connect the individual perspective to the
organizational one and mental models, the mechanisms that are considered
to be the driving force behind human behavior (see e.g. Van der Veer 1990)
could provide us with a solution.
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Several methods exist to extract information from individuals’ mental
models (see also Chapter 2). A sub-set of these knowledge elicitation
methods consists of methods that are applied in a group setting. These
types of methods (see e.g. Soft Systems Methodology, Checkland 1989,
and Qualitative Modeling, Vennix 1995) have the clear advantage that they
not only help to clarify the group members mental models (and
consequently the driving forces behind their actions) but also allow a kind
of learning that helps the group members to develop a shared mental
model.
The process, in which a group of people are invited to express their ideas,
beliefs and knowledge about a system, a representation of these ideas,
beliefs and knowledge is created in such manner that the group members
have access to it and can adapt their ideas, beliefs and knowledge, I call
‘shared conceptual modeling’ (see Chapter 5). A mental model reflects an
individual’s ‘cognitive state’ while a conceptual model is an explicit
representation of a system. A mental model therefore belongs to the
individual’s internal world while the conceptual model belongs to the
individual’s external world. We can use shared conceptual modeling to
create shared mental models for the subjects that participate in such a
conceptual modeling session. We speak of shared mental models if the
individuals’ mental models show sufficient overlap (which may appear from
external representation of their mental models or from overt behavior).
Shared conceptual modeling aims at:
1. Establishing the mental models of the participating individuals;
2. Creating a representation of a shared conceptual model;
3. Creating a situation in which information about the mental models of
participating individuals can be exchanged;
4. Creating a shared mental model between participating individuals.
Kraiger et al. have e.g. studied the relationship between (sharing) mental
models and team performance (Kraiger and Wenzel 1997). In their
experiments the individual mental models of a group seem to indicate how
the group as a whole will function.
Shared
Conceptual
Modeling

Social
setting

MentalModels in Business Systems
Performance
Learning
Knowledge Management:
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Design
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Figure 6.1.1. In this chapter we study the applicability of a knowledge analysis
method to establish knowledge-related problems. We use the method in a shared
conceptual modeling setting to assure support for the strategy based upon the
analysis’ results.

In this chapter we will focus on the organizational aspect of knowledge and
especially on knowledge-related problems (see Figure 6.1.1). We will show
the application of a method that was developed to support task analyses
within the CommonKads framework (Schreiber et al. 1998, 2000). The
focus of this method is on the use of knowledge in organizations’
processes. We will use the method in an organizational change program
(which includes business process redesign) at the DTCA. The
organization’s top management initiated this program to increase flexibility
adaptivity, and knowledge productivity. The original method was adapted
slightly, since that version was focused on the use of knowledge (while
knowledge production was not taken into consideration, although this
aspect is equally important from a commercial perspective).
The approach that was taken in the organization change program consisted
of two knowledge-related abstraction levels:
1. The analysis level:
We used an analysis method to establish the use and production of
knowledge in the organization that was examined.
2. The application level:
We used the knowledge that was created from the analysis to decide
what further steps had to be taken in the organization restructuring
program.
The second abstraction level had the organizations’ management interest;
in the business case we wanted to use the method to determine the
organizations’ knowledge management strategy. To assure support for this
strategy we wanted to use the method in a conceptual modeling setting.
It must be stated that the task analysis method described in the
CommonKads framework does not match with many other task analysis
methods that are applied in e.g. the HCI field and user-interface design.
The aim of the CommonKads task analysis is to establish the knowledge
structures of actors in a certain domain. Many task analysis methods focus,
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however, on systems interaction and consequently use different acquisition
techniques as well as representation formats.
The knowledge-oriented process and task analysis method within the
CommonKads framework was not designed to support shared conceptual
modeling either. I will show that the adapted version we developed,
however, can be used that way if it is applied in the right setting.
Before showing the application of the adapted version of the CommonKads
task analysis method I will elaborate upon the relationships between
knowledge management and organizational change (Section 6.2). We
applied the method in an organizational change program where a strong
accent was put on the HRM aspects of knowledge management. In fact, the
managers that we worked with most of the time were the HRM managers of
the organization involved. In Chapter 6.3 I will therefore describe the ideas
and starting points of the organization from a competence management
perspective. In Section 6.4 I will describe the starting points we had when
we began to develop a practical knowledge management instrument suited
to solve the problems of the organization involved. The actual change
program is described in Section 6.5.

6.2.

Knowledge management and organizational change

Many publications on knowledge management consist of a hotchpotch of
ideas that do not prove to be of much practical significance and/or lack a
more fundamental theoretical approach. This may be due to the fact that
knowledge management is a rather young discipline. The many different
backgrounds of the authors may also be the cause of this phenomenon. It
is furthermore reflected in the advice given by consultants of a fast growing
number of organizations active in this field. It must be noted that the
accents that authors and researchers lay, depend on their background as
well as the type of organization they work for or that has been studied (see
also the Introduction chapter).
At this moment many people working in the knowledge management field
develop knowledge related analysis methods and tools. Many are meant to
gain insight into the actual situation (with respect to the knowledge-related
aspects) of the organization examined. An example of such a measurement
device is the one developed by Weggeman (1997). Many other authors
have produced such instruments mainly differing in the accents put on the
aspects that are ‘measured’ and ‘valued’. This kind of measuring is also
part of the ‘treatment’ that commercial knowledge management consultants
apply. These ‘instruments’ however are almost never validated and it is
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therefore questionable as to what extent they are good analysis
instruments. Even if these tools would provide organizations with means
that help them to analyze the essential aspects of their knowledge
infrastructure it does not provide solutions for eventual problems detected.
We may conclude, therefore, that much research gets stuck in the
theoretical stage and no empirical support for a theory about knowledge
productivity is delivered, while practical use of the ‘research’ conducted
thus far is very limited.
Yet special attention must be paid to the management of the extraordinary
production factor ‘knowledge’ that is of utmost importance for the business
processes of many organizations, especially knowledge intensive ones.
Furthermore, the recognition that knowledge is an important asset often
leads to the desire to redesign the organization from a product-oriented or
a client-oriented to a knowledge-oriented ore competence-oriented one.
The instruments that we found in knowledge management literature offers
little help with respect to business process redesign although we
experienced that the perspectives that knowledge management literature
offers can be used for inspiration.
Knowledge management instruments should however concretize the
knowledge related aspects and connect these to the aims of change in
such manner that operational activities, of which the effects can be
calculated beforehand and tested afterwards, can be based upon them. If
knowledge management could provide such instruments it could help an
organizational change program to keep on track.

6.3.

Competence management

In the introduction paragraph I stated that one of the focal points of
knowledge management is personnel. In management literature the
combination of management, knowledge and personnel is also known as
‘competence management’. Competence management is focused on the
individual actors in an organization and aims at improving performance. As
in knowledge management competence management is a rather broad
concept. Fletcher e.g. (Fletcher(1997) distinguishes 18 different
applications of competence management. Every application needs its own
specific definition of the concept ‘competence’.
The application of competence management has consequences for the
methods that should be applied as well as for the aspects that are
considered to be relevant. The applications mentioned by Fletcher are:
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Restructuring roles;
Controlling/measuring individual performances;
Controlling/measuring group/team performances;
Improvement of working processes;
Improvement of working procedures;
Execution of skill audits;
Execution of training needs;
Training design;
The definition of current role demands proceeding the applications
mentioned above;
The definition of future role demands proceeding the applications
mentioned;
Recruitment and selection;
Career development;
Succession planning;
Starting point for a new rewarding system;
Identification of mobility of employees throughout the organization;
Training evaluation;
Joining internal assessment to external accrediting;
Defining the demands for new roles or area of business.

Fletcher distinguishes competences from competencies. Competences are
about the work and achievements while competencies are about the people
who do the work. Competences describe the expectations about the work
achievements in terms of output. Competencies describe achievements in
terms of (human) behavior.
Since we aim at the design of practical knowledge management
instruments we have to integrate the different approaches depicted before
one way or the other. Knowledge analysis of business processes in
principle provides us with the knowledge-related aspects of the processes,
while the competence management approach provides us with the
knowledge-related aspects of the actors involved in these processes. The
latter model is called competence profile. While in many cases both the
process-oriented approach and the actor-oriented one are equally important
we have to find a way to integrate these two approaches, i.e. knowledge
analysis of business processes should offer the handles that competence
profiles can be connected to.
Modern management practices take the view that the output of the
personnel in the organization is the basis for controlling the human asset.
Many instruments exist to optimize the human resources. One of the more
‘hard’ instruments is ‘contracts’ that are the result of a negotiation process
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between the managers and their employees about their contributions to the
processes they are involved in.
In the DTCA for example the instrument Result Driven Management is
used. Concordant to this method managers and employees agree upon socalled Core Result Areas (CRA’s) and the aims that the employees should
achieve called Contribution Criteria (CC’s’). These agreements are made
on a team and unit level and described in management contracts. In fact
these management contracts direct the operational processes.
To be able to have insight in the effectiveness of the choices made
feedback mechanisms exist. Results of the actions taken are then
compared to the contribution criteria that were agreed upon. This task is
also a regular management task. To accomplish this task management is
supported by management information systems (MIS).
The reporting channels are mostly according to the organization’s
hierarchical levels. Different studies executed in the DTCA showed that
almost none of the functional working groups (such as e.g. knowledge
groups or project teams) made use of this feedback information or had
access to it. Yet regular management instruments are pivotal for knowledge
management. In turning a product-oriented organization towards a
knowledge-oriented one (as is the case in the IAB’s restructuring program
that will be described below) specific attention has to be paid to this aspect.

6.4.

The development of a practical knowledge management
instrument

In the first section of this chapter I pointed out that in knowledge
management we have to connect the individual perspective to the
organizational one. We will try to establish this connection matching a
process and task analysis approach to establish the knowledge needed and
available in the organization with an HRM-framework that contains
competence profiles and allows competence measuring (see Figure 6.4.1).
The relationship between the organization’s needs (formulated using
process and task analysis) and possible individual contributions to them
(described in or deductible from competence profiles) are the input when
answering questions in the following fields:
1. Education:
The educational needs (content) follow from the difference in the
knowledge needed for task performance and the employees’
competences. The form that is suited for diminishing the education
deficiency depends on the competencies of the employee involved (i.e.
attitudes, meta-cognitive skills, preferences etc.).
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Organization (re)design:
Task assembly, coherence between these tasks and embedding in the
business processes play an important role in organization design. To
be able to make the right choices, location and time specific demands
of tasks and processes are taken into consideration. Also possible
infrastructural support (information technology included) and the
possibilities of the human resources have to be considered (see e.g.
Van Engers 1997, 1998). The knowledge management instruments
need to give insight in both task and task-context related (knowledge)
bottlenecks and the power of the labor market.
Information planning:
As stated in the previous point, the information provision needed
depends on the organization form chosen as well as on the process
and task demands. The design of the information systems depends
furthermore, as I will show in Chapter 4, on the specific meta-cognitive
skills of the actors involved. Not every information provision is suited to
every cognitive style (Pask 1976).
Task allocation:
When solving task allocation problems one should match the available
human resources with the organizations needs. Besides the
competences needed, competencies play an important role especially if
intensive co-operation with others is needed for goal achievement.
Multi-disciplinary collaborative teams are quite usual in modern
organizations. Consequently criteria that help us to perform task
allocation correctly are quite important.

To make choices with respect to these questions is a regular management
task. In prevailing knowledge management literature, however, the
relationship between knowledge management and regular management
tasks is barely mentioned.
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Figure 6.4.1. Scheme: The design of knowledge management instruments. These
instruments have to connect the individuals’ perspective to the organizational one.

6.5.

Changing an organization of professionals into a professional
organization

In 1998 we had the opportunity to facilitate a business redesigning process
in one of the directorates of the DTCA responsible for the internal auditing
processes (IAB). Before describing the analysis method and the way it was
applied in this specific setting I will depict the organization in which the
method was applied.
The directorate IAB is responsible for the execution of independent
assessment of control measurements and the realization of control and
implementation policy. Furthermore, the IAB is responsible for the
assessment of the financial statement of the DTCA. Part of the control
measurements concerns the quality of the DTCA’s knowledge
infrastructure. The DTCA’s manual “Organization Management” (internal
publication 1998) describes the task of the IAB:
•
The assessment of the degree to which the quality demands as
formulated by the DTCA’s units fits into the macro and meso
frameworks, are a response to the policy space that is allowed for the
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units and if they differ in how far this is granted. (“de beoordeling van
de mate waarin de door de eenheden geformuleerde kwaliteitseisen
passen binnen macro- en mesokaders, invulling geven aan de gegeven
eigen beleidsruimte, dan wel indien ze afwijken in hoeverre hiervoor
toestemming is verleend”);
The assessment of the degree to which the quality demands are
embedded in the internal organization and the principles for the internal
assessment (“beoordeling van de mate waarin de kwaliteitseisen zijn
ingebed in de interne organisatie en in de uitgangspunten voor de
interne controle”);
The assessment of the degree to which the quality demands are met in
the actual fiscal treatment (“de beoordeling van de mate waarin de
kwaliteitseisen ook bij de feitelijke fiscale behandeling zijn toegepast”);
The assessment of the degree to which the internal assessment
measurements are applied and in how far the consequent results were
used to adapt the situation (“de beoordeling van de mate waarin de
interne controlemaatregelen zijn uitgevoerd en de resultaten daarvan
hebben geleid tot eventuele bijsturing”);
The assessment of the degree to which previous demands of the IAB
have led to adaptation of quality demands, internal organization and
internal assessment (“de beoordeling van de mate waarin eerdere
aanbevelingen van de IAB hebben geleid tot aanpassing in
kwaliteitseisen, interne organisatie en interne controle”).

The IAB consists of the Directorate already mentioned with supporting staff,
an operational unit and two satellite offices (Eindhoven and Meppel). The
operational unit consists of three sectors:
1. Financial Audit;
2. EDP Audit;
3. Operational Audit.
The sector Financial Audit (FA) is responsible for auditing the annual
reports of the DTCA’s local units. These audits are executed to establish
the design, the existing and adequate execution of the administrative
organization and internal audit processes. Furthermore, the sector FA
delivers consultancy and gives advice on how to improve the problems
detected. The latter role is important for knowledge management. Detected
problems should be an important information source for the learning
processes of the DTCA’s units. This learning concerns especially the
effectiveness of the DTCA’s client handling, i.e. the way in which the DTCA
is effective as law enforcement organization.
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The sector Operational Audit (OA) executes similar tasks as the sector FA.
However, this sector is merely focused on internal business policy. The
sector EDP Audit is placed in the department Automation and Audit of the
DTCA’s Automation Department (B/AC). EDP Audit is responsible for the
assessment of the central administrations and the B/AC’s operations.
Since knowledge productivity is the starting point in this research we focus
on the relationships between the advice given by the sectors OA and FA.
We are furthermore interested in the way that knowledge about the client
organization of both sectors (both OA and FA have the DTCA’s units as
clients) is shared and is used to increase the IAB’s knowledge productivity.
When we started our research the IAB was preparing a reorientation of the
IAB’s internal business processes. The activities to accomplish the
organizational redesign started in March 1998. In November 1998 the
vision with respect to the organizational redesign was depicted and
communication activities with the employees were started up. All four IAB’s
sectors were involved in the restructuring program. This means that with
the restructuring about 140 fte’s were involved.
With the restructuring program the IAB’s management aimed at solving a
number of problems. The IAB consists of many different disciplines and
experts from different fields. In some occasions it is necessary to mobilize a
combination of expertise to be able to deliver a product with the desired
quality. In this matter the boundaries between the different sectors are
experienced as an obstacle. This hinders the IAB in satisfying their
customers’ needs adequately. The impulse for the restructuring process
comes from the IAB’s management. From this we may conclude that the
IAB is already client oriented to a certain level and merely focuses on its
internal processes to further improve their services.
According to the vision depicted the IAB will consist of four knowledgeoriented groups (conform the existing sectors) and a few product-oriented
groups. This choice implies that the IAB’s management has chosen to
develop the IAB as a matrix-organization. The employees will be directed at
a strategic level by the IAB’s management following a ‘strategic agenda’
and the priorities in it will be controlled by a function to be created called
‘program management’. The allocation of (human) resources will become
the task of the HRM function. This HRM function will also be responsible for
knowledge creation and personnel development.
The IAB’s challenge is to develop an organization in which professionals
can contribute optimally to the IAB’s results.
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CommonKads revisited: knowledge analysis and scenario
development in practice

We have chosen to first analyze the business needs of the IAB (and
especially the knowledge-related ones) and therefore we applied an
adapted version of the task analysis method that was originally developed
within the CommonKads framework (Schreiber et al. 2000, Chapter 3). This
is one of the most accepted analysis and design method frameworks in the
knowledge engineering and management field and many analysts are
familiar with its concepts. To be able to design knowledge productivity
strategies insight in the processes, tasks and the environment of the
processes and tasks is needed.
The analysis process applied consists of four phases:
1.
Process identification;
2.
Global knowledge survey;
3.
Knowledge logistic survey;
4.
Knowledge characterization.
According to the CommonKads method in each step worksheets are used
that employees and managers of the organization in which the analysis
takes place fill in. The information from those work sheets is used for
planning activities and designing knowledge processes.
6.6.1.

Process identification

We applied the CommonKads task analysis method in the Internal
Accounting Department of the Dutch Tax and Customs Administration (IAB)
to support the organizational change program. One of the goals of this
program was alignment of the IAB’s audit processes. To conduct the
restructuring process a task force (change team) was created. This change
team consisted of 7 members; four representatives of the management
team and 4 representatives of the employees. The deputy director was
formally in charge of this group, but did not attend the meetings we had
with this group. My team consisted of three people (including one doctoral
student).
The first phase was carried out in two steps. First, we had a three hours
meeting with the change team. After a short introduction of the
CommonKads analysis method and its aims we filled in a ‘process
identification’ work sheet (see Figure 6.6.1.1.). In this sheet the main
processes, the processes these main processes consist of, the targets of
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these processes and the context and prerequisites in which these targets
must be reached were described. For one sector (the sector EDP audit) we
filled in all main processes and a few sub-processes together.
After this ‘exercise’ the three managers (representing sectors FA, OA and
EDP) in the meeting were asked to complete the forms with the processes
they were responsible for (the processes of SERB were described by an
employee of the sector OA that had broad experience with the processes
that SERB is responsible for). The managers went to their offices and
completed the forms supported by some of their employees (1 or 2). We
were told that this took approximately one 3- or 4-hour session (total effort
1 personday).
The completed forms were sent to us and we integrated the separate
forms. In the subsequent meeting we discussed these integrated process
descriptions with the change team. One of the conclusions of that meeting
was that quite a few processes were almost similar. The processes of
intake, reporting and planning e.g. occurred in almost all main processes.
These processes were very similar, with the exception of small details. The
observation of this similarity supported the idea behind the organizational
change program and the alignment of the IAB’s processes seemed
attainable.
After discussing the integrated global process inventory the sheets formed
the input for the next meeting for which we invited representatives of the
middle management and one employee of each of the four sectors. In this
meeting we explained how we made an inventory of the organization’s
processes and we introduced the next step in our analysis: the global
knowledge survey.
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Figure 6.6.1.1. Example of a worksheet describing the main processes and its subprocesses.
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Global knowledge survey

The global knowledge survey was carried out by middle managers and
supported by one or two employees. We used similar work sheets. In these
sheets we described the following aspects:
1. The process identification (a unique name);
2. The tasks the processes consist of;
3. The person(s) responsible for the task execution;
4. The location where the task is executed;
5. The knowledge that is used in the task;
6. The knowledge that is produced;
7. The measure of knowledge intensity (a five point scale from low to
high);
8. The (relative) importance of the task (in relation to the near higher
process expressed on a five point scale from low to high).
In the first meeting with the responsible middle-managers and their
employees we introduced the method in a similar way to how we introduced
the global process inventory sheet (this was the third meeting in this
process analysis course). Again we filled in the forms for a few processes
derived from the previous step (see Figure 6.6.2.1.).
After this meeting they went to their offices and completed the forms. The
completed forms were sent to us. This step was combined with the
following one; the knowledge logistic survey. We were told that these steps
together took each team approximately 4 hours (1 fte-days) to complete.
The aspects 6, 7 and 8 were added to the original CommonKads form. The
knowledge that is produced also proved to be relevant. Organizational
learning supposes that a large part of the knowledge stems from the
execution of processes. This knowledge can be used to improve the current
processes but can also help in creating new products or services.
The measure of knowledge intensity and the relative importance of the
tasks were used in the later phases to define priorities in the improvement
activities.
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Figure 6.6.2.1. An example of the Process Analysis Sheet.

6.6.3.

Knowledge logistics survey

In the knowledge logistics survey we described the following aspects:
1. The necessary knowledge to be able to execute the task;
2. The knowledge produced in the task;
3. The persons involved in the task execution;
4. The task where the knowledge produced was used;
5. The appropriateness of form of the knowledge;
6. The appropriateness of the location;
7. The appropriateness of the moment the knowledge becomes available;
8. The quality of the knowledge.
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In the meeting with the responsible middle managers and their employees
we filled in the knowledge logistic survey sheets for a few knowledge
intensive tasks. After that exercise the members completed the forms as
described in the previous paragraph.
We used these sheets in interviews that we held at the IAB’s offices, i.e. in
the work environment of the employees. These interviews were held for
every sector and took approximately 4 hours each. During these interviews
we discussed the material and the middle-managers and the employees
made clear the things we did not understand or that were not mentioned
before since they belonged to the culture of the IAB (‘the things everyone
knows over here’). We used the knowledge characterization sheets merely
as structuring format for the interview reports.
6.6.4.

Knowledge characterization

The knowledge characterization forms were used to describe the
knowledge used and produced as depicted in the previous step. In this step
we distinguished knowledge from information (see Figure 6.6.4.1). This
distinction is not commonly made in the intuitive application of the concept
knowledge. We did not want to put a burden on the employees of the IAB
with this philosophical debate, so we used the intuitive concept in the
analysis. For each knowledge domain we described bottlenecks or things
that could be improved.
From our interviews based on these worksheets many knowledge- related
problems were made explicit. Some examples of remarks made by the
employees were e.g.:
‘…at this moment the audit managers have knowledge about their
employees in their heads…’
‘…you have to know your employees to be able to understand their
remarks…’
‘… assessment of management letters is typically done from a distant
location and is consequently more global and merely focused on the
language used’.
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16. Other
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Figure 6.6.4.1: Knowledge characterization. To distinguish different types of
knowledge and to discriminate knowledge from information; we used a form that
contains 21 questions.

In this way we discovered 26 organization development points. These
points were grouped in eight categories and put in a worksheet that we
used in a scenario development meeting with the management team.
The categories we made were:
1. Capacity;
2. Client environment;
3. Knowledge and skills;
4. Knowledge sharing and information exchange;
5. Objectivity;
6. Satisfaction of employees;
7. Perceptions of others;
8. Programming.
An example of a development point belonging to category 1 was that
training of new personnel is rather time-intensive (it takes approximately a
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year before a novice can work completely independently). An example of
category 2 was the fact that clients do not know what they may expect from
the IAB (e.g. when a client asks for a Information Systems Audit (ISA) they
only have a rather rough idea of what ISA is and therefore it takes a lot of
time to explain this to the client and to formulate the audit’s aims together
with the client). An example of a development point from category 4 is the
perception of the IAB that individuals lack knowledge about the
competences of employees that work in other departments of the IAB.

6.7.

Scenario development

The scenario development meeting consisted of the management team
members (under supervision of the CEO of the IAB) and employees council
representatives.
The organization development points were presented in worksheets (see
Figure 6.7.1.) that the attendants of the meeting received at their home
address, a few days before the meeting. They were asked to read and
complete the worksheets.
From each organization development point we described the place(s) in the
organization were the phenomenon occurred most (or was the most
urgent). We asked the attendants if they recognized our observation (they
could answer yes, no or partly). We asked the relevance in the current
setting and in the future situation (we used a five-point scale from highly
relevant to not relevant). We also asked if any action was planned with
respect to the organization development point.
The reason that we asked the attendants to fill in the forms individually is
that we wanted to avoid the influence differences in power could have on
the result of the scenario development process. These differences exist
and are typical for hierarchical governmental organizations, ‘the boss is
always right’, but we wanted to gain insight into perceptual differences and
possible hidden agendas.
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Training new staff is rather time and labor intensive; it takes a year before a new
employee is completely skilled
Occurs

Recognizable

Actual relevance

Future

Planned activity /

mainly in

observation

1= high, 5 = low

relevance

possible solutions

sector:

yes/no/partly

XX

Yes

1= high, 5 = low
3

1

Acquiring new
staff on a regular
(annual) basis.
Better initial
education
programs.

Occurs

Recognizable

Actual relevance

Future

Planned activity /

mainly in

observation

1= high, 5 = low

relevance

possible solutions

sector:

yes/no/partly

1= high, 5 = low

Knowledge about employees working in other sectors is lacking
XX

Partly

2

1

Competence
matrices

…

…

…

…

…

Figure 6.7.1. An example of an organization development points sheet.

In the meeting we spent some time ‘counting the votes’. In the discussion
we focused on the points the attendants had very different opinions about.
This shows from the heterogeneity of the attributes in the development
point sheet (see Figure 6.7.2.).
Observation

Recognizable Actual

Standard

Future

Standard

observation

relevance deviation

relevance deviation

yes/no/partly

1= high,

actual

1= high,

5 = low

relevance

2.78

1.34

Knowledge about Partly

5 = low
1.11

Resume

future
relevance
0.76

Very relevant

employees

and relevance

working at other

is increasing

sectors is lacking
Figure 6.7.2. An example of the analysis of the organization development points
sheet.
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These discussions on the points the attendants had valued differently (a
high standard deviation indicates heterogeneity in opinion) were particularly
helpful and explicit in making clear the different mental models that these
managers had. The discussions helped to create a shared conceptual
model concerning the things that were really important for the IAB and
those that were not. In fact we used the method to make the strategy clear
and to create alignment. Before doing this session the attendants were
convinced that they already had a shared conceptual model (with respect to
the IAB’s strategy).
In the second part of the meeting we reflected upon organization
development points that were considered to be relevant in the future
situation. By ‘counting the votes’ we established for example that everyone
recognized the problem of training new personnel. The actual average
relevance (varying from 1-5, 1 being very relevant to 5, not relevant) was
2.11 (sd 0,99), while the future relevance was also 2.11 (sd. 1.29). The
overall conclusion was that this point definitely warranted serious attention
and the HRM-managers were asked to develop a strategy to shorten the
training period and improve coaching. We also observed that little is known
about the competences of employees of other IAB departments (average
actual relevance 2.78 sd. 1.34, average future relevance 1.11, sd. 076).
From the figures we may conclude that the severity of this specific problem
is considered to be increasing.
The overall conclusions that were drawn in this meeting were that the
detected knowledge related problems could not be solved by infrastructure
measurements (like ICT) alone. We agreed that the most important step we
had to take was the development of a HRM-strategy that would stimulate
knowledge development and sharing (and consequent use of infrastructure
supporting knowledge sharing like the group ware system that was
available) and would also improve work satisfaction (we observed that the
routine character of certain tasks was a threat to work satisfaction).
The opinion of the HRM-managers attending the meeting (and the others
agreed) was that the current function building needed an update to be able
to support the stimulation knowledge creativity and individual development.
This new function building should also provide the anchor points for a new
management strategy that aims at the improvement of knowledge
productivity. Such a function building and the management strategy had to
fit in the boundaries set by the Ministry of Internal Affairs, responsible for
overall personnel policy of all governmental organizations.
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We also used the CommonKads process and task analysis to establish the
knowledge chains in the organization (something the method was originally
designed for, amongst others). This helped us to identify the most plausible
co-operation relationships, which helped us to define the virtual working
groups needed for sharing and developing new knowledge, but this is
beyond the scope of this thesis.

6.8.

Designing a new function building from a knowledge
productivity perspective

From the task analysis we draw the conclusion that knowledge creation and
dissemination was a serious problem for the IAB. The IAB could already
make use of different communication channels that allowed time and place
independent working (email and electronic dossiers support by Lotus
Notes). Nevertheless, the availability of this infrastructure would not result
in higher knowledge productivity on its own. Therefore, we developed an
HRM-strategy that would stimulate knowledge creation and exchange. This
strategy was developed in a small group that consisted of the two HRM
managers, the HRM advisor, a union representative, a representative of the
employees (that already had some HRM experience from a previous job)
and my knowledge management project team.
We reflected on the different conclusions from the task analysis and
concluded that almost no exchange between departments took place. The
function descriptions at the IAB did not stimulate employees to look beyond
the borders of their jobs either.
We also concluded from the task analysis that the training of novices
needed serious attention while the more experienced employees kept their
knowledge to themselves.
We decided to design a new function building in such a way that:
•
It would differentiate job maturity;
•
It would encourage task flexibility;
•
It would consist of task descriptions that give ‘the message’ that we
want the employees to be knowledge productive;
•
It would stimulate personnel development and growth;
•
It would fit in boundaries set by the Ministry of Internal Affairs.
From our task analysis we already learned that despite the many
differences (especially if we look at detail-level) in the tasks performed at
the different departments the processes and tasks were also similar in
many aspects.
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We had two four-hour meetings with the HRM-team in which we reduced
the number of specialist task description from more then twenty to four
categories related to the education level needed to perform the job
(education-level is also the basis for the job valuation system used by the
Ministry of Internal Affairs). Within these categories we distinguish three
maturity levels; starter, professional and expert. This way only 12 function
descriptions remained. We described the expectations we had for job
performance in terms of output criteria. These criteria make clear what we
expect from the employee and are the basis for discussions between the
employees and their managers.
According to these criteria novices would merely be judged on their
learning abilities and their ambition while professionals would be judged on
their quantitative and qualitative production contributions and experts on
their contribution to explicit their knowledge, development of new
knowledge and coaching activities. In line with this function building we
decided that the experts would be given more freedom to develop new
knowledge (e.g. by working in projects outside the IAB, attending
conferences etc.) as long as the organization could benefit from this as
well.
The ICT infrastructure facilitating GroupWare (e.g. discussion groups and
digital publishing) would be exploited more effectively, stimulated by the
HRM-approach we took. The experts now are expected to contribute in the
discussion groups, address new topics and take initiatives to contribute to
(internal) publications, while the novices are stimulated to follow the
discussions between the professionals and experts.
Besides input for the HRM-development process the results from the
CommonKads process and task analysis helped us to define the virtual cooperating groups that needed to develop and share their knowledge.
However, this is not surprising since it is the aim the method was originally
designed for.

6.9. Conclusions and discussion
Knowledge management is management i.e. with a specific focus on
knowledge-related aspects. In the business case described we tried to
incorporate knowledge management within regular management. We
furthermore tried to connect the individual perspective to the organizational
one. We have used the process and task analysis method from the
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CommonKads framework to capture the knowledge-related problems of an
organization and developed an HRM framework that contains competence
profiles and handles for competence measuring.
The CommonKADS process and task analysis method helped us to bring
focus into the HRM-development process. The CommonKads process and
task analysis method was originally designed to establish the knowledge
chains in the organization amongst others. Therefore, it is not surprising
that this helped us to identify the most plausible co-operation relationships.
Consequently this helped us to define the virtual working groups needed for
sharing and developing new knowledge.
The way we applied the analysis method within the organizationrestructuring program helps to create a shared conceptual model of the
organization and its basic values, the role of knowledge and the way people
interact within the organization.
We did not know the specific contribution of the CommonKads method to
this shared conceptual model. Perhaps the most important contribution was
in creating a setting in which managers and their employees had to reflect
on their work, talk to each other about their problems and think about and
share solutions.
The managers involved in the business case experienced that from such a
shared model it is much easier to agree upon the strategic direction in
which the organization should develop and it makes the discussion more
objective (everyone can see what the disagreements are). The method
proved to be a useful instrument supporting the development of knowledge
management scenarios. We actually did design an HRM framework and
redesigned the function-building of the organization involved. Although we
have not been able to ‘prove’ the adequacy of this HRM framework as of
yet, the first experiences with the new function building are very promising.
The new designed function descriptions have already been used as a basis
for personnel advertisements and the middle managers are satisfied with
the handles they offer for making employee development agreements.
However we do not know yet in how far the HRM framework will increase
the willingness to develop new knowledge and share it with other
employees, although we may expect that the awareness that knowledge
(development) is important has an effect on its own as well.
The method proved to take relatively little effort. The analysis and design
took less than 10 meetings and less than 100 fte-days. The method allowed
user participation; in fact, the biggest part of the analysis was performed by
members (both employees and managers) of the organization, to be
analyzed after only a short introduction of the method. This helps to keep
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the costs under control as expensive analysts and/or consultants do not
have to be hired and the organization itself ‘learns’ from their own situation
(reflection). Because members of the organization that was modeled
carried out most of the modeling, we also may expect support for the
scenarios that were consequently developed.
The extensions made on the original method (especially the focus on
knowledge creation) proved valuable. These extensions help to gain insight
in the knowledge chain (knowledge being created at one place and used in
another, etc.). This extension will be even more important for organizations
that have a commercial interest in creating new services and products
(which is definitely not the case in the DTCA).
The creation of a shared conceptual model can go hand-in-hand with
rational analysis methods if the setting in which the method applied is
created for that purpose. Commitment of the organization’s (top-)
management and availability of representatives of the organization,
however, are absolutely required.
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Facilitation of business process redesign by
constructing a shared conceptual model: POWER4

Abstract

The Dutch Tax and Customs Administration (DTCA, in Dutch:
Belastingdienst) conducts a research program POWER in which methods
are developed that support a systematic translation of (new) legislation into
the DTCA’s processes. This program combines two frequently separated
approaches in the knowledge management field; the stock or codification
approach and the flow or organizational approach. The POWER program
shows some preliminary results indicating that the methods, although still
under construction, already have added value. The methods developed
help to improve the quality of (new) legislation and codify the knowledge
used in the translation processes in which legislation and regulations are
transformed into procedures, computer programs and other designs. The
transformation processes developed thus far facilitate the experts (in many
cases working in knowledge groups) involved in these processes by
providing them a focal point. Working together in the POWER-processes in
which the POWER methods are applied, these experts can be expected to
develop a common mental model (and concordant vocabulary). Working in
this way their knowledge and assumptions are made explicit and a
corporate knowledge corpus is created. This knowledge corpus is designed
in such way that its content becomes traceable (needed when old
knowledge proves to be inadequate) and can be certified to be applicable
(needed to guarantee adequate, up to date knowledge and consequent
equality before the law). The methods used and the ways these methods
are supported and applied help knowledge workers involved in the
implementation of new legislation also develop a shared mental model of
the implementation process itself.

7.1.

Improving the implementation chain of legislation

.........................
4 Parts of this chapter were published in IEEE Intelligent Systems (Van Engers and
Glassée 2001).
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Drafting and implementing new legislation is a rather time-, energy- and
money-consuming process. The many inter-connected processes and the
large number of people involved make it very vulnerable to errors. Varying
interests have to be aligned and communication difficulties due to
differences in technical jargon have to be overcome in both drafting and
implementing changes to legislation or even drafting completely new
legislation. The knowledge and experience needed to create new laws,
specify, design and implement procedures and systems in legislative
domains is very scarce. However, making the right knowledge available at
the right place at the right time is a critical success factor for the ability to
effectuate the legislative power to regulate and control.
The Dutch Tax and Customs Administration (DTCA) has started the
research program POWER (Program for an Ontology-based Working
Environment for Rules and regulations), that aims to develop a method and
supporting tools for the whole chain of processes from legislation drafting to
executing the law by government employees.
The POWER program has its background in the DTCA’s earlier experiences
with knowledge-based systems. The DTCA has built knowledge-based
systems for many purposes, especially supporting compliance risk
assessment and tax-payer case diagnosis and selection, since 1989. These
knowledge-based systems proved to be useful by themselves, but perhaps
even more important were the side effects caused in creating them. We
found that the specification process in which experts from different
disciplines and backgrounds were involved helped to make knowledge
explicit that would otherwise have remained implicit. The knowledge could
furthermore be specified in a way that made it easier to establish its
validity. In addition to improving the efficiency of constituency treatment in
its operational units, the knowledge-based systems served primarily as a
dissemination vehicle allowing the DTCA to make more effective use of the
knowledge of its sparse experts, while improving the quality of law
enforcement in its operational units. Quality of law enforcement is defined
as satisfaction of the constituency with the adoption of the principles of
equality before the law, predictability of law enforcement and proper use of
authority by law enforcement agencies.
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Figure 7.1.1: The POWER-program aims to support the whole chain of processes
from legislation drafting to implementing law enforcement.

The POWER program elaborates on this insight. Central in the POWER
research program is the POWER method (see Figure 7.1.1). This method is
based on conceptual modeling of legislation and regulations into formal
legal specifications. We want to produce representations of legislation that
computers can reason with. A set of coherent specifications can be
delivered as a ‘knowledge component’. A component is defined as a
coherent package of software artifacts that can be independently developed
and delivered as a unit and that defines interfaces by which it can be
composed with other components to provide and use services (D’Souza
and Wills 1999). Conceptual models, combined with task models, can be
used, for example, in:
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Anomaly detection:
The conceptual models can be verified with a knowledge verification
tool developed in the POWER program. Verification is defined as the
detection of potential defects (anomalies) in formally represented
knowledge (“building the system right”), as opposed to validation,
defined as establishing the correctness of formally represented
knowledge with respect to expert judgment (“building the right
system”). This way legislation and regulations can be checked
automatically for potential defects such as incompleteness,
redundancy, contradictions and reasoning loops.
Simulation of legislation effects:
By using the knowledge components on appropriate data, the
consequences of legislation and regulations can be simulated. The
simulation can be performed on a micro, meso or macro level (i.e. for
individuals, groups (social, ethnic, etc.) and the entire constituency).
When there are insufficient real data available, fictitious cases can be
constructed automatically, assuming, for example, probability
distributions of data or well-chosen experimental data. This capability
can be applied for testing and validating the knowledge as well.
Data modeling:
The data necessary to apply these knowledge components (for
example income, household-situation, etc.) can be derived from the
conceptual models of legislation and regulations. This information
inventory describes the minimal information that must be acquired,
retrieved or derived to be able to enforce the law. The information
inventory can support the development of information collection
processes, as well as the evaluation of law enforceability with respect
to reliability and collection of required information.
Specification (of knowledge-based systems):
Knowledge-based systems can support the application of legislation
and regulations to specific cases. The knowledge components contain
the reasoning necessary in the enforcement organizations’ operations.
These knowledge components form the core of such knowledge-based
systems. Other components are data storage, data access, graphical
user interface, security, workflow etc.
Software that supports complex reasoning tasks such as the
calculation of the income tax due and the assessment of pension
letters in order to detect if any norms are violated, are examples of this
type of application.
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Although the POWER method translates legislation into formal
specifications, knowledge elicitation of experts is performed as well. The
knowledge elicitation occurs at a systematically chosen time and serves
only to complete and validate the models. The knowledge that is reflected
in the legislation and the knowledge that we elicit with the experts are
captured in a model. This knowledge corpus is used to improve the quality
of the knowledge itself, and disseminated for further use.
The DTCA strives for the following goals developing the POWER research
program:
•
Improve legislation quality 5;
•
Streamline legislative drafting effort;
•
Improve quality of law enforcement;
•
Reduce law enforcement implementation time;
•
Reduce law enforcement implementation effort;
In the following section the POWER method developed so far will be
explained and its application on a part of the recently revised Income Tax
law (Belastingherziening 2001) will be demonstrated. In section 7.6. and
7.7. I will describe our experiences with an application based on the Wage
tax.

7.2.

The POWER process

Overviewing the POWER process it consists of iterative sub-processes:
1.
Translation of legislation and regulations in conceptual models,
including completion of the models by expert knowledge elicitation
(see Figure 7.2.1);
2.
Re-factoring of conceptual models into coherent conceptual
models;
3.
Verification of conceptual models, including the detection of
incompleteness and identification of missing legislation and
regulations;
4.
Generating knowledge based components for application
frameworks, creating knowledge based systems that can be
delivered for implementing law enforcement;

.........................
5 Legislation quality is defined as absence of anomalies, law enforceability, and
effectiveness in obtaining intended effects.
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5.

Testing and validating knowledge components, including the
involvement of experts for certification of the knowledge
components.
The order of the sub-processes may depend on the route chosen by
specific legal drafting or law enforcement implementation projects.
Whatever the route chosen, eventually, the legislation, conceptual models
and knowledge components will establish traceable refinement
relationships.
The modeling language used is a proper extension of the ICT industry
standard Unified Modeling Language (UML), largely based on version 1.3,
but including some proposed features of the upcoming version 2.0 that are
particular to Catalysis services (D’Souza and Wills 1999). Part of UML 1.3
is the Object Constraint Language (OCL), which is used to express
constraints that apply to the model.
However, the UML provides a very wide expression capability to
accommodate several systems development methods, e.g. Rational Unified
Process (Kruchten 2000) and Catalysis (D’Souza and Wills 1999).
In order to obtain a well-defined translation process, we have to describe
both the modeling conventions of the POWER method, which delimit a
subset of the UML, and the extensions made to the UML, within the method
and the translation process. In POWER, we use a translation process that
is a somewhat adapted and more rigidly described form of Catalysis
business modeling. The difference is due to:
•
The deliberate absence of business process information in
legislation, which is more often than not left for the law
enforcement agencies to set up as effectively as possible, albeit
compliant to the legislation;
•
The enhanced uniformity of conceptual models, delivered and
required by the automated tool support of the POWER method;
•
The particular features of the legislative domain, mainly the explicit
references whereby a structure block in legislation (e.g. a chapter,
article) refers to related structure blocks, combined with the need
to create an independent model of each structure block for
traceability purposes.
The structuring concept of UML is the package. Packages are the container
concepts that delimit a part of a model. Packages have an hierarchical
containment structure, and each nested package can reference the model
items (such as other packages) contained by the nesting package. Other
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model items can only be referenced if the containing package of the model
item is imported in the package; the nesting package is implicitly imported.
In the translation step, each structure block of the legislation6 (e.g. law,
chapter, section, article, sub, part, sentence) is translated into a package.
The hierarchical relationship of legislation structure blocks is reflected in
the hierarchical nesting of packages, and an appropriate name is chosen
for each package. In the translated conceptual models, we do not import
any related packages to preserve traceability. Hence, each package has to
be expressed with the model items of the package itself and of the nesting
packages. This translation of structure provides a clean and traceable way
to transit from a semi-formal legislation to a completely formal specification,
while exploiting the specific features of the legislative domain, as compared
to business modeling in general.
In order to preserve the non-import modeling, we extended the UML with
the concept of a package reference. Package references model the explicit
reference of one structure block to another structure block. Since we
cannot import the package that corresponds to the referenced structure
block, the reference is translated to a package reference model item. This
allows us to include structural defects in legislation into a first conceptual
model, e.g. if it cannot be determined which structure blocks are
referenced.

.........................
6 The names and kinds of structure blocks depend on legislative culture: it is related to
the authoring legislative body or country in a certain time period. Since conceptual
models and the translation process have to be applied regardless of legislative
culture, both the conceptual model formalism and the translation process description
have to remain culture-free.
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Figure 7.2.1. The POWER modeling process. Legal sources are translated into
formal specifications (the conceptual model). Expert knowledge is used to extend,
complete and validate those conceptual models. The models can be re-factored
before being used in e.g. knowledge-based systems.

Taking a brief digression to the other processes, the verification process
can automatically detect this type of defect for a large proportion of
references. In the re-factoring process, we will construct new packages that
import both translated packages and other re-factored packages. The goal
of re-factoring is to integrate a set of coherent specification packages into a
set of complete, consistent specification packages that can be generated
as a knowledge component. The package references contribute in
calculating coherence heuristics.
Next, we use Catalysis business modeling to describe the domain
expressed in any given structure block. We select the structure blocks to be
translated economically, based on expert judgment, and exploit the
package structure to maintain a record of the modeling status of each
structure block. A versioning system can be integrated with the modeling
tool to achieve this. Project status can be automatically tracked, as well as
the version traceability between legislation and conceptual model. Version
traceability allows us to translate the model as soon as a concept version of
legislation becomes available, picking up changes as legislative drafting
continues. This causes the modeling task to overlap the legislative drafting
and approval task. The legislator can correct reported defects before the
legislation is approved, and total project duration is reduced.
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Catalysis models the business domain with types and attributes only, which
is only a small subset of the UML. Doing this, the domain model will
describe a minimal set of specifications, staying clear from design issues.
The specification allows us to identify exactly whether a given design
conforms, without excluding a priori any potential alternative designs that
may conform. In order to preserve minimal modeling, we can only specify
the information required to conduct the legislative reasoning, using object
types and attributes. Associations are considered inverse pairs of attributes
that relate object types, and hence are a special case of attributes.
Types and attributes do not model stored data, but they model information
that must be derived from collected data, i.e. any design7 of collected data
must prove that this information can be calculated using the data. This
proof is called refinement of the abstract information in the domain model
into the concrete or realized data.
The translation is completed by capturing the legislative reasoning with
static invariants, relating the types and attributes of the package with a first
order predicate logic. Invariants are expressed using OCL. In order to work
with the extensions to the UML, OCL is extended as well, with logical
operators for package references. Static invariants are used to preserve the
independence of the model from a task model. In practice, the task model
and the conceptual domain model will be developed simultaneously. The
task model will determine the set of structure blocks required in the model,
but the conceptual domain models will also influence the tasks to be
designed in executing the law in governmental agencies. Often, several
tasks will be concerned with different aspects of the same conceptual
domain model.
Modelers typically have no legal background. Hence, they must check often
with legal experts, who are familiar with the legislative culture, to validate
the formal interpretation of legal structure blocks in the model. During this
in-translation validation, the modelers attempt to detect standard
interpretations in the legislative culture, identifiable by typical legal
.........................
7 The definition of design is the creative process of coming up with a well-structured
model that optimizes technological constraints, given a specification. An example can
clarify this: legislation will often refer to a person’s (type) age (attribute) in its
reasoning, while it makes more technological sense to collect birth date and
applicable date of the legislative reasoning. The age can be mapped to the difference
of both, rounded down to whole years.
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phrasing. These standard interpretations and typical legal phrasing, are
then described with the corresponding formal models, and called translation
patterns.
The in-translation validation with legal experts will also uncover semantic
anomalies in the legislation (see also Kordelaar 1996). Semantic anomalies
can occur if the rules used in the legislation or regulations lack clarity. In
the POWER-translation processes detected anomalies are reported to
legislators.
Traceability is an important feature in the POWER method because in legal
domains we need to be able to point at the sources of our knowledge at
execution time (to be able to motivate our decisions). If we preserve the
refinement between the original legal sources (e.g. a specific article in a
specific law or a part of case law) we are also able to make impact
analyses when we have to make changes in existing legislation. We use
the same references in the communication process with legislation drafters
who are likely to understand legal texts better than formal representations
(e.g. when validating models or reporting anomalies).
The conceptual model containing the formal specifications of a specific
legal domain can be generated into a knowledge component for a modeled
task, that is executable by computers. These knowledge components form
the basis for a test against syntactic requirements, i.e. the verification
process (see e.g. Den Haan 1996 and Kordelaar 1996) and the knowledge
components can also be used to simulate the effects of legislation and
regulations for a certain population (see e.g. Svensson, 1993).
Verification of the formal specifications will expose missing specifications
and inconsistencies. Additional specifications may be translated from
executive measures, and inconsistencies may be resolved through
executive decisions of the authorized expert group. Re-factoring the
specifications with these newly added specifications results in a more
consistent and complete conceptual model. Eventually, the verification
process demonstrates the consistency and completeness for the task at
hand. The design of the enterprise’s software systems for enabling
integration of the task into the executive business processes may be well
underway by that time, in order to achieve the throughput time-to-execution
required.
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The application of POWER to a “simple” example from the
Dutch Income tax law

In this section, we will illustrate the method using an example from the
revised Income Tax Law, which will become effective for the fiscal year
2001. Article 8.9. states:
Artikel 8.9 Verhoging maximum gecombineerde heffingskorting bij
minstverdienende partner
1. Indien de gecombineerde heffingskorting door artikel 8.8 zou worden
beperkt tot een niveau beneden het gezamenlijk bedrag van de
algemene heffingskorting en de voor de belastingplichtige geldende
arbeidskorting, kinderkorting, aanvullende kinderkorting en
combinatiekorting wordt indien de belastingplichtige in het kalenderjaar
gedurende meer dan zes maanden dezelfde partner heeft, de
gecombineerde heffingskorting verhoogd tot het gezamenlijk bedrag
van de voor hem geldende algemene heffingskorting, de
arbeidskorting, de kinderkorting, de aanvullende kinderkorting en de
combinatiekorting.
2. De verhoging van de gecombineerde heffingskorting bedraagt
maximaal het bedrag van de door de partner verschuldigde
gecombineerde inkomensheffing verminderd met zijn gecombineerde
heffingskorting.
3. Dit artikel is niet van toepassing indien de belastingplichtige bij de
aanvang van het kalenderjaar de leeftijd van 27 jaar niet heeft bereikt
en in het kalenderjaar gedurende meer dan zes maanden in belangrijke
mate door zijn ouders is onderhouden.
This article states, in an unofficial and rather literal translation from Dutch:
Article 8.9 Increase of the maximum combined levy reduction for the leastearning partner
1. If the combined levy reduction would be limited by article 8.8. to a level
below the joint amount of the general levy reduction and the to the
taxpayer applicable labor reduction, child reduction, additional child
reduction and combination reduction, the combined levy reduction will,
if the tax payer has the same partner during more than six months in
the calendar year, be raised to the joint amount of the to him applicable
general labor reduction, child reduction, additional child reduction and
combination.
2. The raise of the combined levy reduction amounts maximum to the
combined income levy due by the partner lowered with his combined
levy reduction.
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This article shall not apply if the tax-payer has not reached the age of
27 years at the beginning of the calendar year and has been largely
maintained by his parents for more than six months during the calendar
year.

We will use the Dutch version to show how the translation into conceptual
model takes place. One of the features of legislation is the use of structure
in the text. Furthermore legislation often contains references. These
references may be absolute or relative. In the example of the Income tax
we find two references; ‘artikel 8.8’ referring to an absolute part of the law
and in the third member we find a relative reference ‘dit artikel’ (this article),
referring to the article itself.
Artikel 8.9 Verhoging maximum gecombineerde heffingskorting bij
minstverdienende partner
1. Indien de gecombineerde heffingskorting door artikel 8.8 zou worden
beperkt tot een niveau beneden het gezamenlijk bedrag van de
algemene heffingskorting en de voor de belastingplichtige geldende
arbeidskorting, kinderkorting, aanvullende kinderkorting en
combinatiekorting wordt indien de belastingplichtige in het kalenderjaar
gedurende meer dan zes maanden dezelfde partner heeft, de
gecombineerde heffingskorting verhoogd tot het gezamenlijk bedrag
van de voor hem geldende algemene heffingskorting, de
arbeidskorting, de kinderkorting, de aanvullende kinderkorting en de
combinatiekorting.
2. De verhoging van de gecombineerde heffingskorting bedraagt
maximaal het bedrag van de door de partner verschuldigde
gecombineerde inkomensheffing verminderd met zijn gecombineerde
heffingskorting.
3. Dit artikel is niet van toepassing indien de belastingplichtige bij de
aanvang van het kalenderjaar de leeftijd van 27 jaar niet heeft bereikt
en in het kalenderjaar gedurende meer dan zes maanden in belangrijke
mate door zijn ouders is onderhouden.
The structure of Artikel 8.9. is modeled by four packages (one for the article
as a whole and three nested packages for the members). The first member
will contain an absolute package reference to ‘Artikel 8.8.’ (see Figure
7.3.1).
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Figure 7.3.1. Article 8.9. consists of three members modeled by three packages.
The first member refers to article 8.8. with an absolute package reference.

After thus establishing the structure of the law we continue by detecting the
terms (the concepts) and the relationships between these terms in the legal
text subject to our analysis. This is done typically article by article, member
by member. In the first member of article 8.9. the terms are in bold while
the relationships are underlined:
Artikel 8.9 Verhoging maximum gecombineerde heffingskorting bij
minstverdienende partner
1.

Indien de gecombineerde heffingskorting door artikel 8.8 zou worden
beperkt tot een niveau beneden het gezamenlijk bedrag van de
algemene heffingskorting en de voor de belastingplichtige
geldende arbeidskorting, kinderkorting, aanvullende kinderkorting
en combinatiekorting wordt indien de belastingplichtige in het
kalenderjaar gedurende meer dan zes maanden dezelfde partner heeft,
de gecombineerde heffingskorting verhoogd tot het gezamenlijk
bedrag van de voor hem geldende algemene heffingskorting, de
arbeidskorting, de kinderkorting, de aanvullende kinderkorting en
de combinatiekorting.
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Figure 7.3.2. The first member of ‘Artikel 8.9’ of the income tax law (Herziening
2001). All concepts are modeled as UML types, the relationships are modeled as
associations while the ‘rule’ is modeled as a type exception invariant. The latter is a
stereotype that indicates how the invariant should be treated during re-factoring.
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The terms are modeled as types in UML while the relationships are
represented as UML associations. The ‘rules’ described in the members of
an article are modeled as OCL invariants (see Figure 7.3.2). The second
and third members are modeled as well. (see Figures 7.3.3 and 7.3.4).
Lid 2

<<type>>

<<type>>
GecombineerdeInkomensheffing

Partner
verschuldigde

<<type>>
Verhoging

<<type>>
GecombineerdeHeffingskorting
zijn

bedrag :

van

Bedrag
<<typeException>>
let maximumVerhoging = Partner.verschuldigde.bedrag –
Partner.zijn
self > maximumVerhoging implies self =
maximumVerhoging

Figure 7.3.3. The second member of ‘Artikel 8.9’ of the income tax law (Herziening
2001).
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Figure 7.3.4. The third member of ‘Artikel 8.9’ of the income tax law (Herziening
2001). This model has an example of an age attribute, demonstrating the modeling
of concepts used in the legal reasoning as opposed to designing technically optimal
data models. This model also shows the ‘applies’ operation, which is added to the
package reference model item, as an extension to be used in OCL.

According to this article we have to calculate the amount of the combined
levy reduction into an amount before and an amount after application of the
first member. If we model this article we lack the definition of many
concepts such as ‘Algemene Heffingskorting’ (General Levy Reduction),
the ‘Arbeidskorting’ (Labor Reduction), ‘Partner’, ‘Kalenderjaar’ (Calendar
Year), ‘in belangrijke mate onderhouden’ (Largely Maintained), ouder
(Parent). We also lack the definition of some of the attributes, which relate
to these concepts. This is due to the non-import modeling, and we will
consequently have incomplete models for most tasks. Hence, we can
detect this incompleteness, and look for knowledge to be added from other
legal sources (i.e. other articles, specifically those that contain the
definitions of these concepts, or failing that, an expert interpretation of
these concepts).
In the re-factoring process, we produce an integrated model that is
composed from the individual partial models (see Figure 7.3.5), connecting
concept reference and concept definition.
Some other defects still remain:
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In the first member, nearly the same concepts are added twice. Is the
sum of the same concepts intended, and could a clearer phrasing be
used, e.g. “amounts minimum to”, the inverse of a translation pattern
used in the second member, which contains the phrase “amounts
maximum to”? (Result of in-translation validation.)
•
What does the term “his” refer to in the second member, the partner or
the taxpayer? Would it not be more understandable to make this
explicit? (Result of in-translation validation.)
•
Does the third member of this article render itself inapplicable? Should
this not read “The first and second members of this article shall not
apply...”?
Some of these inconsistencies can be resolved by selecting and translating
further specifications, originating from juridical conventions, expert groups
or, in the most expensive case, court rulings. In the absence of court
rulings, executive measures may be required to resolve the ambiguities.
Detecting these potential problems early on may cut government costs and
enhance taxpayer compliance. In all cases, the decisions made by the
software system can be justified using the authority of the translated
specifications that contributed to the re-factorings that produced the
decision.
•

Source

Source

text

text
Conceptual
Model

Conceptual
Model

Figure 7.3.5. Re-factoring two conceptual models representing a part of the domain
by connecting the concepts (types) in the models to the models in which these
concepts are defined. Modeling this way we finally end up with a network of
interconnected, but still traceable models. The scope of this network depends on the
task that the project has in mind.

7.4.

The application of POWER to a simple example from the
American Income tax law

In this section, we demonstrate the application of the POWER-method with
an example of a proposed amendment on the American Income tax (26CFR
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part1). The example is similar to the Dutch example described in section
7.3. The models are described in Figures 7.4.1. – 7.4.4..
In “§ 1.152-2 Rules relating to general definition of dependent” the deputy
Commissioner of Internal Revenue states:
(2) For any taxable year beginning after December 31, 2000, a child who is
a member of an individual’s household will be treated as a child of that
individual by blood if the child was placed with the individual by an
authorized placement agency for legal adoption pursuant to a formal
application filed by the individual with the agency. For purposes of this
paragraph (c)(2), an authorized placement agency is any agency that is
authorized by a State, the District of Columbia, a possession of the United
States, a foreign country, or a political subdivision of any in the foregoing to
place children for adoption. An authorized placement agency also includes
biological parents and other persons authorized by state law to place
children for legal adoption.

Figure 7.4.1. § 1.152-2 consists of three members represented by three packages.
The second sentence refers to article (c)(2) by an absolute package reference.
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Figure 7.4.2. The first sentence of § 1.152-2 of the income tax law. This example
has a parameterized attribute (wasPlacedForLegalAdoptionWith). In the UML this
corresponds to a query operation. This illustrates that the legal reasoning assumes
that this attribute can be refined towards the collected data for any given agency.
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Figure 7.4.3. The second sentence of § 1.152-2 of the income tax law. The
attributes isAuthorizedByToPlaceChildrenForAdoption2,
isAuthorizedByToPlaceChildrenForAdoption3 and
isAuthorizedByToPlaceChildrenForAdoption4 are omitted for clarity.
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Figure 7.4.4. The third sentence of § 1.152-2 of the income tax law. The sentence
could probably be refined into “a biological parent of the child”, as a literal reading of
the law would allow any biological parent as an authorized placement agency.

7.5.

Validation and verification of legislation

Anomalies in legislation (incompleteness and inconsistencies) have impact
on law enforcement and enforcement organizations. Instruments for
detection of anomalies in legislation can be deployed in avoiding abuse and
improper use of legislation as a part of combatting fraud. The POWER
method supports translation of legislation into formal models. These models
are input for automated-reasoning support. We developed a prototype for
the detection of anomalies in legislation. This automated tool supports the
detection of anomalies in an early stage of the legislation process. By
applying this instrument we are able to assist the legislator and
consequently improve the quality of law.
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Definitions of anomalies

We developed an anomaly framework based on findings in the literature
(see e.g. Kracht et al. 1990). Different types of anomalies are classified
within this POWER anomaly framework. The framework includes semantic
anomalies and syntactic anomalies. Pragmatic anomalies require further
research, and for this reason, these were not worked out in this framework.
Based on the literature analyses (see Den Hartog 1999), the following
anomaly framework was developed for POWER:
Syntactic anomalies

Operationalizations:

1. Incompleteness

1. Dead-end rules, missing rules, unreachable rules

2. Discrepancy

2. Conflicting rules

3. Circularity

3. Circular rules

4. Redundancy

4. Redundant rules, subsumed rules, unnecessary IF

Semantic anomalies

Operationalizations:

1. Synonyms

1. Occurrence of semantic redundancy

2. Homonyms

2. Occurrence of ambiguities

3. Vagueness

3. Vague terms, evaluative-open terms, open-texture

conditions

terms
Pragmatic anomalies
require further research
Table 7.5.1.1.: The POWER anomaly framework.

7.5.2.

The approach

The current prototype is able to detect syntactical anomalies by reasoning
about (knowledge) rules and inference frames (see table 7.5.1.1.). The
anomalies found in the analyzed models are potential defects (since this is
a purely syntactical approach the legislator may e.g. have redundant rules
on purpose).
The inference frames, derived from the task model, contain knowledge
about the inference process, such as goal-attributes, start-attributes, etc.
With this knowledge a so-called topology is created of possible decision
paths. These paths are evaluated in order to detect potential anomalies
(see Figure 7.5.2.1.). A potential redundancy, for example, occurs when
two different paths share at least one start-attribute and one goal-attribute.
The determination of whether such a potential defect really is a defect in
legislation has to be established by the legislator.
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HeeftTegenWoordigeArbeid
If GetHeeftArbeidsKorting() <> Null and
BDH3InkomenUitWerkEnWoning.GetWinstUitOnderneming(Current)
<> Null and
BDH3InkomenUitWerkEnWoning.GetLoon(Current) <> Null and
BDH3InkomenUitWerkEnWoning.GetResultaatUitWerkzaamheden(Curre
nt) <> Null
Then
SetHeeftArbeidsKorting(
GetHeeftArbeidsKorting() <> Null and
((BDH3InkomenUitWerkEnWoning.GetWinstUitOnderneming(Current) +
BDH3InkomenUitWerkEnWoning.GetLoon(Current) +
BDH3InkomenUitWerkEnWoning.GetResultaatUitWerkzaamheden(Curre
nt)
) > 6950
)
)
Figure 7.5.2.1: An example of a rule (from the income tax law) containing a
circularity (the antecedent of the rule is dependent on the consequences ).

7.5.3.

Experiences thus far

Based on assessment of modeled parts of legislation, one can conclude
that the prototype is able to detect certain anomalies in legislation. Besides
that, empirical research also proved that the prototype is also a useful
instrument for verification of the models of legislation. The tool developed
thus far also has some shortcomings. Most important is the impossibility to
support validation (by testing cases against the rules in the knowledge
components). We will therefore expand the functionality of the prototype
with simulation abilities.

7.6.

Implementation: assessment of retirement letters

Directors that are also major stockholders (> 10%) of limited companies
(so-called DGA’s in Dutch) have a great deal of freedom in formulating their
pension regulations. Sometimes the boundaries of legislation are explored
since the reservations made for their retirement fund is deductible from the
company’s profit taxes. Due to new legislation the DTCA expects that within
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five years a great amount of director and major-stockholders will ask the
DTCA for a preliminary judgment about whether their pension regulation
falls within the framework of legislation. A great deal of knowledge about
the Wage Tax Law and regulations containing pension-related topics is
needed when assessing pension letters. This knowledge however is scarce
and the number of people possessing this knowledge is insufficient to
handle the volume of judgments that is needed. Therefore the DTCA has
decided to make a knowledge-based system, the pension assessment
system (PAS), which supports the dissemination process of expert
knowledge about pensions.

Figure 7.6.1. The PAS-system.

Through a user-friendly Wizard (see Figure 7.6.1) a DTCA employee can
insert a pension regulation of a DGA into the system. The knowledge
component that is produced from the pension legislation in the system then
assesses the acceptability of the pension regulation. On those points where
the regulation crosses the boundaries laid down in the legislation the
system makes a remark. These remarks also contain references to (parts
of) the legislation that the remarks are based upon. The given remarks help
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the employee in writing an adequate response to the taxpayer. The PAS
has been tested within two departments of the DTCA and consequently
rolled out in all DTCA units. The first results are promising.

7.7.

Embedding knowledge components in a process environment

In most law enforcement organizations many departments and a great
many people are involved in the implementation processes of (new)
legislation. It is a challenge for these organizations to design these
processes in such way that both quality and speed of implementation can
be guaranteed. The methods and infrastructure that have been designed in
the POWER program support the continuous improvement of knowledge
productivity. In POWER we present an architecture that facilitates the
processes mentioned and we have created a platform (and communication
vehicle) for different stakeholders in the implementation processes.
We had the opportunity to model the (draft version of the) new Dutch
Income Tax Law (an ambitious piece of legislation and the first major law
revision since 1964). Since almost nothing of the old Income Tax Law
remains intact, we were asked to look for anomalies (and to create a basis
for further implementation and supporting infrastructure). We modeled the
income tax working closely together with members of the knowledge groups
that have to deal with income tax problems. We found more then 150
anomalies that were not detected by these knowledge groups before. The
anomalies were reported to the drafters and repaired.
The effectiveness of the feedback process depends on representation.
Therefore we have conducted some research on law representations that
promote the communication between legislative- and IT experts (by means
of a cognitive ergonomic study).
When we designed a supportive tool for the assessment of pension letters
we also worked closely together with members of knowledge groups and
even one of the legislation drafters who was involved in drafting the new
Wage Tax Law (pension aspects are part of this particular law). These
members had different viewpoints on many topics before we began the
project but during the design process a common (mental) model was
developed. They became enthusiastic about the way of working that we
developed. They have been and still are involved (and committed) in the
implementation process and the application has become a regular part of
their knowledge distribution instruments.
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Furthermore, we tested several modeling tools that support the methods
that were developed. We are still attempting to improve both the methods
and modeling speed. While modeling legislation we continue to develop the
POWER ontology of legislation. We also developed an architecture that
enables us to embed the knowledge components within (the future) process
models of knowledge intensive processes and tasks.
Our experiences thus far are that both legislation drafters, experts from the
knowledge groups and people from our automation department are very
enthusiastic about our approach. This creates the basis for further
development.

7.8.

Further developments

The first period spent doing research in the POWER domain delivered
useful tools (such as an anomaly detector) and several models that have
proved to be supportive in the implementation process of new legislation.
We already experienced that working with different experts from different
knowledge groups using the POWER methods increased the homogeneity
of the conceptual models of the legislation in question.
However many problems remain to be solved. Legislation consists of
definitions, normative descriptions of situations and, on some occasions,
directives for processes (e.g. the inspector should send a confirmation
letter within two weeks). The latter is a particularly complicating factor when
bridging the gap between legislation and design. Administrations have a
great amount of freedom in their organizational and process design. The
law-based models of POWER, therefore, should fit in common process
organization and systems design methods. This process aspect is
accounted for in our current research activities. We try to implement an
architecture that consists of several layers:
•
Legislative model and process model layer;
•
Functional layer (re-factored conceptual model integrated with task
model);
•
Technical layer (knowledge components and application frameworks,
and a connecting architecture);
•
Realization layer (generated knowledge component code or developed
framework code);
•
Implementation layer (deployed knowledge components).
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The latter four levels are already applied on small scale in the DTCA’s
automation department. We plan to broaden the architecture to full-scale
application. The DTCA developed the process layer in co-operation with the
Telematics Institute (a research school of the Twente University) in the socalled Testbed research program. Our challenge is to integrate POWER
and Testbed and connect the output of both to the functional layer that is
input for our software factory (B/AC).

7.9.

Conclusions

In the POWER program a knowledge capitalization/knowledge codification
approach is combined with an organization dynamics approach in which the
DTCA’s knowledge processes are aligned (see Figure 7.9.1). As a result
the DTCA will be able to improve the quality of law enforcement and
decrease the time needed for implementing changes in legislation and
regulations.
Thus far we established a method that:
•
Provides us with verifiable models;
•
Helped us to detect over 150 anomalies in legislation;
•
Bridges the gap between legislation and business systems design;
•
Provides the means to capture legal knowledge in and tractable and
maintainable way.
We think that the POWER method can be applied in many other
governmental situations and perhaps even in non-governmental
organizations where regulations play an important role (e.g. process
industries, insurance companies, etc.).
We noticed that legislative drafters (and representatives of the knowledge
groups as well) often express themselves procedurally and consequently
they often create unintended restrictions on the design of procedures,
organization and systems often following legislation drafting. Information
technologists and knowledge engineers therefore prefer declarative
specifications (which allow a greater amount of implementation freedom).
Although we already succeeded in breaking up discussions with respect to
procedural specifications much research is needed especially after
representation formalisms that are suitable for both legal experts and
information technologists.
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Figure 7.9.1.: The government and its environment. The POWER research program
aims at supporting both legislation drafting and implementation of legislation thus
improving the affectivity of law enforcement organizations.

In many knowledge management approaches we see that either a lot of
attention is paid to stock approaches (e.g. the creation of digital libraries
and inter- and intranet technologies or knowledge based systems) or to
flow approaches (e.g. HRM measures aimed at increasing organizational
learning and knowledge sharing). We have found that with the right
combination of these approaches one can achieve tremendous results.
Using POWER enables more efficient and effective knowledge creation and
dissemination processes from which both the DTCA and the taxpayer will
eventually benefit. Knowledge management has become more than just an
interesting field of research, it pays off.
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8.

Reflections

8.1.

Knowledge management hype or science?

Knowledge management is still a rather young discipline, the roots of which
go back only as far as the 1990’s. The phenomenon ‘knowledge’ has been
around in science for a long time and it has been studied by philosophers
and cognitive scientists, amongst others, for many centuries. It is striking
that the phenomenon ‘knowledge’ only recently gained the attention of
managers and (business) consultants. This must be due to the recognition
that ‘knowledge is the key to competitive advantage’ (Nonaka 1991).
Managers, of course, are especially interested in whether knowledge can
be managed, and this is what Nonaka, Wiig, Weggeman and many others
suggest. They claim that knowledge is a manageable asset. This school of
thought encounters some opposition by people that claim that knowledge
does not exist without the human carrier of that knowledge. Consequently,
knowledge management becomes human resource management. To be
able to manage these human resources we have to know their
competencies and competences (see Section 6.3) and manage them
instead (and so another hype is born: competence management). Last but
not least are IT people, who have the technological cure for our problems.
They present Internet technology, business intelligence, data mining and
many other IT solutions in discussions about knowledge management.
Knowledge management is a container concept and many disciplines
contribute to its development. The basis of knowledge management is the
recognition of knowledge as a determining production factor. Before the
term ‘knowledge management’ was invented research areas that have
something to say about knowledge-related phenomena, such as cognitive
science and artificial intelligence, already existed. Many of the insights that
these disciplines have developed are still unknown (or may even be
ignored) by the knowledge management researchers. A commercial interest
in knowledge management has thus far led to an enormous amount of
books and congresses on the topic. Despite the attention that has been
paid to the phenomenon knowledge as it is created, disseminated and used
in organizations little real scientific work has been done as yet.
Knowledge is an important phenomenon in modern society. If we could
improve knowledge productivity it would be beneficial to us all, but rather
than just using trial and error we have to systematically study the
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phenomenon before changing our organizations and our working
environments. Trial and error can be very expensive especially since we
are dealing here with knowledge and consequently human beings.
However, despite the still growing volume of books and articles on the
subject knowledge management literature contains tempting ideas rather
than testable scientific theories. Even though knowledge management at
this time is more of a hype term than a theoretically founded science, noone can deny that the recognition of the important role of knowledge in
business processes has led to new ways of organizing work, the use of
technology and HRM policy amongst others.
If knowledge management is to become a scientific discipline that should
be taken seriously then the people working in this field will have to get their
hands dirty performing empirical research. In this thesis I have shown
techniques for transforming knowledge management from the current hype
into a decent science.
Only a few researchers perform empirical research in knowledge
management. However, those that do so often limit themselves to
perception studies. Weggeman e.g. uses a questionnaire to ‘measure’ the
quality of the management’s measures to improve knowledge productivity
(Weggeman 1997). An example of such questions translated from the
Knowledge Management Scan developed by Weggeman (1997) is:
Because we on the one hand know what knowledge is needed to realize
our strategy and on the other hand know what knowledge we possess in
our organization, we also know what knowledge we should develop or
acquire. In short, we know our knowledge deficits. (The question is to be
answered with a score on a scale from 1 to 5 varying from I highly agree to
I highly disagree).
This type of perception study, however, does not necessarily provide us
with empirically valid results that tell us something about how knowledge
works in daily practice. People often act quite differently from what they
want the researcher to believe which is why in my research I look at actual
behavior.
The production factor knowledge is strongly correlated with phenomena
such as group dynamics, individuals’ competencies, individual styles, etc
and performance. However, researchers in these fields focus either on
group dynamics or individual characteristics or performance, but the
correlations between these phenomena remain underexposed.
In my research I have shown that we can use mental models to link the
organizational and individual perspective and consequently bridge some of
the gaps still left open in the knowledge management debate. In this thesis
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I presented several empirical studies in which mental models are the
central focus points. The results of these studies are also applied in two
business cases that I have discussed at lenght. This brings knowledge
management research beyond the level of collecting questionnaire data.
I strongly believe that a theory on knowledge management is needed and
only “hard” research, that is, postulate hypotheses and subsequently test
these by empirical studies, will provide us with a useful theory needed to
optimize knowledge productivity.

8.2.

The research design

Since we need to understand the relationships between individuals and
their knowledge and knowledge productivity that is the result of working
processes in organizations consisting of such individuals, I postulate a
theory (see Figure 8.2.1) that relates learning via mental models to
knowledge productivity (or performance). From our understanding of these
relationships we can aim for the knowledge management goals:
optimization of the production factor knowledge.
The theory postulated recognizes that the production factor knowledge is
strongly correlated with phenomena such as group dynamics, individuals’
competencies, individual styles, etc. and performance. It furthermore
provides us with the means to uncover relationships between group
dynamics, individual characteristics and performance.
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Figure 8.2.1. A theory of knowledge management. Both social setting and mental
models of individuals determine knowledge productivity. Mental models determine
individuals’ behavior and consequently determine the social setting while the social
setting reflects in the mental models of the individuals that are part of that setting.
Furthermore, mental models are influenced by individuals’ learning styles.

In this thesis I describe three different empirical studies to establish:
1. The relationships between mental models and performance;
2. The relationships between learning styles and mental models;
3. The relationships between social setting, mental models and
performance.
The difficulties that had to be met were how to measure a relatively ‘soft
phenomenon’ using ‘hard analysis techniques’. Knowledge management
literature thus far offers few handles how to do this while for example
psychologists that do have the tools to measure the phenomenon are often
not willing to leave their safe laboratories. In the studies presented in this
thesis I show how hard methods can be applied to research this soft
phenomenon.
The results of the three empirical studies are applied in concrete business
situations. In two business cases I show how we can apply these insights.
In the following sections I will summarize some remarkable findings and
draw certain conclusions from them. I will furthermore depict the meaning
of the results of my research for business application and future research.
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8.3.

Mental models and performance

8.3.1.

The relationship between mental models and performance

In the theory postulated in Section 8.2. mental models play a central role.
This role can only be justified if we can establish a relationship between
mental models and performance. To establish this relationship we designed
an experiment in which we measured the knowledge productivity
(performance) of 41 subjects performing a simple task using a group-ware
application (see Chapter 3). We measured the subjects’ mental models
using the Pathfinder algorithm (see Chapter 2). We consequently examined
the match between the individual mental model of the user and the system
model as an indicator for knowledge productivity. As performance criteria
we used the usual performance criteria such as total steps taken in task
execution, total solution time (or reaction time) and affect (or user
satisfaction).
We found that if a system (e.g. a working environment) meets the
employees’ expectations (which reflects in their mental models)
performance will increase. This is congruent with our intuition.
We furthermore found that if a system meets the users’ expectations then
experience will lead to more effective mental models, i.e. mental models
that show a significant correlation with high performance. If, however, the
system does not meet users’ expectations experience will not show
significant improvement of performance until the match of expectations and
the working of the system has been established.
We can use knowledge about this phenomenon in two ways:
1. We can design systems according to the intended users’ expectations.
To establish the users’ expectations we can e.g. use techniques such
as teach-back protocols, think-aloud sessions, qualitative modeling
sessions etc. (see for some applications Chapters 5 and 6).
2. We can manipulate the expectations of the intended system users.
Every experienced project manager knows that expectation
management is a very important (although expensive and time
consuming) aspect of his/her work. Prototyping and user involvement
(e.g. participatory design or joint application development),
presentations and communication in general can contribute to achieve
the right expectations
We may expect that systems will become better if designers have the
opportunity to understand the character and structure of the mental models
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of the (future) users of their system, or if a situation is created that allows
both designers as well as users to develop a similar mental model (which
we applied in the situations described in Chapters 6 and 7).
One of the basic ideas behind knowledge management is that knowledge
sharing helps to increase knowledge productivity. If knowledge-sharing
leads to greater mental model similarity, which accords with our intuition,
then we may indeed expect knowledge productivity to increase. We should
put serious effort in the knowledge sharing at the start of system design
projects so that the participants can develop shared mental models and
consequently the designers are able to design systems that meet the users’
expectations.
However, we must be very careful in selecting the (future) users that
participate in such design projects since experts (or high performers)
appear to have very different mental models than other people. If we want
to improve knowledge productivity, the ultimate goal of knowledge
management, we must brainwash (or educate) people. Whether this is
acceptable or not depends on the situation and this ethical aspect needs
further elaboration.
8.3.2.

Further research on performance

In our research we did not examine which specific differences in the mental
model had what particular influence on performance. We did not examine
how knowledge of these differences can be used to prescribe design
actions and measures including knowledge management. Further research
on mental models may help us to discover the basic concepts behind
knowledge productivity and consequently lead to better systems design.
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The relationships between learning styles and mental models

In the study of the relationships between learning styles and mental models
we could confirm the theory of Gordon Pask (see Chapter 2).
Pask found that when students are learning new information there are three
distinctive learning styles:
1. Comprehension learning
The subject uses a global approach, constructs a general picture, a
global view. He also tries to describe the connection between the
different sub-domains.
2. Operation learning
The subject uses a local approach, step-by-step, trying to elicit
procedural details. If possible, rules, methods and details are filtered
from the case in order to create procedures.
3. Versatile learning
Both of the previous styles can be used independently. The subject can
have both a comprehension and an operation style to a certain degree.
A third learning style can be defined if the subject has the ability to use
both comprehension and operation learning. (S)he has the freedom to
choose the most appropriate one depending on the situation.
Pasks’ learning styles represent fundamentally different information
retrieval mechanisms and this is reflected in the mental models that are
built.
In our study we wanted to establish if differences in learning styles cause
differences in the knowledge structures and whether or not the differences
in knowledge structures caused by differences in learning styles are
persistent.
We tested 116 employees of the Dutch Customs and Tax Administrations’
Internal Audit Department (IAB) on their learning style. We consequently
selected a sub-set consisting of 31 subjects out of the 116 original subjects.
We established the mental models of the auditing processes for these 31
subjects (see Chapter 4).
From our study we again found evidence that learning abilities decrease
over time, i.e. the older we become the more difficult learning becomes.
The bad news is that this holds true for both learning styles (operation and
comprehension learning).
As we expected people’s tendency to learn corresponds with their
educational level. We intuitively expected that this would be the case. A
tendency to learn may depend on several different factors such as
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intelligence, energy level, etc. Further research is needed to establish
these causing factors.
We found a positive correlation between education level and
comprehension learning while no such correlation with operation learning
exists. The ability to build abstract structures and a general conceptual
framework is a necessary precondition for higher education, while it may
also be possible that higher education stimulates the development of the
comprehension learning style.
Although we found that learning abilities decrease over time it should not
be concluded from this study that older people should not be employed.
Specific training programs, however, may be needed and older people
should be given more time to learn. We could also consider giving older
people tasks that are in line with their experience. It cannot be avoided,
however, that older employees have to adapt to new working situations as
well. Managers should take into account that the problems concerning
adapting are not always due to resistance to change but can also have a
cognitive psychological cause.
We could show significant differences in mental models (networks) between
the different learning styles. More important yet from a design perspective
is that differences in learning styles not only affect the development of
mental models for novices, but that learning styles have a long-term effect
as well. Mental models of subjects with different learning styles do not tend
to become more similar over time, a result that is in agreement with Pask’s
claims.
The implication of this finding is that system designers cannot ignore
peoples’ learning styles, arguing that people will get used to the system
(they will learn how to operate over time). Neglect of peoples’ learning style
will result in decreasing performance on the part of the system users.
This is quite dramatic for systems designers. It has been proven that the
same information provision can result in different mental models depending
on someone’s learning style. If we combine this finding with the finding that
the structure of mental models correlates with knowledge productivity we
may conclude that the best we can do if we design information systems is
to provide the information in such way that people with either learning style
are able to build the best possible mental models. Differences in
performance remain unavoidable. From this we may also conclude that to
optimize performance we should take into account someone’s learning style
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before recruitment. Certain jobs demand certain learning styles (depending
on the best mental model for the job).
The impact for recruitment officers is limited, however. We could argue, of
course, that since versatile learners are potentially able to develop the
richest mental models, versatiles have the highest chance to become the
high performers. Consequently we could benefit from this knowledge by
using the versatile as a job requisite. The problem here, however, is that
only a very small fraction of the population possesses this learning style
(the top 5 percent).

8.5.

The relationships social setting, mental models and
performance

Some people participating in the knowledge management debate strongly
believe that a maximum of freedom will result in better knowledge
productivity (see e.g Kessels in Management & Bestuur no 4. Juli 1998).
We found the opposite.
We examined the relationships between the group characteristics (including
the culture characterization and knowledge productivity (group
performance). The differences in overlap of mental models of group
members and the differences in organizational structure are expected to
result in changes in the group, which in turn will influence the performance
of the group. We examined two variables determining the organizational
culture; pre-defined tasks (or not) and shared conceptual models (or not).
To measure the groups’ performance we used a management game
(Utopia) originally designed for the assessment of individual managers.
Eight groups (two groups for each combination of the independent variable)
reigned over an imaginary island. To do this several equally important, but
partly conflicting, targets had to be met.
In this complex decision-making situation we established that a clear focus
(pre-defined tasks) leads to better economic efficiency, i.e. that only those
aspects of the problem are considered that are relevant for solving the
problem. Groups in which the members have such focal points also are
better in taking initiative under failure. This is because it is easier to figure
out what to do if you only have to consider part of the picture. Without a
focal point one has to look at the entire picture, which is far more complex,
and may even lead to indecisiveness.
If the group members also have a shared mental model they are better able
to control their target under failure. It was easier for these groups to figure
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out what had to be done (they were better in taking ‘initiative under failure’
for the same reasons), but because of their shared conceptual model (and
therefore their shared mental model) they also understood each others
intentions (with respect to vision and strategy) better.
Peoples’ focal points are reflected in their mental models. Different focal
points lead to different mental models. In a complex problem domain
groups with heterogeneous mental models are more effective than groups
with homogeneous mental models. This is probably due to the fact that a
focal point helps to set priorities (which is important if many conflicting
goals have to be met). Subjects without such a pre-defined task have to
take into consideration too many goals to be able to set the right priorities.
We found that a shared conceptual model improves communication if group
members feel the need to communicate (which is obviously not the case if
the different group members have different focal points, e.g. caused by
different interests). A group of people working closely together for a certain
amount of time is likely to develop a shared conceptual model (causing
mental model similarity). The effect of shared conceptual modeling thus is
limited. It may give a boost to a process if the process does not have a
repetitive character. Design processes usually do not, so shared
conceptual modeling can be used to improve communication and to
stimulate the development of similar mental models (which will lead to
better performance).
In complex decision making situations as well as in simpler work situations
managers should provide their employees with clear goals, i.e. focal points.
Clear tasks (and consequent focal points) will result in the development of
specific mental models. In simple tasks, i.e. tasks that do not have
competing goals, clear goal setting increases the likelihood that a
knowledge productive mental model will be developed (resulting in a high
performance).
In complex situations it is beneficiary to have people with different focal
points. This will result in an advantage in handling complex decisionmaking situations. Teams that are built from people with different
backgrounds (multi-disciplinary) teams have a strong advantage. However,
the multiple aspect approach will decrease overall performance in
situations where the factors that have impact on the decisions that have to
be made are clear (known) in advance.
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8.6.

Knowledge management in practice

8.6.1.

Knowledge oriented requirements analysis

Most knowledge management literature consists of theories that lack any
empirical research. Managers may get inspiration from the many
publications on the topic. The help offered to designers that have to cope
with knowledge related aspects when they redesign organizations,
business processes or design supporting systems that aim to improve
knowledge productivity, however, is limited.
The CommonKADS process and task analysis method, originally developed
to support knowledge based systems design, helps to discover the relevant
knowledge chains in organizations.
I applied this method in a business process redesign project (see Chapter
6). The method provides us with a good starting point for knowledge
oriented (re)design. We could call this ‘knowledge oriented requirements
analysis’. The CommonKads method helps to identify the most plausible
co-operation relationships. This information can also be used to define the
virtual working groups needed for sharing and developing new knowledge.
The CommonKads method can be integrated with shared conceptual
modeling. It then helps to create a shared conceptual model of the
organization and its basic values, the role of knowledge and the way people
interact within the organization. From such a shared model it is much easier
to agree upon the strategic direction in which the organization should
develop and it makes the discussion more objective (everyone can see
what one disagrees with). The method described in Chapter 6 proved to be
a useful instrument supporting the development of knowledge management
scenarios.
Since the method takes relatively little effort it can be applied in many
business situations.
8.6.2.

Knowledge oriented solution: the stock approach

Information technology is often sold as a knowledge management solution.
Groupware and document management systems (supported by Internet or
Intranets) can, of course, be useful in some business situations. The
CommonKads method provides designers with anchor points that are
needed to make this type of technology effective. The technology then can
become more than a way of dealing with the symptoms of more
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fundamental knowledge related problems. The process chain approach
prevents one from focusing on isolated solutions that do not really help to
solve these problems.
One remark has to be made with respect to document management
systems. Document management systems are often part of knowledge
management measures. As stated before people have different learning
styles and consequently different information processing strategies. The
documents (the content of a document management system) that are
stored in the large databases have to be retrieved before they can be
presented to the user. The documents that are stored in principle provide
the user with generic (not related to a specific case) information. This is just
the type of (background) information that suits comprehension learners. To
retrieve these documents the user must formulate the query that eventually
leads to the documents of his/her interest and he/she has to navigate
through many documents. Many search engines that provide such retrieval
functionality lack feedback mechanisms that provide the user with a
conceptual map that supports the user in his/her quest. Operation learners,
therefore, are likely to be better in learning to operate such search engines
than comprehension learners. From this we may conclude that many
document management systems are functionally inconsistent; they provide
content for comprehension learners but you need to be an operation learner
to be able to retrieve it. Luckily, new retrieval systems are being developed
that do provide users with maps that give contextual feedback and
therefore support navigation through the search space.
8.6.3.

Combining stock and flow

In many knowledge management approaches we see that either a lot of
attention is paid to stock approaches (e.g. the creation of digital libraries
and inter- and intranet technologies or knowledge based systems) or to
flow approaches (e.g. HRM measures aimed at increasing organizational
learning and knowledge sharing). Combinations of these approaches are
rare. In the POWER program described in Chapter 7 we combined a
knowledge capitalization/knowledge codification approach with an
organization dynamics approach. Many organizations that have to cope
with complex business rules (e.g. process industries, assurance companies
etc.) have to take stock-oriented as well as flow-oriented measurements.
The people that create the rules (in our case legislative drafters and
representatives of the knowledge groups) often express themselves
procedurally and consequently they often create unintended restrictions on
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the design of procedures, organization and systems that support the rules.
Information technologists and knowledge engineers prefer declarative
specifications, which allow a great amount of implementation freedom. To
be able to implement the rules (in our case legislation) effectively, all
processes from the creation of the rules through the design process and
eventually the application of the rules by the employees that have to
execute them need to be aligned. The knowledge that is embedded in the
rules and the knowledge needed to interpret them can be codified and
stored in a repository. Different representations of this stored ‘knowledge’
are needed to make it accessible for all users (e.g. jurists and information
technologists). Usability measuring techniques from human computer
interaction research can be used to select adequate knowledge
representations.
Aligning the knowledge creation processes that are needed to produce the
codified knowledge provides us with handles for a more flow-oriented
approach. We brought together people from different backgrounds, jurists
and information technologists, and people from the operational units in the
codification (i.e. the knowledge modeling) process. As stated before in the
complex design task that the implementation of legislation is, many focal
points are beneficial for the design process. The knowledge modeling
process helps the participants to create a shared conceptual model. This
way the participants develop a better understanding of each other’s mental
models. Consequently the alignment of the processes becomes much
easier.

8.7.

Conclusions and suggestions for further research

The research presented in this thesis is valuable because it makes the
phenomenon “ knowledge” more tangible. Knowledge management can be
put on a better scientific footing instead of merely being just another hype.
One of my aims was to create a scientific foundation for knowledge
management and I have presented them in a theoretical and testable
framework.
In my research mental models play an important role, for mental models
can be used to link the organizational and individual perspective and
consequently bridge some of the gaps still left open in the current
knowledge management debate. Until now the meaning of mental models in
the knowledge management debate has been very limited. If the content
and development (learning) of mental models have a significant effect on
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performance we cannot afford to ignore mental models when we design
systems. Human-centered design then has immediately become an
economical issue.
The lack of an empirical research line in knowledge management thus far
made it necessary to develop a totally new theoretical framework. I wanted
to use ‘hard’ scientific methods to study the relationships postulated. Many
researchers working in the field of knowledge management stick to the use
of questionnaires rather than doing empirical research, i.e. postulate and
test a theory. The ‘hard’ scientists are absent in the research field, perhaps
because the topic is too messy to burn your fingers on.
The way I performed my field research can be criticized, of course. It would
have been preferable if we could have performed all three empirical studies
with the same subjects, and with a larger group of subjects (to improve
statistical reliability), with the availability of these subjects unlimited, etc.,
but this was not the case. The studies we conducted are very expensive
since joining in the experiments was time-consuming. It would have been
more elegant if we could have executed the experiments in a series instead
of a set of separate experiments with different populations. Since some
rather important results were found it would be interesting to reproduce the
results in a series of experiments in which the subjects that participate in
the different individual experiments remain the same.
The studies and business cases described in this thesis prove that
knowledge management is worth more serious attention than a
management fashion. The field can profit from other sciences such as
operations research, business science, education science, cognitive
psychology, artificial intelligence, information science and many more.
The ultimate goal of knowledge management is to increase knowledge
productivity. The scientific question is what are the factors that influence
knowledge productivity. This question has to be at least partially answered
before we can we improve it.
Mental models are pivotal in the relationship between individuals and their
(working) environment. I showed that the structure of these mental models
correlates to performance (knowledge productivity). We can in some way
influence the development of people’s mental models, but since people
have different learning styles we need different strategies depending on the
learning style. This finding has a great impact on systems design.
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The impact on systems design is not limited to the surface layer such as
the user interface, but also has an impact on, for instance, information
retrieval strategies, feedback functionality, etc.
Research on the relationship between design and performance is not new.
This has been done since the days of scientific management and even
before that time people aimed at improving their working environment. In
the current economical reality knowledge is becoming the most important
production factor. Knowledge is both a social phenomenon as well as
something that reflects on the mental models in people’s heads.
These mental models need to be studied further and in more detail before
they can be used as a predictor for performance. More detailed research
may help to provide us with the design rationale needed to build knowledge
productive systems. The topological measurements supported by the
Pathfinder method may not be enough. Other methods may have to be
developed to look into these mental models from different perspectives. We
also need to decrease the effort and time to make representations of
mental models and take away the limits that the current representation has
(especially the number of concepts that can be represented).
Further research is also needed to discover the relationships between
learning styles and systems design. From an economical view we would
like to be able to design systems that serve both learning styles equally
well. The alternative would be systems that are dedicated for a specific
learning style, which is more expensive.
Further research has to be done concerning more efficient methods to
establish someone’s learning style. The Pask spy-test is rather timeconsuming; too time-consuming to be applied on a bigger scale.
Since, dependent on their learning styles, people can develop a knowledge
productive mental model or not, we should study which learning styles are
best suited for a certain task (i.e. establish the relationships between
learning styles and task characteristics). Eventually we could perhaps
incorporate the Pask learning style test or an alternative for it in the tests
that are applied for personnel recruitment.
How people work is still a well-kept secret, but we know a little more about
the mechanisms that determine knowledge productivity. Systems designers
often show more interest in the artifacts they design and the tools (including
models) they design with, than in the people that have to use their systems.
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The representations individuals make of the world surrounding them (their
mental models), however, are worth studying. Business systems designers
should be willing to improve their designs and a better understanding of
mental models would help them to do just that.
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Samenvatting
Kennismanagement: de rol van mentale modellen in het
ontwerpen van bedrijfssystemen.
Kennismanagement is nog een jong vakgebied. Zijn wortels gaan slechts
terug tot de jaren negentig van de twintigste eeuw. Commerciële belangen
hebben tot op heden geleid tot een enorme hoeveelheid aan boeken en
congressen op dit terrein. Hierbij wordt veel aandacht besteed aan de
manier waarop kennis wordt gecreëerd, verspreid en in organisaties wordt
gebruikt, maar ondanks deze aandacht, is tot op heden slechts zeer
beperkt echt wetenschappelijk en feitelijk onderzoek gedaan naar dit
onderwerp.
Het onderwerp ‘kennis’ is al enige eeuwen onderwerp van onderzoek.
Kennis kan worden gemeten en inmiddels zijn verschillende methoden
ontwikkeld om kennis te representeren, zowel kennis van individuen als
kennis van organisaties. Het ultieme doel van kennismanagement is het
verhogen van de kennisproductiviteit van organisaties. Om dat doel te
verwezenlijken moeten we de relaties tussen kennis en kennisproductiviteit
begrijpen.
Mentale modellen bevatten de kennisstructuur die mensen benutten bij het
plannen van acties, het interacteren met systemen, het uitvoeren van
geplande taken, het evalueren van resultaten en de verwachtingen over de
resultaten en bij de interpretatie van de systeemacties.
In dit onderzoek beantwoord ik de vraag in hoeverre mentale modellen
kunnen worden gebruikt als basis voor het voorspellen van performance en
het ontwerpen van systemen die ons helpen de performance van gewone
mensen te verbeteren. Dit wordt onderzocht door verschillen in
performance te vergelijken met verschillen tussen de mentale modellen van
individuen. Mentale modellen bevinden zich in de hoofden van mensen.
Daarom zijn methoden nodig om toegang te krijgen tot deze mentale
modellen. Voor het openen van de mentale ‘black box’ zijn methoden
ontwikkeld zoals ‘Pathfinder’ en ‘Teach-back protocols’. Met behulp van
deze methoden zijn we in staat een representatie van de mentale modellen
te maken. Deze representaties kunnen dan weer worden onderzocht en
met elkaar worden vergeleken.
Samenwerking tussen ‘kenniswerkers’ is een van de aspecten van
kennisproductiviteit. Individuen gebruiken mentale modellen bij de
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interactie met hun omgeving. Deze mentale modellen worden door de
interactie steeds verder verbeterd door uitbreiding en aanpassing. In een
veldexperiment hebben we de relaties tussen de mentale modellen van
individuen en hun performance onderzocht. Hierbij ging het om een nietcomplexe taak. We gebruikten daarbij Pathfinder om de mentale modellen
te visualiseren en te vergelijken. Uit dit experiment bleek dat de
overeenkomst tussen mentale modellen een voorspeller is van
performance. En hoewel mentale modellen tot dusver nauwelijks een rol
spelen in het kennismanagement debat blijkt zowel uit dit onderzoek als uit
ander onderzoek dat ‘cognitive science’ (waarin mentale modellen worden
onderzocht) een bijdrage kan leveren aan het beter begrijpen van
kennisproductiviteit.
Gordon Pask heeft ontdekt dat er drie vormen zijn waarin mentale modellen
kunnen worden gestructureerd (leerstijlen). Leerbaarheid is een belangrijk
aspect bij systeemontwerp. Wanneer we systemen ontwerpen om
performance te optimaliseren moeten we mogelijk rekening houden met
deze leerstijlen. In een empirisch onderzoek onderzochten we de leerstijl
van 116 proefpersonen die allemaal in dezelfde organisatie werkzaam
waren. We onderzochten de relaties tussen hun leerstijl en verschillende
individuele karakteristieken zoals opleidingsniveau, werkervaring, geslacht
etc. Ook stelden we de mentale modellen vast van een deel van deze 116
proefpersonen. Vervolgens onderzochten we in hoeverre we de verschillen
in leerstijlen terugzagen in verschillen in de structuur van de mentale
modellen. Uit dit onderzoek bleek dat individuen die en combinatie van
‘operation’ en ‘comprehension learning’ hebben significant verschillen van
mensen die maar één leerstijl hebben. De verschillen in leerstijl leiden niet
alleen tot verschillen in de mentale modellen, maar deze verschillen
worden zelfs groter na verloop van tijd. Hieruit kunnen we de conclusie
trekken dat ook performance verschillen zullen toenemen gedurende het
leerproces van individuen.
Uiteraard hebben verschillende factoren invloed op kennisproductiviteit en
het is onmogelijk ze allemaal te onderzoeken. In een empirisch onderzoek
onderzochten we de relaties tussen twee variabelen en kennisproductiviteit
in een complexe taak: gedeelde conceptuele modellen en
voorgedefinieerde taken. Uit dit onderzoek bleek dat voorgedefinieerde
taken leiden tot een hogere kennisproductiviteit (zowel economische
efficiëntie als initiatief bij falen). Ook bleek dat een gedeeld conceptueel
model en het ontbreken van voorgedefinieerde taken de beste conditie voor
communicatie schept. Verder bleek dat voorgedefinieerde taken in de
structuur van de mentale modellen tot uiting komen.
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Kennismanagement zal zijn huidige populariteit bij managers snel verliezen
als niet praktische manieren voor het verhogen van de kennisproductiviteit
van organisaties worden gevonden. Wij pasten de CommonKads procesen taakanalysemethode toe in een business case om de
kennisgerelateerde problemen van een organisatie vast te stellen. De
resultaten bespraken we met het management van de organisatie. Daarbij
werden de kennisgerelateerde knelpunten tegen de bedrijfsstrategie
gehouden, waarbij de prioriteit voor het oplossen van de knelpunten werd
vastgesteld. Vastgesteld werd dat met name de HRM-strategie aanpassing
behoefde en wel in zodanige richting dat daarmee kenniscreatie en
kennisdeling zou worden gestimuleerd. Vervolgens is een nieuw
functiegebouw ontwikkeld dat de managers handvatten biedt om de
kennisproductiviteit te verhogen.
De CommonKads aanpak bleek duidelijke toegevoegde waarde te hebben
bij de strategieontwikkeling met name door de meer objectieve presentatie
van kennisgerelateerde problemen. Dat de presentatie in de vorm van een
‘shared conceptual modeling’ sessie plaatsvond droeg daartoe in
belangrijke mate bij. Hierdoor konden perceptuele verschillen tussen de
managers helder worden gemaakt en werden deze managers gedwongen
zich over hun doelen uit te spreken. Hierdoor werd het makkelijker
consensus te bereiken over de maatregelen die getroffen moesten worden.
Binnen de Belastingdienst wordt een onderzoeksprogramma uitgevoerd
waarin de systematische vertaling van wetgeving naar de processen van de
Belastingdienst wordt ondersteund (POWER). In dit programma worden
twee benaderingen gecombineerd, de stock– en de flow-aanpak. De stockaanpak is gericht op het vastleggen van (gecodificeerde) kennis, terwijl de
flow-aanpak meer gericht is op het tot stand brengen van
kennisvoortbrengingsprocessen. Hoewel het programma op dit moment nog
volop in ontwikkeling is kunnen al de eerste resultaten worden gemeld. De
tot dusver ontwikkelde methoden helpen bij het verbeteren van de kwaliteit
van (nieuwe) wetgeving en het codificeren van de kennis die gebruikt wordt
bij het vertalen van wetgeving in procedures, computerprogramma etc. De
methode die binnen POWER is ontwikkeld biedt de experts die veelal in
kennisgroepen werkzaam zijn een focuspunt. Door gezamenlijk binnen de
POWER-processen te werken ontwikkelen zij een gemeenschappelijk
mentaal model (en overeenkomstig vocabulaire). Op die wijze worden hun
kennis en hun aannames expliciet gemaakt en wordt een
gemeenschappelijk ‘kennis corpus’ gecreëerd. Dat kennis corpus is zo
ontworpen dat de inhoud traceerbaar is (hetgeen nodig is als kennis niet
adequaat blijkt te zijn) en kan worden gecertificeerd (hetgeen nodig is om
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de kwaliteit en actualiteit te kunnen garanderen en uiteindelijk ook een
betere rechtsgelijkheid). De ontwikkelde methoden en de wijze waarop
deze worden toegepast helpen de betrokken kenniswerkers ook een
gemeenschappelijk model te ontwikkelen over het implementatieproces van
wetgeving zelf. Kennismanagement kan dus empirisch-wetenschappelijk
worden onderzocht. Mentale modellen vormen daarin een centraal begrip.
Inzicht in de werking van mentale modellen maakt een beter ontwerp van
bedrijfsprocessen en informatiesystemen mogelijk.
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Synopsis
Knowledge management is a rather young discipline. Its roots go back only
to the nineties of the twentieth century. Commercial interests thus far have
led to a superfluous amount of books and congresses on this topic. Much
attention has been paid to ways of creating, disseminating and using
knowledge in organizations, but despite all these efforts, only little factual
scientific research has been done in this field.
The phenomenon ‘knowledge’ has been object of study for centuries.
Knowledge can be measured and many methods have been developed to
represent knowledge, both individual and organizational knowledge. The
ultimate aim of knowledge management is to increase organizations’
knowledge productivity. To achieve that aim we need to understand the
relationships between knowledge and knowledge productivity.
Mental models contain the knowledge structure that people use to plan
actions, interact with systems, execute planned tasks, evaluate results and
expectations of the results and for the interpretation of system actions.
In this study I answer the question in how far mental models can serve as a
basis for predicting performance and the design of systems that help to
increase the performance of normal people. This is studied by comparing
differences in performance with differences in individuals’ mental models.
Therefore we need methods that provide access to these mental models.
Methods like ‘Pathfinder’ en ‘Teach-back protocols’ have been developed to
open the mental ‘black box’. By means of these methods we can make a
representation of mental models. These representations can consequently
be studied and compared.
Co-operation between knowledge workers is one of the aspects of
knowledge productivity. Individuals use mental models when interacting
with their environment. Extension and adaptation during this interaction
further improve these mental models. We studied the relationships between
individuals’ mental models and their performance in a field experiment. The
specific case was a non-complex task. We used Pathfinder to visualize the
mental models and compare them. This experiment shows that mental
model similarity is a predictor of performance. ‘Cognitive science’ (studying
mental models) can contribute to a better understanding of knowledge
productivity. Nevertheless mental models thus far have not played an
important role in the knowledge management debate.
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Gordon Pask discovered three forms of mental model construction (learning
styles). Learnability is an important aspect of systems design. If we design
systems that aim at improving performance we should take these learning
styles into consideration. In an empirical study we examined the learning
style of 116 subjects all working in the same organization. We examined
the relationships between their learning styles and several individual
characteristics like education level, job duration, sex and so on. We also
measured the mental models of a sub set of these 116 subjects. We
consequently examined to what extent the differences in learning style are
reflected in differences in the structure of their mental models. This study
shows that individuals that combine ‘operation’ and ‘comprehension
learning’ significantly differ from individuals that only have one learning
style. Differences in learning style not only cause different mental models,
but these differences also increase over time. From these observations we
may draw the conclusion that differences in performance will increase
during the individuals’ learning process as well.
Many different factors have impact on knowledge productivity and it is
impossible to examine them all. In an empirical study we examined the
relationships between two variables and knowledge productivity in a
complex task: shared conceptual models and pre-defined tasks. This study
shows that pre-defined tasks lead to higher knowledge productivity (both
economical efficiency and initiative under failure). A shared conceptual
model combined with the absence of pre-defined tasks showed to be the
best condition for communication. Furthermore pre-defined tasks showed to
be reflected in the structure of the mental models.
Knowledge management will soon loose its current popularity amongst
managers if no practical measures for the improvement of knowledge
productivity are found. We applied the CommonKads process and task
analysis method in a business case to establish organization’s knowledge
related problems. The results were discussed with the organization’s
management. The knowledge related problems were then confronted with
the organization’s business policy and priorities were assigned to the
respective problem solutions. We established that the organization’s HRM
strategy needed adaptation in such direction that knowledge creation and
knowledge sharing would be stimulated. Consequently we designed a new
function building that offered the managers of that organization handles to
improve knowledge productivity.
The CommonKads approach offers a clear added value for strategy
development especially by its more objective presentation of knowledge
related problems. The fact that the presentation had the form of a ‘shared
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conceptual modeling’ session also contributed greatly to this result.
Because of this shared conceptual modeling we were able to clarify the
perceptual differences that existed between the managers that were now
forced to express themselves about their objectives. This way we could
easier reach consensus on the measures that had to be taken.
The DTCA (Belastingdienst) conducts a research program aimed at
supporting the systematic translation of legislation into its supporting
processes (POWER). In this program two approaches are combined, the
stock and the flow approach. The stock approach is aimed at codifying and
storing knowledge, while the flow approach aims at creating knowledge
creation processes. Although the program is still under construction some
results have already been achieved. The methods developed thus far help
to improve legal quality and support the codification of the knowledge that
is been used in translating legislation into procedures, computer programs
and so on. The method developed in POWER offers a focal point to the
experts, often working in knowledge groups. By co-operating together in the
POWER-processes these experts develop a common mental model (and
concordant vocabulary). This way their knowledge and beliefs are made
explicit and a common ‘knowledge corpus’ is being developed. The
knowledge corpus is designed in such a way that its content is tractable
(which is necessary if knowledge proves to be inadequate) and can be
certified (which is necessary to be able to guarantee the quality and
actuality of the knowledge and in the end equality before the law).
The method developed and its application help the knowledge workers
involved to develop a common model of the implementation process of
legislation itself.
Knowledge management can be examined empirically-scientifically. Mental
models play a central role in this research field. Insight in the mechanisms
behind these mental models helps to improve the design of business
processes and information systems.
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Appendix 1A
Questions Utopia

The questions below are designed to help you form an opinion about the
relationships between the variables in Utopia. Thinking about them and
answering them will make the game easier and more fun to play.
The variables in the game are as follows:
Road construction
Standard of Living
Docks
Environment
Education
Public Finances
Public Health
Social Programs
Welfare Programs
Housing Situation
Housing Construction
Jobs
Promotion of Industry
Transportation
Environmental Protection
Rate of Exchange ($)
Culture/Leisure
Price of Oil ($)
Resorts/Hotels
Revenue (Tourism)
Chemical Industry
Revenue (Chemical Industry)
Textile Industry
Revenue (Textile Industry)
Agriculture
Revenue (Agriculture)
Oil Production
Revenue (Export/Oil)
Fishing
Revenue (Fishing)
The variables on the right are the budgets you can change throughout the
game. Those on the left cannot be influenced directly, but are influenced by
the variables on the left.
Take your time answering the questions! You do not have to complete them
all. It is much more important to be complete than to be fast.
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Question 1
A.
Explain what variables are influenced by the variable ‘Fishing’ and
whether the relationships with those variables are negative or positive.
Pretend you are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Fishing’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.
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Question 2
A.
Explain what variables are influenced by the variable ‘Promotion of
Industry’ and whether the relationships with those variables are negative or
positive. Pretend you are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc..

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Promotion of
industry’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.
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Question 3
A.
Explain what variables influence ‘Revenue (tourism)’ and whether
the relationships with those variables are negative or positive. Pretend you
are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Revenue
(tourism)’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.
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Question 4
A.
What variables influence ‘Revenue (Chemical Industry)’ and
whether the relationships with those variables are negative or positive.
Pretend you are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Revenue
(Chemical Industry)’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc..
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Question 5
A.
Explain what variables influence ‘Revenue (Export/Oil)’ and
whether the relationships with those variables are negative or positive.
Pretend you are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Revenue
(Export/Oil)’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.
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Question 6
A.
Explain what variables influence ‘Road construction’ and whether
the relationships with those variables are negative or positive. Pretend you
are explaining this to a member of your group.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.

B.
Explain to the same member of your group why you think the
variables you named in part A of the question are related to ‘Road
construction’.
You can answer the question using any method you like. You can write,
draw pictures, make tables, etc.
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Appendix 1B

Questionnaire Utopia

With these questions we would like to gain more insight into how people
experience playing Utopia. All the results will be anonymous.
Below you will find several statements. Please tell us to whether these
statements are true by circling the appropriate number on the scale. The
scale ranges from never true to always true:
1
: never true
2
: almost never true
3
: not very often true
4
: sometimes true
5
: very often true
6
: true most of the time
7
: always true
Example:
I used to bite my nails.
Not true

1

2

3

4

5

6

7

True

If you never used to bite your nails, circle number 1. If used you bite your
nails whenever you got the chance, circle number 7. If you used to bite your
nails very rarely circle 2, and so on.
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The statements:

1.

Our actions were primarily guided by the way the group was organized.

Not true 1

2.

2

3

4

5

6

7 True

Most members of the group were very concerned with trying to convince
the others they were right.

Not true 1

3.

3

4

5

6

7 True

Sometimes getting along seemed more important than winning the game.

Not true 1

4.

2

2

3

4

5

6

7 True

I almost always understood what people meant when they said something
about the game.

Not true 1

5.

2

3

4

5

6

7 True

When someone proposed an action (to do something in the game), it
usually seemed very logical to me.

Not true 1

2

3

4

5

6

7 True
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6.

Responding well to the changes in the environment of Utopia was more
important than maintaining the structure of the group.

Not true 1

7.

4

5

6

7 True

2

3

4

5

6

7 True

Getting along with each other was the most important.

Not true 1
9.

3

The members of the group were behaving individualistically.

Not true 1

8.

2

2

3

4

5

6

7 True

Explaining to each other what we meant took a lot of time.

Not true 1

2

3

4

5

6

7 True

10. Most people seemed to think differently about the relationships in the
game than I did.
Not true 1

2

3

4

5

6

7 True

11. Most members of the group were concerned only with what they perceived
as their responsibility.
Not true 1

2

3

4

5

6

7 True
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12. It was very easy to explain my view to the others.
Not true 1

2

3

4

5

6

7 True

13. I felt I was only supposed to give my opinion about certain aspects of the
game.
Not true 1

2

3

4

5

6

7 True

5

6

7 True

14. Everyone tried to be friends.
Not true 1

2

3

4

15. Most people saw the relationship between the variables in Utopia the same
way I did.
Not true 1

2

3

4

5

6

7 True

16. Our actions were primarily guided by the changes in the environment of
Utopia.
Not true 1

2

3

4

5

6

7 True

17. There was a lot of pressure in the group to do everything right.
Not true 1

2

3

4

5

6

7 True
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18. There were very few misunderstandings between people.
Not true 1

2

3

4

5

6

7 True

19. I think most people thought the same about the connections between the
variables in the game as I did.
Not true 1

2

3

4

5

6

7 True

20. I felt the group was working as a whole, as opposed to every member
working on his own.
Not true 1

2

3

4

5

6

7 True

6

7 True

21. The communication in our group was smooth.
Not true 1

2

3

4

5

22. During the game I felt free to let everyone know my opinion about every
aspect of the game.
Not true 1

2

3

4

5

6

7 True

23. Many of the members of the group were working on their own.
Not true 1

2

3

4

5

6

7 True

24. Everyone was primarily concerned with the results of the game.
Not true 1

2

3

4

5

6

7 True

25. Most people knew immediately what I meant, when I said something about
the game.
Not true 1

2

3

4

5

6

7 True
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26. Getting good results was the most important.
Not true 1

2

3

4

5

6

7 True

27. There were many of misunderstandings between people.
Not true 1

2

3

4

5

6

7 True
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Results chapter 5

Variable

Condition

Significance of effect

1. Organization vs.

Shared MM or not

F(1,24)= .38 ;

Environment Relationship

p= .54
Predefined Tasks or not

F(1,24)= 1.18 ;
p= .29

Interaction effect

F(1,24)= .03;
p= .86

2. Nature of Human

Shared MM or not

Relationship

F(1,24)= .35 ;
p= .56

Predefined Tasks or not

F(1,24)= .35;
p= .56

Interaction effect

F(1,24)= .35;
p= .56

3. Task vs. Relationship

Shared MM or not

Orientation

F(1,24)= .64;
p= .43

Predefined Tasks or not

F(1,24)= 1.41 ;
p= .25

Interaction effect

F(1,24)= .91 ;
p= .35

4. Good vs. Bad

Shared MM or not

Communication

F(1,24)= .90 ;
p= .35

Predefined Tasks or not

F(1,24)= .38 ;
p= .55

Interaction effect

F(1,24)= 3.20 ;
p= .09*
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5. Long-term stability

225

Shared MM or not

F(1,24)= .11;
p= .76

Predefined Tasks or not

F(1,24)= .86 ;
p= .41

Interaction effect

F(1,24)= .05 ;
p= .83

6. Readiness to take risks

Shared MM or n

F(1,24)= 1.91 ;

Interaction effect or

p= .24

Predefined Tasks or not

F(1,24)= 3.58 ;
p= .13

Interaction effect

F(1,24)= 1.07;
p= .36

7. Variation of interventions

Shared MM or not

F(1,24)= .16;
p= .71

Predefined Tasks or not

F(1,24)= .36 ;
p= .58

Interaction effect

F(1,24)= .75 ;
p= .43

8. Use of aids

Shared MM or not

F(1,24)= 2.59 ;
p= .18

Predefined Tasks or not

F(1,24)= .07 ;
p= .81

Interaction effect

F(1,24)= 1.31 ;
p= .32
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9. Preliminary use of
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Shared MM or not

information

F(1,24)= 1.65;
p= .27

Predefined Tasks or not

F(1,24)= .09 ;
p= .79

Interaction effect

F(1,24)= .60 ;
p= .48

10. Target control

Shared MM or not

F(1,24)= 4.33 ;
p= .11

Predefined Tasks or not

F(1,24)= .16 ;
p= .71

Interaction effect

F(1,24)= 1.95 ;
p= .24

11. Economical efficiency

Shared MM or not

F(1,24)= .85 ;
p= .41

Predefined Tasks or not

F(1,24)= 18.19 ;
p= .01**

Interaction effect

F(1,24)= 1.08 ;
p= .36

12. Flexibility

Shared MM or not

F(1,24)= .08 ;
p= .79

Predefined Tasks or not

F(1,24)= .90 ;
p= .40

Interaction effect

F(1,24)= .41 ;
p= .56
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13. Priority setting
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Shared MM or not

F(1,24)= 3.13 ;
p= .15

Predefined Tasks or not

F(1,24)= .31;
p= .61

Interaction effect

F(1,24)= 1.35 ;
p= .31

14. Initiative under failure

Shared MM or not

F(1,24)= 4.05;
p= .11

Predefined Tasks or not

F(1,24)= 11.95 ;
p= .03 **

Interaction effect

F(1,24)= .52 ;
p= .51

15. Target control under

Shared MM or not

failure

F(1,24)= 1.58 ;
p= .28

Predefined Tasks or not

F(1,24)= .49 ;
p= .52

Interaction effect

F(1,24)= 4.57 ;
p= .10*

16. Goal optimization

Shared MM or not

F(1,4)= .16; p= .71

Predefined Tasks or not

F(1,4)= 1.1; p= .36

Interaction effect

F(1,4)= .032; p= .87

Table A.5.8.1. The results of the univariate analysis *:p ≤ .10, **:p ≤ .05.
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Memory versus Search in Games
Promotor:
prof.dr. H.J. van den Herik
(UM/RUL)
Promotie:
16 oktober 1998
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E.W.Oskamp (RUL)
Computerondersteuning bij Straftoemeting
Promotores:
prof.mr. H. Franken
prof.dr. H.J. van den Herik
Promotie:
13 mei 1998

1999
99-1

Mark Sloof (VU)
Physiology of Quality Change Modelling; Automated
modelling of
Quality Change of Agricultural Products
Promotor:
prof.dr. J. Treur
Co-promotor:
dr.ir. M. Willems
Promotie:
11 mei 1999

99-2

Rob Potharst (EUR)
Classification using decision trees and neural nets
Promotor:
prof. dr. A. de Bruin
Co-promotor:
dr. J.C. Bioch
Promotie:
4 juni 1999

99-3

Don Beal (Queen Mary and Westfield College)
The Nature of Minimax Search
Promotor:
prof.dr. H.J.van den Herik
Promotie:
11 juni 1999

99-4

Jacques Penders (KPN Research)
The practical Art of Moving Physical Objects
Promotor:
prof.dr. H.J. van den Herik
Co-promotor:
dr. P.J. Braspenning
Promotie:
11 juni 1999

99-5

Aldo de Moor (KUB)
Empowering Communities: A Method for the Legitimate
User-Driven
Specification of Network Information Systems
Promotor:
prof.dr. R.A. Meersman
Co-promotor:
dr. H. Weigand
Promotie:
1 oktober 1999
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99-6

Niek J.E. Wijngaards (VU)
Re-design of compositional systems
Promotor:
prof.dr. J. Treur
CoPromotor:
dr. F.M.T. Brazier
Promotie:
30 september 1999

99-7

David Spelt (UT)
Verification support for object database design
Promotor:
prof. dr. P.M.G. Apers
Assistent Promotor:
dr. H. Balsters
Promotie:
10 september 1999

99-8

Jacques H.J. Lenting (UM)
Informed Gambling: Conception and Analysis of a MultiAgent Mechanism
for Discrete Reallocation.
Promotor:
prof. dr. H.J. van den Herik
Co-promotor:
dr. P.J. Braspenning
Promotie:
3 december 1999

2000
2000-1

Frank Niessink (VU)
Perspectives on Improving Software Maintenance
Promotor:
prof.dr. J.C. van Vliet (VU)
Promotie:
28 maart 2000

2000-2

Koen Holtman (TUE)
Prototyping of CMS Storage Management
Promotores:
prof. dr. P.M.E. De Bra
prof. dr. R.H. McClatchey
Co-promotor:
dr. P.D.V. van der Stok
Promotie:
29 mei 2000

2000-3 Carolien M.T. Metselaar (UVA)
Sociaal-organisatorische gevolgen van kennistechnologie;
een procesbenadering en actorperspectief.
Promotor:
prof. dr. B.J. Wielinga
Co-promotor:
dr. P.A.A. van den Besselaar
Promotie:
20 juni 2000
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2000-4

Geert de Haan (VU)
ETAG, A Formal Model of Competence Knowledge for
User Interface
Design
Promotor:
prof. dr. J.C. van Vliet
Co-promotores:
dr. G.C. van der Veer
dr. M.J. Tauber
Promotie:
10 oktober 2000

2000-5

Ruud van der Pol (UM)
Knowledge-based Query Formulation in Information
Retrieval.
Promotores:
prof.dr. H.J. van den Herik
(UM/RUL)
prof.dr.ir. J.L.G. Dietz (TUD)
prof.dr.ir. A. Hasman (UM)
Promotie:
14 september 2000

2000-6

Rogier van Eijk (UU)
Programming Languages for Agent Communication
Promotor:
prof. dr. John-Jules Ch. Meyer
Co-promotoren:
dr. Frank S. de Boer
dr. Wiebe van der Hoek
Promotie:
18 oktober 2000

2000-7

Niels Peek (UU)
Decision-theoretic Planning of Clinical Patient
Management
Promotor:
prof.dr. J.-J. Ch. Meyer
Co-promotor:
dr.P.J.F.Lucas
Promotie:
30 oktober 2000

2000-8

Veerle Coupé (EUR)
Sensitivity Analyis of Decision-Theoretic Networks
Promotores:
prof.dr.J.D.F. Habbema
prof.dr.ir.L.C van der Gaag
Promotie:
27 september 2000
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2000-9

Florian Waas (CWI)
Principles of Probabilistic Query Optimization
Promotor:
prof. dr. M.L. Kersten (CWI/UvA)
Promotie:
03 november 2000

2000-10

Niels Nes (CWI)
Image Database Management System Design
Considerations, Algorithms and Architecture
Promotor:
prof. dr. M.L. Kersten (CWI/UvA)
Promotie:
14 december 2000

2000-11

Jonas Karlsson (CWI)
Scalable Distributed Data Structures for Database
Management
Promotor:
prof. dr. M.L. Kersten (CWI/UvA)
Promotie:
14 december 2000

2001
2001-1

Silja Renooij (UU)
Qualitative Approaches to Quantifying Probabilistic
Networks
Promotores:
prof.dr. J.-J.Ch. Meyer (UU)
prof.dr.ir. L.C. van der Gaag (UU)
Co-promotor:
dr. C.L.M Witteman (UU)
Promotie:
12 maart 2001

2001-2

Koen Hindriks (UU)
Agent Programming Languages: Programming with Mental
Models
Promotor:
prof. dr. J.-J.Ch. Meyer (UU)
Co-promotoren:
dr. W. van der Hoek (UU)
dr. F.S. de Boer (UU)
Promotie:
5 februari 2001

2001-3

Maarten van Someren (UvA)
Learning as problem solving
Promotor:
prof. dr. B.J. Wielinga (UvA)
Promotie:
1 maart 2001
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2001-4

Evgueni Smirnov (UM)
Conjunctive and Disjunctive Version Spaces with InstanceBased Boundary Sets
Promotor:
prof. dr. H.J. van den Herik
(UM/RUL)
Promotie:
22 februari 2001

2001-5

Jacco van Ossenbruggen (VU)
Processing Structured Hypermedia: A Matter of Style
Promotor:
prof.dr. J.C. van Vliet (VU)
Promotie:
10 april 2001

2001-6

Martijn van Welie (VU)
Task-based User Interface Design
Promotor:
prof.dr. J.C. van Vliet (VU)
Co-promotores:
dr. G.C. van der Veer (VU)
dr. A. Eliens (VU)
Promotie:
17 april 2001

2001-7

Bastiaan Schonhage (VU)
Diva: Architectural Perspectives on Information
Visualization
Promotor:
prof. dr. J.C. van Vliet (VU)
CoPromotor:
dr. A. Eliëns (VU)
Promotie:
8 mei 2001

2001-8

Pascal van Eck (VU)
A Compositional Semantic Structure for Multi-Agent
Systems Dynamics.
Promotores:
prof.dr. F.M.T. Brazier (VU)
prof.dr. J. Treur (VU)
Promotie:
12 juni 2001

2001-9

Pieter Jan 't Hoen (RUL)
Towards Distributed Development of Large ObjectOriented Models,
Views of Packages as Classes
Promotor:
prof. dr. G. G. Engels
Co-promotoren: dr. L.P.J. Groenewegen
dr. P.W.M. Koopman
Promotie:
25 oktober 2001
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Maarten Sierhuis (UvA)
Modeling and Simulating Work Practice
BRAHMS: a multiagent modeling and simulation language
for work practice analysis and design
Promotores:
prof. dr. R. de Hoog (UvA)
prof. dr. B. Wielinga (UvA)
Co-promotor:
dr. W.J. Clancey (IHMC/NASA Ames
Research Center)
Promotie:
28 september 2001
Tom M. van Engers (VUA)
The Role of Mental Models in Business Systems Design
Promotor:
prof.dr. J.M. Akkermans (VUA)
Co-promotor:
dr. G.C. van der Veer (VUA)
Promotie:
11 december 2001
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