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Chapter 1

INTRODUCTION

I hear and I forget.
I see and I believe.

I do and I understand.
– Confucius (551-479 BC)

Without necessarily realising it, people learn throughout all of their
lives. Some of the learning takes place explicitly at school or during
courses. At other times, learning takes place without the learner even
being aware of it.

The focus of this thesis is learning, in particular the role of meta-
cognitive skills in learning to solve problems. Theories of learning that
describe how the acquisition of knowledge and skills takes place have
changed dramatically over the last few decades. From an initial per-
spective of strengthening stimulus-response patterns, learning theories
have evolved into situating the learner at center court.

The currently prevailing paradigm for learning is constructivism. Ac-
cording to Perkins constructivism concerns “... the notion of the or-
ganism as ‘active’- not just responding to stimuli, as in the behaviorist
rubric, but engaging, grappling, and seeking to make sense of things”
(Perkins, 1992, p. 49).

Basic points of constructivism are that learners actively construct
knowledge by anchoring new information to their existing knowledge
base (Ausubel, Novak & Hanesian, 1978). Active learning concerns de-
veloping meaning based on experiences (Bednar, Cunningham, Duffy &
Perry, 1992). Construction supports deep understanding (Ausubel et
al., 1978). Constructivist learning materials consist of authentic cases
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in realistic settings and everyday (ill-defined) problems (Brown, Collins
& Duguid, 1989; Spiro, Feltovich, Jacobson & Coulson, 1992). In such
problems no criteria are put forward for the solution (Simon, 1973).
Multiple ‘correct’ solutions exist. Learning is contextualised (Jonassen,
1991). The context in which learning takes place provides cues that make
knowledge more easily accessible and retrievable. Providing multiple
contexts and perspectives on knowledge enhances elaboration (Cunning-
ham, 1992). Collaboration requires learners to articulate their knowledge
which directly supports understanding and conceptual change.

Central to constructivism are processes such as self-regulation and
reflection (Schön, 1988) because learning is student-centered and solv-
ing ill-defined problems requires a different approach than solving well-
defined problems (Voss & Post, 1988; Jonassen, 1997; Shin, Jonassen
& McGee, 2003). For one, problem solvers have to monitor the prob-
lem representation process, which is more complex than in well-defined
problems and they have to monitor the solution process (Xun & Land,
2004). In that sense, metacognitive skills appear to be at the core of
solving ill-defined problems (Brown, Bransford, Ferrara & Campione,
1983; Jacobs & Paris, 1987).

Various metacognitive skills such as reflecting on the problem, com-
prehension monitoring, planning, monitoring and evaluating the learn-
ing process can be used in order to regulate learning and reflect on what
one is doing (Veenman, 1993). Empirical research indicates that meta-
cognition is positively related to learning success (Brown, 1987; Glaser,
1989; Wang, Haertel & Walberg, 1990; Veenman, 1993; Butler, 1998;
Veenman & Elshout, 1999).

The main aim of this thesis is to give insight into the role of meta-
cognitive skills in learning to solve problems, specifically in constructivist
learning environments.

In general, electronic learning environments support the constructivist
learning paradigm. Technology is the enabling factor in order to opera-
tionalise and implement constructivist principles (Duffy & Cunningham,
1996; Jonassen, 1998; Jonassen, 1999). Essential to a constructivist
learning environment is that it is ‘open’-ended in the sense that the
learner is in control, instead of the environment. Such environments are
need-driven and interaction is learner-initiated. The goal of open-ended
learning environments is “to provide authentic contexts for learners to
identify their beliefs, test their validity, refine them in ways consistent
with data, and gradually evolve alternative understanding” (Land &
Hannafin, 1997, p69). Furthermore, a constructivist learning environ-
ment must present an interesting, ill-defined problem to the learners in
a real-world context. The problem space should enable simulation of
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the problem in its natural context and the possibility of manipulating
aspects of that problem. Learners should be able to change parameters
of the problem and subsequently interpret the effects of the changes.
Also the learner can set his or her own learning goals.

Cognitive tools can support the learning and problem solving pro-
cess. Cognitive tools are computer tools that are intended to engage
and facilitate cognitive processing (Kommers, Jonassen & Mayes, 1992).
Jonassen (1999) also calls them mind tools. The general idea behind
cognitive tools is that instead of designing a learning environment ready-
made, learners can use cognitive tools in order to represent and construct
knowledge themselves. Such tools are, for example, visualization tools
that support representation of information in different formats. In or-
der to support the collaborative aspect in learning in the constructivist
paradigm, cognitive tools can be used, such as e-mail, chat, video con-
ferencing or shared document work spaces that enable the collaborative
writing of documents.

Games and simulations fit especially well in the constructivist paradigm.
Ideally, in games and simulations learners are able to explore and ex-
perience the effects of their activities based on realistic case material.
Despite positive expectations about the use of games and simulations
in a constructivist learning context, research points out that these ex-
pectations can not always be confirmed with empirical results. Several
studies indicate that learning results are often suboptimal. De Jong
and Van Joolingen (1998) reviewed several studies concerning the use
of simulations in scientific discovery learning. Their conclusion is that
students have problems with discovery learning. Moreover, they state
that using simulations without additional guidance and support will not
lead to optimal learning results. Characteristic problems that students
encounter fall into the classes hypothesis generation, designing experi-
ments, interpreting data and regulating learning.

Recent work on inductive discovery learning in simulations by Hulshof
(2001), Prins (2002) and van Rijn (2003) shows that learning results in
a simulation for the domain of Optics are similarly weak. Van Rijn how-
ever, argues that there is a gap between the results found on the know-
ledge tests used and the knowledge actually acquired by the students.
Basically, teachers expect learner behaviour (and focus their tests on
this expected behaviour) that is different from actual learner behaviour.
The author identifies three general principles that influence learner be-
haviour in inductive learning tasks. First, learners prefer to formulate
hypotheses that are as simple as possible and also explanations that are
as simple as possible for the observed phenomena. Learners appear to
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use a trade-off between efforts in conducting experiments and the pos-
sible increase in knowledge. Second, learners’ prior knowledge about a
domain and the task at hand has a large influence on the learning re-
sults. For example, when primed with the notion of interaction effects
between variables, students report such effects more than students who
are not primed. Third, the saliency of discrepancies between the dis-
covered effects and prior knowledge determines the depth of knowledge
and skills acquired in a domain. As a consequence, learners do acquire
knowledge but not necessarily the knowledge that they are expected to
acquire.

Although there is no strict division (Leemkuil, de Jong & Ootes, 2000)
games are different from simulations in the sense that a competitive
element is added to the environment. This element concerns reaching
the best score compared to others playing the game or beating ‘the
system’. Additionally, a surprise element is often included which makes
a game appealing and motivating. Surprise elements can be unexpected
situations, or the possibility of taking risks.

Empirical results concerning the effects of educational games or simula-
tion games on the acquisition of knowledge and skills are scarce. The
existing empirical results are based on outdated systems. A meta-study
into the use of computer and video games for learning (Mitchel & Savill-
Smith, 2004) concludes that games are supposed to be a very effective
means to enhance learning in all respects but empirical results that un-
derpin this are limited. The conclusion is mainly based on a review
study on the effects of simulation-games performed by Randel, Morris,
Wetzel and Whitehill in 1992. They refer to a study conducted in the
domain of Mathematics. For this domain, it appeared that the majority
of simulation-games was superior to traditional classroom instruction.
This effect was mostly due to the fact that learning was strongly fo-
cused on reaching the learning objectives.

Leemkuil, de Jong, de Hoog and Christoph (2003) conclude that sim-
ulations and games are only effective if sufficient instructional support is
given and clear learning goals are formulated. Such support can take the
form of scaffolding, just-in-time information, feedback and/or coaching
mechanisms. This can provide more guidance to students, as a result of
which the learning environment becomes less exploratory. Presumably,
this is beneficial for the learning process.

In conclusion, despite the promises of the constructivist paradigm, em-
pirical research does not always show positive results on learning effects
of games and simulations. This leads to the following research questions:



Introduction 5

To what extent do simulation-games support learning to
solve problems in the constructivist paradigm?

What is the role of metacognitive skills in learning to
solve problems in simulation-games?

Although simulation-games can be less exploratory than discovery
learning simulations, it remains a question as to what type of support one
should add to such an electronic learning environment. Various forms of
instructional support exist and have been subject to investigation.

A possible way of supporting the problem solving process is proposed
by Mettes and Pilot (1980). They propose a Systematic Approach to
Problem solving (SAP) for the domain of Thermodynamics in the form
of a compiled task model which consists of subtasks and activities. Stu-
dents instructed with this model outperform students who have not seen
the task model (Mettes & Pilot, 1980). Although the domain of Thermo-
dynamics contains well-defined problems, the notion of a SAP could also
be supportive for solving ill-defined problems.

Supporting a systematic approach to problem solving can be especially
beneficial for regulating learning behaviour (De Jong & Van Joolingen,
1998). It is likely that the inclusion of a model that prescribes how to
solve certain problems supports planning of activities. Such a model
describes what activities should be performed in what sequence in order
to complete the task. In that sense, the task of the students is made
easier. Task decomposition decreases task complexity. This leads to the
following research question:

What is the added value of a task model as a form of in-
structional support for learning to solve problems in a
simulation-game?

The research questions formulated in this chapter are investigated in
a constructivist simulation-game that is called KM Quest which is de-
scribed in chapter 3 of this thesis. This game is collaborative; teams of
students learn to solve Knowledge Management (KM) problems. These
problems can be considered complex and ill-defined in nature because
knowledge is a different type of resource to be managed than other re-
sources used in a company (Wiig, de Hoog & van der Spek, 1997).

Three empirical studies are conducted in order to answer the research
questions formulated in this chapter. In the first two empirical studies
in chapters 4 and 5, meaningful learning and the self-reported use of
metacognitive skills of learners that are playing KM Quest is assessed.
In the third empirical study, which is described in chapter 6, the added
value of a task model is investigated. In chapter 7 the main conclusions
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of this thesis are described. In the next chapter relevant theories of
metacognition, learning and problem solving are discussed in order to
develop a theoretical model of learning to solve problems.



Chapter 2

THEORETICAL MODEL

In this chapter the theoretical foundation for this thesis is laid down.

Three building blocks are discussed: theories of metacognition, theories

of learning and theories of problem solving. Metacognition concerns ex-

ecutive control over cognitive processes. Two aspects of metacognition

are usually distinguished: a knowledge and a regulatory component, of

which the latter is the central focus in this thesis. In constructivist learn-

ing environments that emphasize the experience and personal knowledge

structure of the learner, metacognitive skills are thought to be at the core

of learning. Theories of problem solving vary a great deal in the extent to

which they acknowledge metacognitive behaviour. On the one end there

is the model of problem solving of Newell and Simon (1972) that does

not discuss metacognition at all and on the other end there is, for ex-

ample, the model of Jansweijer (1988) that is strongly based on the role

of a domain-independent meta-problem solver. This chapter ends with a

theoretical model of learning and problem solving that takes into account

an object-, task- and meta-level. Problem solving occurs at each of these

levels. One view on learning in the theoretical model concerns being able

to apply knowledge from one level to the other.

2.1 Introduction
In this chapter the theoretical background of the presented research is

described. Relevant theories and results of current research in the field
of instructional technology are reviewed. The main aim of the research
is to acquire insight into the role of metacognitive skills in learning to
solve problems in constructivist learning environments. The research is
built on three main building blocks: theories of metacognition, learning
and problem solving.

7
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First an overview of relevant literature concerning the construct of
metacognition is given. Metacognition is assumed to play an impor-
tant role in learning, specifically in the constructivist paradigm. In the
constructivist paradigm, reflection and self-regulation is much more im-
portant than in earlier learning paradigms. Self-regulated learning, for
instance, encompasses metacognitive, motivational and behavioural as-
pects of learning (Zimmerman & Martinez-Pons, 1988). Then, several
models of problem solving and the role that metacognition plays in these
models, are discussed. Also the extent to which these models for prob-
lem solving fit in the constructivist paradigm is elaborated upon. The
chapter concludes with a theoretical model that specifies the role of
metacognition in learning and problem solving. It is this theoretical
model that guides the empirical research described in the next chapters
of this thesis.

2.2 The nature of metacognition
Generally speaking, metacognition concerns executive control over

how task completion proceeds. Flavell first coined the term in 1976
and stated:

“Metacognition refers to one’s knowledge concerning one’s own cognitive pro-
cesses and products or anything related to them.[...] Metacognition refers,
among other things, to the active monitoring and consequent regulation and
orchestration of these processes in relation to the cognitive objects on which
they bear, usually in the serve of some concrete goal or objective.” (Flavell,
1976, p. 232)

Brown (1978) also acknowledges cognitive and metacognitive processes.
Metacognitive processes are used to decide which cognitive processes are
necessary in order to perform a task.

Metacognition can be seen as a psychological construct. A psycho-
logical construct is a phenomenon that is intangible, it is not directly
measurable. In order to draw conclusions about a construct one needs
to give it an operational definition or description in order to transform
it into measurable variables or units. Two components can be distin-
guished in the construct of metacognition: a knowledge and a regu-
latory component (Flavell, 1987; Sternberg, 1988; Schraw, 1998; Pin-
trich, Wolters & Baxter, 2000). The knowledge component refers to
the knowledge the individual has about his or her own cognition and
about cognition in general. It concerns static knowledge in long-term
memory. In metacognitive knowledge three types of knowledge can be
distinguished (Brown, 1987; Jacobs & Paris, 1987; Schraw & Moshman,
1995; Schraw, 1998; Pintrich, et al., 2000): declarative (knowing what),
procedural (knowing how) and conditional knowledge (knowing when
and why). Declarative metacognitive knowledge concerns factual know-
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ledge the learner has about his or her cognitive processes, for instance,
knowledge about problem solving strategies. Procedural metacognitive
knowledge concerns the knowledge of the learner how to use these strate-
gies. Conditional metacognitive knowledge concerns the knowledge when
and why to apply the various types of problem solving strategies.

The regulation of cognition refers to the activities a learner can per-
form in order to guide the learning and problem solving process. Reg-
ulation of cognition is often split up in two processes: monitoring and
control (Pintrich, et al., 2000; Son & Schwartz, 2002). The monitoring
process refers to the ongoing assessment of learning and problem solv-
ing behaviour, whereas the control process refers to the adaptation and
change of cognition or behaviour. A further operationalisation of mon-
itoring and control leads to the identification of metacognitive skills. A
number of metacognitive skills and strategies is identified in the litera-
ture.

Pintrich, et al. (2000) point to the following metacognitive skills re-
lated to monitoring and control. Monitoring includes Assessing task
difficulty, Comprehension monitoring, Feeling-of-knowing estimates and
Confidence ratings. Control activities are: Planning (setting goals for
learning, time use and performance), Strategy selection and use (making
decisions about which strategies to use for a task, or when to change
strategies while performing a task), Allocation of resources (control and
regulation of time use, effort, pace of learning and performance) and
Volitional control (control and regulation of motivation, emotion and
environment).

Sternberg (1980; 1985; 1986) discusses metacognitive skills from a
different angle. He identifies three information processing components:
meta-components, performance components and knowledge acquisition
components. The meta-components are relevant in the executive pro-
cess in order to plan, monitor and evaluate the problem solving process.
Meta-components are: Deciding whether a problem is at stake, Defining
the nature of a problem, Creating substeps or subcomponents of the prob-
lem, Planning, Searching for appropriate strategies, Selecting a mental
representation of information, Allocating resources and Solution moni-
toring. These can all be seen as metacognitive skills.

Jacobs and Paris (1987) identify three main metacognitive skills namely:
Planning (the selection of appropriate strategies and the allocation of
resources that affect performance), Monitoring an ongoing activity (the
on-line awareness of task performance and comprehension) and Reflect-
ing on one’s learning results (the appraising of products and efficiency
of one’s learning).
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In research concerning reading and writing, many researchers have
identified Comprehension monitoring skills (Osman & Hannafin, 1992;
Pressley & Afflerbach, 1995) (1992). This concerns the ability to recog-
nize a failure to comprehend, and to know when and how to remediate
this failure.

Veenman (1993) developed an approach to measuring the use of meta-
cognitive skills that is based on the systematic approach to problem solv-
ing of Mettes and Pilot (1980). This approach consists of a hierarchical
set of problem solving activities that is compiled at the task-level. Their
model is discussed in more detail on page 20. Veenman’s starting points
are the following metacognitive strategies:

Reflecting on the nature of a problem

Comprehension monitoring

Predicting the consequences of an action or event

Planning of activities

Monitoring the ongoing activities

Checking results of one’s actions

Testing for plausibility

Reflecting on one’s learning performances

Based upon these strategies he developed the notion of the Effec-
tive working method which is an organised set of activities for passing
through the problem solving process in an orderly way. It concerns a
decomposition of the eight metacognitive strategies he has taken as a
starting point. The effective working method consists of the following
categories:

Deep orientation: analysing the problem statement, determining in-
dependent and dependent variables, building a mental model of the
task, generating hypotheses and predictions.

Systematic planning : quality of planning activities, systematic exe-
cution of plans, completing an orderly sequence of actions and the
avoidance of unsystematic events.

Accurate execution: precision in calculation, correct usage of units
and quantities, the tidiness and completeness of note taking, avoid-
ance of negligent mistakes.
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Evaluation: monitoring and checking in terms of detecting errors but
also with respect to keeping track of the progress made.

Elaboration: indications of recapitulating, drawing conclusions, re-
lating these to subject matters and generating explanations.

In different domains such as Optics, Physics and Statistics, the effec-
tive working method was used in order to measure metacognitive skill-
fulness. It appeared to be strongly related to learning success.

In the literature the concept ‘strategy’ is sometimes used to refer to
the cognitive level, i.e. cognitive strategies (Pintrich et al., 2000; Jacobs
& Paris, 1987) and sometimes it is used to denominate control aspects of
behaviour which belongs to the metacognitive level, i.e. metacognitive
strategies. Flavell clearly describes ‘strategies’ at both levels of infor-
mation processing: “Cognitive strategies are invoked to make cognitive
progress, metacognitive strategies to monitor it” (Flavell, 1979, p. 6).
Examples of cognitive strategies are rehearsal (repeating), elaboration
(summarising, paraphrasing) and organisation (outlining, concept map-
ping, note-taking) (Weinstein & Mayer, 1986). To conclude, strategies
exist at both the cognitive and the metacognitive level. At the cogni-
tive level they concern a typical way of information processing, at the
metacognitive level they concern control over the (strategies belonging
to the) cognitive level.

Additionally, in the discussion in the literature about the regulatory
aspect of metacognition the concepts ‘strategies’ and ‘skills’ are used
interchangeably. Our view is that a metacognitive strategy is opera-
tionalised into a metacognitive skill. Procedural metacognitive know-
ledge is necessary in order to do this.

Finally, it can be seen that Veenman’s list of metacognitive strategies
most adequately reflects the range of possible metacognitive strategies
identified in the literature. Therefore, this enumeration is taken as a
starting point for the empirical studies conducted in this thesis.

2.2.1 Dual nature and generality
Two main issues play a role in the concept of metacognition: its dual

nature and its generality. The dual nature is concerned with how meta-
cognition and cognition are intertwined. Metacognition differs from cog-
nition in the sense that cognitive knowledge and skills are necessary to
perform a task whereas metacognition is necessary in order to under-
stand how a task can be performed (Garner, 1987). However, often it is
hard to distinguish the two, since metacognitive intentions can covertly
guide cognitive activities. For example, checking whether a solution for a
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problem has actually been found is a cognitive activity but the intention
to check it is metacognitive in nature.

Artzt and Armour-Thomas (1992) have used a framework that fo-
cuses on the identification of cognitive and metacognitive behaviour in
an attempt to disentangle the two. They investigated problem solving
behaviour in small teams of students in the domain of Mathematics.
Behaviour during the problem solving process was videotaped and sub-
sequently transcribed into protocols. The protocols were segmented in
chunks of consistent behaviour called episodes. An episode was a pe-
riod of time during which a team was engaged in one type of behaviour.
Episodes that were distinguished are: Read, Understand, Watch and lis-
ten, Analyse, Explore, Plan, Implement and Verify. Episodes can be
categorised as cognitive, metacognitive or both.

The definition of cognitive processes according to the authors is: “Cog-
nitive behaviors can be exhibited by verbal or nonverbal actions that
indicate actual processing of information.” (Artzt & Armour-Thomas,
1992, p. 141). Their description of metacognitive behaviour is “Meta-
cognitive behaviors can be exhibited by statements made about the prob-
lem or statements made about the problem solving process.” (ibid. p.
141). The authors state that although conceptually one can distinguish
the dual nature of cognitive and metacognitive behaviour, operationally
the distinction is often blurred: “cognition is implicit in any meta-
cognitive activity, and metacognition may be present during a cognitive
act, although perhaps not apparent” (ibid. p. 141). For each of the
episodes the distinction is based on the predominant process observed.
They labelled Read as the only episode that is predominantly cognitive.
Understand, Analyse and Plan are seen as predominantly metacognitive.
Processes such as Explore, Implement and Verify are seen as cognitive
or metacognitive depending on whether the process involves information
processing at the cognitive level or whether it involves statements about
the problem (solving process). If these processes are accompanied by
activities that indicate monitoring and regulation, they are considered
metacognitive.

One of their conclusions is that a certain balance of cognitive and
metacognitive processes within a team is necessary to attain effective
problem solving. They find that the team that scored lowest on meta-
cognition did not solve the problem. The authors however do not further
specify this balance. Furthermore, the fact that different processes have
the same labels in their model is a weakness.

Another attempt to disentangle cognition and metacognition is pre-
sented in the model by Nelson & Narens (1990) and Nelson (1999) which
is depicted in figure 2.1.
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Figure 2.1. Model of metacognition according to Nelson & Narens (1990) and Nelson
(1994).

The model consists of two levels: the object-level and the meta-level.
The object-level includes the actions and behaviors of a learner and
all information that is relevant for solving a particular problem. The
meta-level is dynamically assessing the present situation. If one aspect
of cognition is controlling or monitoring the other, then the former is
said to take place at the meta-level, whereas the latter is placed at the
object-level. Metacognitive monitoring is a flow of information from the
object-level to the meta-level, in other words, the meta-level is informed
by the object-level of the present state, for example, the confidence in
a retrieved answer. Metacognitive control is depicted as a flow of infor-
mation from the meta- to the object-level. The meta-level modifies the
object-level, for example, the control of one’s self-paced study.

Although this model gives a relatively simple picture of the relation
between the meta- and the object-level, the theory is unclear about the
nature of the information flowing from the object to the meta-level and
vice versa, the goal-directedness of problem solving and learning is ne-
glected and both levels are hard to distinguish and therefore difficult to
measure (Prins, 2002).

The debate about generality versus specificity concerns the question
whether metacognitive skills are general or different across domains1.
For instance, whether the exact nature of skills in each domain is alike,

1The word domain is used throughout this thesis for knowledge domain such as Thermo-
dynamics, Mathematics, Design or Knowledge Management
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or whether domain specific metacognitive skills exist that are only rele-
vant for the domain in question.

Some researchers argue that metacognitive skills of novices are spe-
cific for a typical domain (de Jong, 1992; Glaser, Schauble, Raghavan
& Zeitz, 1992; Schraw, 1998; Sternberg, 1998). Sternberg (1998) ar-
gues, for instance, that while representing information is a valid activ-
ity in any domain, the nature of it may differ across domains. One
should not assume that it is equally easy for an individual to implement
metacognitive strategies in different domains, because a given meta-
cognitive strategy has the same name or description across domains.
Schraw states that when expertise develops novices gradually trans-
form their domain-specific metacognitive skills into domain-independent
metacognitive skills.

Other researchers argue that metacognitive skills of novices are gen-
eral across domains and that they tend to be instantiated when ex-
pertise develops (Veenman, 1993; Veenman, Elshout & Meijer, 1997;
Prins, 2002; Veenman & Verheij, 2003). This is the point of view ad-
hered to in this thesis. Prins, for instance, argues that metacognitive
skills of novice learners are initially domain-independent. This is because
they do not have task-specific solution paths available to solve an unfa-
miliar problem. During the acquisition of expertise in a domain these
general skills may transform gradually into domain-specific regulatory
procedures. The development of expertise at the cognitive level is also
rather like this. According to Anderson (1983) initially, weak, simple
domain-independent activities are applied in order to solve a problem.
With practice, successful activities are compiled into domain-specific
new activities.

2.3 Metacognition in learning theories
Different perspectives on learning exist. In the early twentieth cen-

tury behaviourism was dominant with its rather rigid theory of learning.
Influential researchers in this school of thought were Pavlov, Thorndike,
Watson and Skinner. In essence, in this theory, environmental influences
are seen as the sole source of behavioural responses and learning is seen
as the change of the behavioural repertoire as a result of conditioning.
Since the 1960’s, however, this view has changed dramatically. Humans
are seen as active information processers and not as passive recipients
that respond reflexively to stimuli from the environment (Dellarossa,
1988). Influential learning theories stem from the information process-
ing paradigm which views learning and problem solving at the cognitive
level. The prevailing learning theory of this era is constructivism, which
gives metacognition a much more prominent role than before.
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2.3.1 Constructivism
The constructivist paradigm holds that learning is a cognitive pro-

cess concerned with actively constructing knowledge through meaningful
and contextualised experiences. One of the philosophical assumptions of
constructivism is that the reality we see around us is unique for every-
one. Knowledge is constructed via prior experiences, mental structures
and beliefs. As these are unique for everyone, we all see reality in a
(slightly) different way, ergo, there is not one objective reality. In order
to see this paradigm in perspective, it can be contrasted with objec-
tivism (Jonassen, 1991). Objectivism emphasizes that there is only one
objective reality, and learners assimilate this reality. In other words, the
world we see is real, there is only one (version of) reality. It is structured
not by the learner’s unique experiences or interpretation but it is deter-
mined by entities, properties and relations. When the learner has copied
or mirrored this structure of reality, then he or she has learned. Thus,
by accepting constructivism, one agrees that learning to solve problems
mainly occurs through the active acquisition of experiences in a mean-
ingful context and that each learner might do this in his or her own
particular way.

The essentials of constructivism are the following (Sandberg & Van
Joolingen, submitted). The construction principle states that learning
should occur actively. Learners interact with information in order to
construct their own knowledge. This way, new knowledge is integrated
with prior existing knowledge. It enables deep understanding which is
a sign of meaningful learning. Open-ended tasks, such as solving an
ill-defined problem support the construction principle.

The authenticity principle requires learners to work with realistic and
authentic learning materials, which often includes ill-defined problems,
since most everyday problems are ill-defined. Learners that work with
such materials will acquire context specific knowledge which results in
having a better understanding of the particular domain. Simulations
support the authenticity principle, since learners can interact within a
realistic environment, with everyday problems, without risking possible
disastrous effects.

The elaboration principle is closely linked with the construction prin-
ciple in the sense that it promotes deep learning as a basis for transfer of
knowledge. It requires the learner to have multiple sources of informa-
tion at his or her’s disposal in order to be able to develop a sophisticated
mental model, applicable to multiple contexts.

The social principle concerns the fact that learning should occur in
a collaborative context. Collaboration between learners requires that
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learners should be able to articulate their knowledge which directly sup-
ports understanding of knowledge and conceptual change.

The self-regulation principle requires students in a constructivist learn-
ing environment to regulate their learning, they should be able to ac-
tively monitor and control their learning behaviour. This use of meta-
cognitive skills is directly related to transfer of knowledge. The possibil-
ity of monitoring one’s progress while solving a particular problem in a
particular learning environment, for instance, is a type of regulation of
learning that is strongly advocated.

The reflection principle consists of the ability to reflect on learning
processes from an abstract viewpoint in order to gain insight into what
went wrong and what went well. Reflection is the overarching principle
over metacognitive skills. A specific debriefing or reflection phase during
the learning process would support this principle.

In conclusion, learners should gain experience with the material to be
learned in order to incorporate it in their existing knowledge structures.
Authentic and realistic learning material containing ill-defined problems
is deemed important in this context. Also, learners are responsible for
their own learning process. It is believed that learners who are capable
of viewing their learning from a broader, higher standpoint - learners
that are able to reflect on what they are doing - are better learners than
those who cannot or do not. Constructivist learning environments are
thought to initiate meaningful learning and the use of metacognitive
skills.

2.3.2 Metacognition in collaborative settings
Since collaborative learning is a key feature of constructivism it is of

importance to review the role of metacognitive skills in such a setting.
The use of metacognitive skills in collaborative learning settings is a
relatively unexplored area. A perspective from the field of AI is given by
Hoppe and Ploetzner (1999). They describe a computational simulation
model for the collaborative problem solver. A metacognitive level is
explicitly part of their model. Figure 2.2 depicts their model.

The domain model contains domain-specific knowledge about classical
mechanics problems. When a problem solver cannot solve a problem
at the cognitive level, the metacognitive level detects the impasse. It
identifies where an impasse is reached and which information is needed
to overcome the impasse. The communication interpreter reformulates
the impasse into a question that is posed to the other problem solver.
The other problem solver sees the questions as new problems and tries
to solve them. This model suggests that monitoring and controlling the
learning process is an essential characteristic of collaborative learning.
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Figure 2.2. Architecture of the cognitive simulation model adapted from Hoppe and
Ploetzner (1999).

Kneser and Ploetzner (2001) find that a collaborative setting is ben-
eficial for learning and the use of metacognitive skills. If during collab-
oration, students take the role of a reflector, focusing on comprehension
monitoring and monitoring the problem solving process, it positively in-
fluences learning results. In this study, episodes during which reflection
occurred, did however not occur frequently.

Saab (2005) finds that in a collaborative learning setting, metacognitive
skills such as planning and monitoring are important. It appears that
the use of these skills occurs naturally in a collaborative learning set-
ting. They occur even more frequently when learners receive support for
effective communication. Support in this study concerns four principles:
Respect, Intelligent collaboration, Deciding together and Encouraging
(RIDE). An example of a RIDE rule is ‘Explicit and joint agreement
will precede decisions and actions’.

One study did explicitly compare the use of metacognitive skills in an
individual versus a collaborative setting. This study is however more fo-
cused on problem solving than on learning to solve problems. Shirouzu,
Miyake and Masukawa (2002) compare individual problem solvers with
pairs while folding or calculating three-quarters of two-thirds of a square
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piece of origami paper. Both mathematical and non-mathematical so-
lutions are possible, namely 2/3 * 3/4 (which is 1/2) or by folding the
piece of paper. It appears that the individual problem solvers mainly use
non-mathematical strategies during two trials whereas pairs of problem
solvers shift their strategy during the second trial towards mathematical
strategies. It also appears that the pairs shift between actually per-
forming the task (cognitive activities) and monitoring progress (meta-
cognitive activities), whereas individuals do not. Verbalization of one’s
thoughts leads to increasingly abstract levels of solutions.

2.4 Metacognition in problem solving
In the information processing paradigm different models exist of how

problem solving takes place. In the next sections, some of these models
are described. Attention is given to the role of metacognition in each
of the models. The order of presentation of the theories is such that
metacognition is assumed to play an increasingly more important role
in the overall process.

Next to metacognition, the domain independency of the models is
discussed. This reflects to what extent models are specifically designed
for a domain such as Physics or Mathematics or whether the model is
generic and thus applicable to any domain.

Finally, the type of problem dealt with in the models is discussed.
Constructivist learning environments favour authentic case material in
which lifelike, realistic problems play a role. Such problems are usually
ill-defined or ill-structured. Ill-defined problems are problems for which
the begin state does not contain all necessary information in order to
solve the problem and no clear criteria for the solution are available (Si-
mon, 1973). Ill-structured problems are problems that contain a number
of open constraints (Voss & Post, 1988). Open constraints are one or
more parameters of which the values are not specified. Such problems
have to be decomposed into subproblems that are well-structured (Si-
mon, 1973). These well-structured problems can be solved relatively
easily in this case because all information is available.

2.4.1 Newell and Simon
One of the more important basic theories of problem solving is de-

scribed by Newell and Simon (1972). They introduced the concept of
problem space. A problem space is an organized unit which is made up
of a set of operators and problem representation activities. The problem
space defines the search space. The search through a problem space re-
quires that a person applies operators, adds new states and evaluates the
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effectiveness of the operators. Applying sequences of operators creates
solution paths in the problem space. A successful search in the prob-
lem space requires that a fixed set of functions is applied repeatedly,
for example, deciding to quit the problem, deciding whether the goal
state has been reached or selecting an operator to use. The computa-
tional dimension of their theory is the computer simulation program the
General Problem Solver (GPS) that embodied their ideas on problem
solving. The GPS operates on problems that are formulated in terms of
objects and operators. The critical step in solving a problem with GPS
is the definition of the problem space in terms of the goal to be achieved
and the methods to apply (see figure 2.3). Using a means-end-analysis
approach (as one specific method), GPS would divide the overall goal
into subgoals and attempt to solve each of those.

In the theory of Newell and Simon no attention is given to meta-
cognitive skills. For instance, the principal processes used at the execu-
tive level in the GPS are evaluate (a goal), select (a method for a goal)
and apply (method to a goal), these are activities at the object-level and
can therefore be seen as cognitive activities. Solution activities used
by novice learners, such as forward chaining (searching for a solution
from the initial state onwards) and backward chaining (starting from
the solution state and working backwards) can also be seen as cognitive
processes.

Figure 2.3. GPS executive program (adapted from Newell and Simon (1972, p. 415).

The type of problems the GPS could embark on are well-defined and
knowledge-lean. Knowledge-lean problem solving takes place when rel-
atively little knowledge is needed to solve problems. The only informa-
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tion given to the problem solver is provided in the task (VanLehn, 1989).
This is in contrast with knowledge-rich tasks such as problem solving in
Thermodynamics or Medical diagnosis, that require much more complex
knowledge that is not necessarily part of the instruction.

With regard to learning, Newell and Simon explicitly distinguish prob-
lem solving from learning to solve problems. Their theory of the GPS is
only applicable to the problem solving process as such, it does not bear
upon learning to solve problems.

2.4.2 Mettes and Pilot
Mettes and Pilot (1980) present a normative model for problem solv-

ing in well-structured domains such as Thermodynamics. They propose
a systematic approach to problem solving (PAM: Programme of Actions
and Methods) for decomposing the problem in subtasks and activities in
order to obtain the solution. This method is based on the way students,
teachers and experts approach and solve Thermodynamics problems.
Students who have been instructed with this method outperform their
peers who have not used this method (Mettes & Pilot, 1980).

Three main tasks are distinguished: Orientation, Solution and Evalu-
ation (see figure 2.4). Each of these tasks is divided into smaller subtasks
until they concern elementary executable activities. The main aim of the
Orientation task is to get a thorough overview of the situation: what is
the problem about and how to interpret possible drawings or pictures.
This information leads to a primary internal representation of the prob-
lem. In the Solution task the main aim is to see whether the problem can
be solved by using standard operations. If this is not possible, then the
problem should be transformed to a problem that can be solved by using
standard operations. Finally, during the Evaluation task, the outcomes
are evaluated and accepted if they solve the problem.

The elementary activities distinguished in this model are specific for
the domain of Thermodynamics. They consist of cognitive activities
at the object-level. The subtasks and tasks are more generic in nature
and thus more applicable to other domains as well, such as Economy or
Physics. The metacognitive activities are compiled at the level of the
task. In that sense this is a compiled model for problem solving.

The approach of Mettes and Pilot does not fit well with the con-
structivist paradigm. This originates from their choice to adhere to the
learning theory of Gal’perin. His learning theory promotes a highly di-
rective form of instruction. Only when one masters knowledge and skills
on one level of difficulty, can one proceed to the next, more complex
level. The effect of this choice is that students are explicitly enforced to
use the task model. It is used as a straitjacket. Also, the model itself
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Figure 2.4. The Programme of Actions and Methods (adapted from Mettes and
Pilot (1980). (The different line types represent respectively orientation, solution and
evaluation activities.)
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is rather directive. It does not leave much room for choosing between
alternative ways of solving thermodynamic problems.

2.4.3 Hamel
A descriptive model for problem solving is developed by Hamel (1990)

for the domain of Architecture. His model describes how architects de-
sign a building. It contains both cognitive and metacognitive activi-
ties. Hamel’s model launches off with describing a problem conception
schema. A schema contains domain specific declarative and procedu-
ral knowledge. This problem conception schema is in essence a ‘con-
tainer’ that receives all the outcomes of the problem solving process. It
contains everything the learner knows about the current problem at a
domain-specific level. Hamel identifies three main metacognitive regula-
tory functions: orientate, execute and evaluate. They play a role in each
of the schemas except for the problem conception schema.

The task schema is activated as soon as the learner is confronted with
a particular problem. The task schema controls the activities of the
architect during the whole process of designing a building. The first,
global examination of the task is directly controlled by the task schema.
The second examination of the task is more specific in nature and more
analytic, and is controlled by the analysis schema. The analysis schema
concerns the collection of information and decomposition of the task
in subproblems. In the synthesis schema, contradictions and the sub-
solutions are contrasted with each other and a synthesis of the various
products from the analysis schema occurs in order to form a coherent
whole. The end-product of the synthesis schema is a set of decisions of
how to go about the design task. This set is fed back to the problem
conception schema and subsequently the design schema and in this latter
schema the actual designing takes place.

The value of this model is that both cognitive and task activities are
clearly distinguished from each other. In each schema, three activities,
namely orientation, execution and evaluation take place that are applied
in a specific domain-related schema. These activities are decomposed,
analog to the model of Mettes and Pilot, in subtasks that are executable
in terms of cognitive activities.

In general, solving architectural design problems is considered solving
ill-defined problems. No specific criteria necessarily exist concerning the
quality or aesthetic value of the resulting design. However, as Hamel
puts it, solving a design problem at the university is solving a well-
defined problem because students are given many constraints in their
design task.
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2.4.4 Erkens
One of the few models for problem solving that acknowledges and fur-

ther examines the role of cooperation in learning is developed by Erkens
(1997). It is both a conceptual and a computational model of problem
solving for individual cooperative learners. This model is implemented
in the Dialogue-Monitor component that is at the center of an intelligent
tutoring system. This intelligent tutoring system is capable of simulat-
ing a dialogue with a learner in order to cooperatively solve a specific
problem.

The task for which the Dialogue-Monitor is developed is the ‘Camp
Puzzle’. It aims at cooperative problem solving for pairs of children.
This puzzle originates from the field of logic and it involves retrieving
characteristics of a group of persons based on a limited amount of infor-
mation. The characteristics can be deducted by making combinations
of the information provided. The type of problem to be solved is well-
defined as in the end only one solution exists.

The model (see figure 2.5) that is at the heart of the Dialogue-Monitor
consists of five main components: the problem solver, the dialogue pro-
cessor, the alter component, the central focusing processor (CFP) and
the interaction component.

Figure 2.5. Model for problem solving and dialogue for individual cooperative learn-
ers adapted from Erkens (1997).
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The problem solver has declarative knowledge about the domain at
its disposal. This domain-dependent component holds relevant task and
problem solving activities. Various cognitive activities are employed
by the problem solver such as defining the problem, deciding which
(sub)problem to work on, reasoning and evaluating the solution.

The dialogue processor contains knowledge about different types of
dialogue acts and the communicative functions thereof. With the know-
ledge of the dialogue processor, the learner knows how to hand over
knowledge to the partner and how to obtain knowledge. For instance,
the dialogue processor decides upon the form and function of the dia-
logue act based upon specific dialogue goals such as confirming, rejecting
or accepting the information transfer of the partner.

The alter component contains a model of the partner with whom
problem solving is undertaken. The model contains information about
which activities the partner recently has undertaken, the goals of the
partner and his or her expectations.

The CFP contains rules and procedures. The CFP is the gateway of
interaction between the other components and it controls and monitors
the information exchange with the external world. It decides how the in-
formation in the other components should be combined and which infor-
mation should be communicated to the human problem solving partner.
It generates goal structures for the other components.

The interaction component is the door to the external world that
translates internal representations and goals into verbal communication.
It is a natural language interface that connects the partner to the system.
It also translates incoming information into internal representations that
can be processed by the central focusing processor and the other com-
ponents.

Some issues that follow from the implementation of the model in the
simulation are worth mentioning with respect to metacognition. The
problem solver aims at solving the problem in a domain-dependent way.
However, its functionality is based on a compiled model (such as de-
scribed by Mettes & Pilot and Hamel) of problem solving with generic
activities such as checking whether subproblems still exist or deciding
which subproblem to solve next.

Erkens argues that the CFP is the metacognitive heart of the model,
its function concerns coordinating and delegating tasks to the various
components. In order to do this the CFP either reacts on or initiates
a dialogue. This functionality, too, is concerned with regulating be-
haviour of the system. One could argue that it therefore also resembles
a compiled task model.
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Additionally, this model is one of the few that acknowledges prob-
lem solving in a cooperative or collaborative learning situation. In that
respect this model suits one of the characteristics of constructivism.

2.4.5 Schoenfeld
Schoenfeld (1985) created a conceptual model for the analysis of com-

plex problem solving behaviour. This model contains four groups of
variables that are related to solving mathematical problems:

Resources: declarative and procedural knowledge that can be used
to solve the problem at hand;

Heuristics: activities to support the problem solving process;

Control : global decisions regarding the selection and implementation
of resources and activities;

Belief systems: the ‘mathematical’ world view, the set of determi-
nants of the behaviour of the individual

Resources are related to domain-specific knowledge the learner has avail-
able in order to solve the problem. This includes, for example, algo-
rithmic procedures, facts and the like. Heuristics can contain domain-
specific activities such as drawing specific figures or including suitable
notations as well as more generic activities such as reformulating prob-
lems, working backwards and testing procedures. The category control
deals solely with generic strategies such as planning, monitoring and as-
sessment, these are conscious metacognitive acts. In the fourth category,
the belief systems, beliefs about the self, about the environment, about
the topic, about the task and about Mathematics are placed. The work
of Schoenfeld is strongly based on the theories of Newell & Simon.

In later publications (Schoenfeld, 1987; 1992) more attention is paid
to the influence of metacognition in terms of monitoring and controlling
learning and problem solving. The category Control is reformulated
into Self-regulation, or monitoring and control. Metacognitive activities
distinguished by Schoenfeld are: read, analyse, explore, plan, implement
and verify.

He finds that experts that solve an unfamiliar Mathematics prob-
lem engage in metacognitive activities more than beginners and that
they are able to solve the problem whereas the beginners are not. The
problems that Schoenfeld presents to his students were initially well-
defined mathematical problems. However, as his attention focused more
on the metacognitive component of problem solving, he introduced non-
standard (ill-defined) problem to his students. The use of this type of
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problem and the fact that students are working in small groups is ap-
pealing in the constructivist paradigm, in which the collaborative aspect
is of importance as well as the use of realistic ill-defined problems.

2.4.6 Jansweijer
A model for solving knowledge-rich problems was developed by Jan-

sweijer (1988). This model is a computational model for well-defined
problem solving in the Physics domain that takes into account the flex-
ibility of human problem solvers when faced with unexpected obstacles.
The specifications of the model are indicated below (Jansweijer, Elshout
& Wielinga, 1990).

The system contains knowledge about the concepts of the domain
and their relations, and knowledge about problem solving activities.

The object-problem solver is goal driven.

When the object-problem solver comes to a dead-end, a meta-problem
solver is invoked to resolve this impasse.

The current plan of the object-problem solver is represented as a tree
of goals. This is a dynamic structure that controls behaviour at the
object-level. It represents the different tasks to be done.

The goal tree is explicit and annotated by a trace of the object-
problem solver’s action, successes and failures. Because of this ex-
plicitness, the meta-problem solver can inspect and adjust the control
structure.

There is a supervising component that checks progress and detects
impasses at the object-level. When they occur, the supervisor can
decide to give control to the meta-problem solver for adjustment of
the plan.

A working memory contains all activated knowledge structures.

When impasses occur at the object-level, the supervising component
can give control of the problem solving process to the meta-problem
solver. This meta-problem solver tries to solve the impasses of the
object-problem solver in three steps.

First, the difficulty of the impasse is categorised. The difficulty of the
impasse is one of five possible classes: resources are wasted (too much
time has been spent in a part of the problem solving process), missing
information about a specific concept (information is missing to execute
an action), missing declarative knowledge about a concept (definitions of
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concepts and the like), missing procedural knowledge about how to reach
a goal (not knowing how to perform a task) or conflicting information
(generation of contradictory information).

Second, heuristic rules are applied in order to assign a class of impasses
to an appropriate repair mechanism. The meta-problem solver has a
repertoire of general repairs available to solve the impasse. Repairs that
can always be done are: ignore the problem, start anew or give up.
Conditionally applicable repairs are:

1 Gather information from an external source.

2 If you know how to do something, do it now.

3 Switch to a previous alternative of the current plan.

4 If several outcomes are possible with a procedure go with another
outcome.

5 If several methods are known to reach a goal try an alternative
method.

6 Try assumption.

7 Check while working backwards the outcomes of earlier procedures.

Third, the repair is specified into a concrete new or adjusted plan. The
repairs result in adjustments to the goal tree in the form of insertion of
new specific subgoals in the control structure just before the impasse
occurred or a back up to a point where there was either a choice made
between methods or between different outcomes from one method.

This computational model is applied to the domain of Physics, specif-
ically thermodynamics problems, which could make it a domain-specific
model. However, the functionality of the meta-problem solver is indepen-
dent of the domain. The formulation of classes of impasses is generic.
Assigning repairs to classes of impasses is also done in a generic way.
The repairs imply that metacognitive activities are necessary in order
to overcome these impasses. For instance, a learner needs to monitor
comprehension of the problem, when dealing with missing declarative
knowledge. When confronted with conflicting information, the plausi-
bility of the outcomes should be checked.

Jansweijer views solving a series of thermodynamics problems in the
learning-by-doing paradigm (Anzai & Simon, 1979). Learning by doing
can be seen as a precursor of constructivism. The main idea is that
learning is invoked through activities. By trying out ideas in carefully
designed activities learners can experience the results and subsequently
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learn from them. In terms of Jansweijer’s model, one learns from the
impasses in the problem solving process.

2.4.7 The REFLECT project
Van Harmelen, et al. (1992) approach problem solving from the per-

spective of logic and Artificial Intelligence (AI) with specific attention to
reflective systems in the REFLECT project. Their fundamental point
is that only a reflective system can perform ‘human-like’ functions. That
means that such a system should be able to reason about itself in order
to ‘know’, for example, why certain problems are difficult to solve.

A system consists of an object-system and a reflective component
which is called the meta-system. The object-system is a domain-dependent
implementation of the knowledge and skills relevant in a particular do-
main. This can concern, for instance, propositions or production rules.
The meta-system possesses knowledge about the type of task that is be-
ing executed in the object-system. The meta-system is domain-independent.

In order to reason about itself, the system must have a model or
a self-representation of the object-system. This is called the object-
model and it is situated within the meta-system. The object-model is
an abstract and domain-independent representation of essential problem
solving skills in the object-system. The domain-dependent knowledge
and skills are ‘translated’ into a domain-independent representation.

A KADS model is introduced in order to further describe the theory
about reflective systems (Wielinga et al., 1992). KADS models concern
three levels of knowledge:

Domain knowledge about concepts and relations between them in a
specific domain.

Inference knowledge that concerns basic reasoning processes and the
role of specific pieces of knowledge in these processes.

Task knowledge, which is organised in a task-structure, controls the
execution of inferences.

This KADS model can be used to describe the object-system, the
meta-system and the object-model (see figure 2.6). One of the reasons
that this is possible is because KADS models are independent of the
details of a specific domain.

The ideas of a reflective problem solving theory are applied to an as-
signment task that focuses on assigning employees to available offices.
This is the so called OFFICE-PLAN task that was used to validate the
approach. The object-system contains domain knowledge about, for in-
stance, the numbers of offices and employees and the constraints and
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Figure 2.6. Use of KADS models in depicting a reflective theory (adapted from Van
Harmelen et al. (1992)).

conditions under which employees have to be allocated to offices. Infer-
ence knowledge concerns the reasoning processes to undertake, i.e. how
to apply the constraints and to satisfy the conditions. Task knowledge
is responsible for sequencing the inferences.

In the meta-system, the domain knowledge consists of the model
the meta-system has of the object-system, the object-model. This is a
domain-independent ‘picture’ of the knowledge available at the object-
system. The inference knowledge in the meta-system concerns know-
ledge about assignment tasks, for instance, knowledge about how to
allocate objects to locations. It also concerns knowledge about domain-
independent malfunctioning in assignment tasks such as, for instance,
overcomplexity of the problem or incompleteness of the results.

The theory of van Harmelen et al. in essence describes how the archi-
tecture of a reflective computational system for problem solving could be
realised at a rather abstract level. The modelling of the object-system
is based on the KADS methodology. This approach focuses on solv-
ing well-defined problems, that are not necessarily well-structured. No
attention is given to learning in this theory.

2.4.8 Self
Self (1994) presents another model of problem solving that originates

from the field of AI. He also takes into account the notion of reflection.
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This model is called DORMOBILE (a DOmain Reasoning, MOnitoring
and Reflection Basis for Intelligent Learning Environments). Like van
Harmelen et al., Self also acknowledges the problem of self-referential
systems in the sense that he too constructs a meta-level architecture
that defines an object-system and a meta-system.

Self distinguishes four levels of knowledge in the DORMOBILE sys-
tem, going from the object- to the meta-level (see figure 2.7). The
Domain-level consists of declarative domain knowledge about a partic-
ular domain. It contains domain-specific terms, principles and rules.

The Reasoning-level concerns procedural knowledge. It contains know-
ledge of how to use the declarative knowledge in order to solve problems.
It concerns both domain-specific and domain-general (abstract) reason-
ers. Specific reasoners take domain knowledge into account whereas
abstract reasoners do not explicitly do so. According to Self (1994), a
system that possesses more abstract reasoners rather than a series of
instantiations that are domain-specific, is a more sophisticated problem-
solver, showing a deeper understanding of the general processes.

The Monitoring-level contains meta-knowledge that is concerned with
selecting which reasoner from the Reasoning level should be used. The
main task of this level is to decide when to apply reasoners and to
monitor resource allocation.

The fourth and last level is the Reflection-level which contains re-
flective knowledge. This level contains ‘reflectors’ which decide what
meta-knowledge to apply and when. The triggers set by the lower levels
such as ‘I am confused’ or ‘why am I doing this’ are detected and acted
upon by appropriate reflectors.

The architecture described applies to one single agent, such as the stu-
dent, the teacher or the learning environment (system). The DORMO-
BILE framework can be applied to multiple agents, namely the student
and the system, where the system contains a model of the student.

The fact that the system can have a student-specific model, comes
close to constructivist ideas in the sense that the uniqueness of each
learner is an important element in this theory of learning. In a later
publication Akhras and Self (2002) support the issue of learning in con-
structivist environments more strongly. They argue that the agents in
an intelligent tutoring system should take into account the constructivist
principles.

With the DORMOBILE framework, both well and ill-defined prob-
lems can be solved. For example, Self mentions that the framework
can be applied to the domain of Physics where students use a quali-
tative modelling system or the domain of music in which students are
requested to ‘discuss’ a piece of music from a particular author.
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Figure 2.7. The four levels of knowledge according to Self (1994).

According to Sandberg and Andriessen (1997), the main advantage
of DORMOBILE is that the architecture consists of embedded layers
representing the self-referential nature of an agent. This self-referential
nature is vital for performing tasks such as problem recognition, plan-
ning, resource allocation and most importantly for learning. These are
all elements of metacognitive regulation. The abstract ‘reasoners’ and
‘monitors’ and the reflectors come close to the notion of metacognitive
skills.

2.4.9 Conclusion
An overview of the main characteristics of the models is given in

table 2.1. This table indicates for each problem solving model whether
it is generic, or specific for a particular domain. Also a description is
given of the ‘highest’ level specified in the model (object-, task- or meta-
level), and the nature of the problem that is addressed.

Several conclusions can be drawn. First of all, higher levels than
the object-level are of importance in order to permit regulation of the
object-level. In some of the models of problem solving discussed here, the
existence of a meta-level is acknowledged. Such a meta-level monitors
and controls lower levels. It is generic in nature. At this level, difficulties
or impasses in the problem solving process are identified and remedial
(generic) activities are proposed in order to overcome the difficulties.
Such activities are then applied to the object-level. This is a way in
which regulation of the problem solving process can take effect.
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Second, the meta-level in problem solving can be replaced by a task-
level. This level contains task knowledge about particular types of tasks.
It also contains methods that describe how to solve particular types of
tasks. It controls problem solving at the object-level. Having a task-level
available converges with the notion of compiled task models discussed in
the models of problem solving in this chapter. Mettes and Pilot, Hamel
and Erkens identify compiled task models that consist of orientation, ex-
ecution (or solution) and evaluation tasks. These tasks are decomposed,
depending on the type of task that it addresses, in subtasks and activi-
ties. The activities are executed at the object-level. The existence of a
task model is useful for solving well-defined problems (Mettes & Pilot,
1980). For solving ill-defined problems the necessity of such a model is
even greater since the problem space is much larger. At the same time
though, it is more difficult to develop such a model.

Third, the models discussed in this chapter only pay limited atten-
tion to learning, especially when learning is seen in the perspective of
constructivism. The models that do take learning into account differ in
the extent to which they fit within constructivism. None of the models
incorporate all constructivist learning principles. The majority of the
models focuses on individual learning instead of collaborative learning.
The models are quite limited in describing how learning to solve realistic,
ill-defined problems in the constructivist paradigm could be supported
and how this possibly differs from solving well-defined problems. Only
the model by Jansweijer identifies the need to learn through meaning-
ful experiences in the learning-by-doing paradigm. Finally, the need for
self-regulation and reflection is acknowledged in several models, mostly
from an AI perspective.

2.5 Theoretical model for learning to solve
problems

Based on the discussion of the models of problem solving and the
conclusions above, in this section a theoretical model of learning to solve
problems is presented. The theoretical model is unfolded in two ways.
First, the different levels of the model are discussed. This is depicted in
figure 2.8. Second, learning to solve problems in this model is explained.
This is indicated in figure 2.9.

2.5.1 Levels in problem solving
In the theoretical model, three levels in the problem solving process

are distinguished. These are the object-, task- and the meta-level. Dis-
tinguishing three instead of only two levels (meta- and object-level) in
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Source Domain Level Problem

Newell & Si-
mon, 1972

Generic Object-level: applying sequences
of operators to states in order to
achieve a goal

Well-
defined

Mettes & Pi-
lot, 1980

Thermo-
dynamics

Task-level: compiled task model
that focuses on: representing the
problem internally (orientation),
choosing standard methods to solve
the problem (solution) and testing
the solution (evaluation)

Well-
structured

Hamel, 1990 Architecture Task-level: compiled task model
that comprises analysis, synthesis
and moulding schemas in which ori-
entation, execution and evaluation
activities take place

Well-
defined

Erkens, 1997 Logic Task-level: compiled task model
that lies at the heart of the func-
tionality of the Problem Solver
component

Well-
defined

Schoenfeld,
1985; 1987;
1992

Mathematics Meta-level: applying self-
regulatory skills and belief systems

Ill-
defined

Jansweijer,
1988

Thermo-
dynamics

Meta-level: meta-problem solver
detects impasses of the object-
problem solver and it has a reper-
toire of (domain-independent) re-
pairs

Well-
defined

Van Harmelen
et al., 1992

Generic Meta-level: generic meta-system
supervises the functional behaviour
of the object-system and it models
the object-system

Well-
defined

Self, 1994 Generic Meta-level: meta-system contains a
representation of the object-system
it reasons about

Ill-
defined

Table 2.1. Overview of the characteristics of the problem solving models.
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Figure 2.8. Theoretical model of problem solving.

the problem solving process makes the model applicable to a wide range
of situations, both for solving well- and ill-defined problems.

The relation between the levels is that higher levels monitor and con-
trol lower levels. The meta-level can monitor and control the object-level
directly. Alternatively, it monitors and controls the task-level, which in
turn monitors and controls the object-level (see the arrows in figure 2.8).

Monitoring includes assessing the status of ongoing activities at a
lower level. It also includes checking understanding at a lower level.
Controlling concerns changing or redirecting the activities at a lower level
in order to pursue the goals formulated at that higher level. For instance,
when understanding at the object-level is problematic, a decision can be
taken at a higher level to initiate a new activity or to redirect the order
of activities in order to enhance understanding.

The object-level is domain-dependent. It consists of domain-specific
knowledge and cognitive activities related to it. Knowledge at the object-
level concerns concepts and the relations between them in a specific do-
main. It also contains knowledge about the domain-specific setting of a
problem, for example, case material that is relevant for that particular
problem. The application of domain-specific knowledge results in the
execution of reasoning activities. These activities are cognitive in na-
ture. A learner who is not aware of higher levels in the problem solving
process than the object-level, has only limited control over the reasoning
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process. When a learner is aware of higher levels, cognitive activities
can be ordered in such a way that they represent a systematic approach
to problem solving. This behaviour then comes close to the method
described at the task-level.

The task-level consists of task knowledge and methods that are specific
for a class of tasks. Task knowledge is concerned with knowledge about
various types of generic tasks. Generic tasks concern, for instance, mod-
elling, design, planning, assignment, prediction, monitoring, diagnosis or
assessment problems (Breuker, 1994). Task knowledge about diagnosis,
for instance, concerns knowledge that it is necessary to observe a certain
phenomenon in order to subsequently draw conclusions about the situa-
tion. For each generic type of task, different types of task structures, or
task models, exist that decompose the task into subtasks and activities.
The activities are decomposed in such a way that they are executed at
the object-level. These activities concern elementary cognitive activi-
ties. This decomposition of a task is called the method. The method
thus concerns all relevant activities and the control mechanisms in order
to achieve the task goal. In that sense it prescribes the order and content
of activities to be executed at the object-level. It closely resembles the
notion of compiled task models described earlier in this chapter.

The highest level in the problem solving process is the meta-level.
This is a generic level that is domain-independent. It consists of meta-
cognitive knowledge and skills. Metacognitive knowledge in this model
involves knowledge that generic types of tasks exist and that problem
solving methods exist for particular types of tasks. It also concerns
knowledge about when and why to apply certain problem solving meth-
ods. Finally, it consists of knowledge the learner has about his or her
cognitive functioning. This could concern the fact that a learner knows
that he or she can only concentrate for 20 minutes during a lecture.

The regulatory component of metacognition concerns domain inde-
pendent metacognitive skills, that is, skills that deal with monitoring
and controlling the problem solving process in a generic way. Meta-
cognitive skills distinguished in the theoretical model are: Reflecting on
the nature of a problem, Comprehension monitoring, Predicting conse-
quences of activities, Planning, Monitoring, Checking plausibility and
Evaluating the problem solving process. Initially, Veenman (1993) pro-
posed these in the form of metacognitive strategies. Strategies belong
to the ‘metacognitive knowledge’ component in the theoretical model.
Our view is that for using a metacognitive strategy, metacognitive pro-
cedural knowledge is necessary in order to operationalise it into a meta-
cognitive skill. Veenman further operationalises these strategies in the
‘effective working method’, which represents an operationalisation at the
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task-level. In order to keep the theoretical model widely applicable, no
further operationalisation of metacognitive skills is done at this stage.

In conclusion, the three levels in the theoretical model each describe
the problem solving process at a different level of abstraction. The model
gives a thorough overview of what knowledge and which skills, methods
and activities exist on all levels of problem solving.

2.5.2 Learning to solve problems

Figure 2.9. Learning in the theoretical model of problem solving.

In figure 2.9 the view on learning to solve problems is visualized.
Learning is conceptualised through the process of Application (arrow 1)
and Generalisation (arrow 2).

Application is concerned with using knowledge, skills, methods and/or
activities at one level and applying them to a lower level in order to
achieve a goal that was formulated at a higher level. For example, com-
prehension monitoring skills at the meta-level can be applied to a specific
domain in order to control understanding of domain knowledge at the
object-level. Generalisation is concerned with developing new ‘insights’.
These insights concern activities that are more widely applicable than
only for the situation in which they were initially used. Generalisation
leads to adaptation of knowledge at a higher level. For instance, a learner
discovers that a certain cognitive activity produces solutions that are not
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only valid for a diagnosis problem, but also for a design problem. This
learner can then adapt or update his or her task knowledge accordingly.

Two ways of learning can be identified in the theoretical model, de-
pending on whether a task model is present. When no such model is
present, a learner applies metacognitive knowledge and skills directly
to the object-level. This results in the execution of cognitive activities
relevant for solving a particular problem. Based upon these cognitive
activities a learner may develop knowledge and activities that are appli-
cable to the class of problems instead of the specific problem at hand. In
this sense, learners could develop their own task knowledge and meth-
ods. When no task model is present, the use of metacognitive skills has
a lot of impact on learning because learners have no choice but to use
their metacognitive skills if available.

The presence of a task model takes over the function of the meta-
level. If the task model is used frequently, the learner may internalise it
to such an extent that it can be used automatically when similar types
of problems occur in the future. Empirical results that support this view
are given in the work of Mettes and Pilot (1980). They have instructed
students in using their task model which results in an increase of domain
and task knowledge and skills. Instead of using any cognitive activity
at any time, learners are now acquainted with a compiled task model
specific for a type of problem that helps them in regulating their problem
solving process.

With respect to the relation between knowledge and skills (arrow a,
b and c) (procedural) knowledge is used to operationalise and use the
metacognitive skill. This process occurs at each level of the theoretical
model.

In conclusion, the theoretical model gives sufficient indications for gen-
erating hypotheses and testing them in empirical studies. Constructivist
learning environments are rich environments in the sense that they en-
able exploratory learning. Including a task model in the learning envi-
ronment could provide sufficient anchors to the learner concerning how
to go about solving a difficult problem without necessarily being strictly
directive.





Chapter 3

KM QUEST

The goal of this chapter is to give the rationale for using the simulation-

game KM Quest in order to investigate the research questions formulated

in chapter 1. This chapter consists of two parts. First, an exploratory

feasibility study 1 is presented concerning the effects of a paper-based game

for the domain of knowledge management. The goal of this formative study

is to investigate the characteristics of an educational gaming environment

to inform the development of an electronic learning environment. The

conclusion is that the game setup is effective: it triggers the respondents

to think about knowledge management. Second, the final version of KM

Quest is described which was developed in the KITS project 2. It is

made clear that KM Quest meets with the principles of constructivism.

Moreover, this learning environment contains a sophisticated task model

that prescribes how to solve KM problems. The inclusion of this task

model permits testing the effects of such a model as a means of support

for learning and problem solving in the domain of KM.

3.1 Introduction
In this chapter KM Quest is described. This is a gaming-simulation

learning environment for the domain of Knowledge Management (KM).
The objective of this chapter is to show that this environment is suitable

1Christoph, L.H., van der Tang, F. & de Hoog, R. (2001). Intuitive knowledge management
strategies. Proceedings of the 2nd European conference on knowledge management (ESC).
Bled, Slovenia. p.105 - 120.
2EC funded project IST-1999-13078 with the following partners: University of Twente, The
Netherlands; Tecnopolis Csata Novus Ortus S.c.r.l., Italy; Cibit BV, The Netherlands; Gie
EADS CCR, France; ECLO, UK and the University of Amsterdam, The Netherlands
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for answering the research questions formulated in chapter 1. It is argued
that KM Quest is a learning environment that embodies the principles
of constructivism. Also it is shown that the KM model in KM Quest
comes close to the notion of a task model as explained in chapter 2, which
permits investigation of the effects of such a task model on learning to
solve problems and the use of metacognitive skills.

This chapter consists of two parts. The starting point for the design
of KM Quest was the Coltec case material (de Hoog et al., 1999). This
paper-based case material is initially used in an exploratory study that
investigated what one can learn from a paper-based game setup in order
to develop the electronic learning environment KM Quest. The ques-
tion is whether a gaming approach is beneficial for learning how to solve
KM problems and whether players are able to propose appropriate so-
lutions for KM problems. The second part of this chapter concerns the
description of KM Quest, which was developed in the European project
KITS.

3.2 The formative study

3.2.1 The domain of Knowledge Management

Knowledge Management (KM) nowadays is a booming business. KM
is about managing business initiatives that involve knowledge in such a
way that a company can benefit from it by, for instance, gaining more
profit or market share. This is more difficult than it seems at first sight
because knowledge has several properties that make it a difficult resource
to manage (Wiig, de Hoog & van der Spek, 1997). For one, knowledge
is intangible, it is difficult to measure. Second, creating or producing
knowledge is time-consuming. Third, it is incorporated in persons with
a will. Advantages of knowledge as a resource that has to be managed
are that it can increase while being used and it can be used in multiple
(business) processes at the same time. Effective knowledge management
requires that a systematic approach is taken in order to achieve good
business results.

Wiig et al. (1997) propose such a systematic approach in the form of
a Knowledge Management model. This model is depicted in figure 3.1.
Solving KM problems is seen as a cyclic process that occurs at two levels,
the management- and the object-level. At the upper, management level,
it distinguishes management activities that are related to an analysis of
the knowledge household of the organisation. At the lower object-level,
classes of basic knowledge operations are identified that are aimed at
solving the KM problem.
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Figure 3.1. The Knowledge Management model adapted from De Hoog et al. (1999).

The four management activities are: REVIEW, CONCEPTUALIZE,
REFLECT and ACT.

REVIEW: check what has happened in the past and what the current
status of the company is in terms of business indicators.

CONCEPTUALIZE: analyse the strong and weak points in terms of
knowledge processes and domains, and suggest improvements.

REFLECT: select optimal plans in order to solve bottlenecks, and
consider points of attention when implementing the plans.

ACT: execute the proposed and selected plans.

In the ACT-activity one executes the proposed plans at the object-
level. Four classes of basic knowledge operations can be distinguished
at the object-level: developing, consolidating, distributing and combin-
ing knowledge. These are called classes of interventions because they
represent classes of solutions for typical KM problems.
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Developing knowledge: development of new knowledge based on cre-
ative ideas, the analysis of failures, daily experiences and work in
R&D departments.

Consolidating knowledge: the safeguarding of knowledge against loss
due to different causes (including the decay of knowledge, that is
knowledge becoming obsolete because of natural factors).

Distributing knowledge: the active distributing of knowledge to those
who can make use of it in their daily practices.

Combining knowledge: the combination of knowledge areas in order
to develop new products.

The main assumption behind the model is that one makes a plan in
order to solve a KM problem and achieves that plan by implementing
interventions. This represents a systematic approach to solving KM
problems.

3.2.2 The paper-based Coltec material
The Coltec case was initially developed to investigate how novice

learners solve KM problems and to what extent they use the model
of Wiig et al. (de Hoog et al., 1999). The Coltec case material con-
sists of a case description and a number of events on paper. In the case
description learners can find information about Coltec, a fictional com-
pany that manufactures adhesives and coatings. A description is given
of the history, the products, the market share and the organizational
structure of Coltec. Coltec is a ‘product leadership’ type of organisa-
tion (Treacy & Wiersema, 1995). This type of organisation strives for
developing innovative products, which requires a strong focus on R&D-
related activities. Important knowledge departments for this type of
company are R&D, Marketing and Production. Other types of organ-
isations distinguished are ‘customer intimacy’ (competing by trying to
become a partner for a limited number of customers through providing
customised products) and ‘operational excellence’ (competing by pro-
ducing at the lowest costs). Four predefined events belong to the Coltec
case. Each event negatively influences the knowledge household of Coltec
in a typical way.

Event 1, ‘Decline of chemistry students’ concerns the fact that in the
coming years, a decline in the number of chemistry students can be ex-
pected. This represents a threat to Coltec in terms of knowledge consol-
idation. There is a risk that Coltec misses out on accurate knowledge of
Chemistry in the future. Event 2, ‘Differences in productivity’ concerns
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the fact that some plants reach acceptable production targets whereas
others are not able to do so. This is a problem in terms of the distribu-
tion of knowledge of the machinery. Event 3, ‘New legislation’ concerns
the fact that Coltec suffers from inadequate business intelligence because
it missed out on important legal knowledge. This requires interventions
that focus on developing knowledge. Event 4, ‘Competition clause’ con-
cerns the fact that a former employee of Coltec develops a new product
for a competitor supposedly with knowledge that he developed while
working for Coltec. This represents a consolidation problem, because
knowledge held by the employee that left should have been safeguarded
from loss.

3.2.3 Method
This paper-based material was used in an exploratory gaming ap-

proach. In small teams, several participants were asked to read the case
description of Coltec. They were instructed to initiate actions that im-
prove the efficacy of the knowledge household of Coltec in general and
to propose actions for specific events.

The four events were presented one by one. The participants were
asked to read the first event and to discuss possible knowledge man-
agement actions. When participants felt they had sufficiently discussed
the event, the actions were written down. Additionally, the participants
were asked to include argumentation for the actions proposed, and a
prediction of the expected effects of the proposed actions. Then the
next event was introduced. The data thus consists of a list of proposed
actions, their arguments, and the expected effects for each of the four
events. These entries were in free-text format.

Each of the actions of the participants is labelled in terms of the type
of management activity and intervention it applies to according to the
KM model. This is done independently by two coders. In the majority
of the proposals (95%) the coders agreed about the type of intervention
applicable. When a disagreement was encountered, the coders discussed
the nature of the disagreement in order to reach agreement.

Sixty-one participants played the game: a group of students, a group
of academics and a group of managers following a KM workshop. The
students (N = 40) who participated had no prior knowledge in the do-
main of knowledge management. They were presented with the article
in which the KM model is described (Wiig et al., 1997). The academics
(N = 6) who are involved in various European projects, had some expe-
rience with and knowledge about KM at a theoretical level as well as at
a practical level. The managers (N = 15) played the game in a similar
way to the other groups. These players had no explicit knowledge about
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KM, but one can assume they had at least tacit knowledge about man-
agement in general. The academics and the managers did not receive the
article before playing the game. One can assume that all participants
had at least rudimentary knowledge available about the domain of KM
and more specifically about the model of Wiig et al. (1997).

3.2.4 Summary of results & conclusions
The teams took approximately four hours to go through all four

events. They formulated between 23 and 45 proposals per event. Not all
proposals concerned interventions. Some of them concerned knowledge
management activities that focused on analysing the knowledge house-
hold of Coltec and some were not related to Knowledge Management
activities. In table 3.1 an overview is given of the most salient results.

Event NA % I (AI) % M % NO
Decline of chemistry students 45 85 (69) 6 9
Differences in productivity 45 40 (33) 35 25
New legislation 47 57 (51) 11 32
Competition clause 20 60 (50) 25 15

Table 3.1. Main results for the four events of the Coltec case. (NA = Number
of Actions, I = Interventions, AI = Appropriate Interventions, M = Management
activities, NO = NOt KM-related actions)

Several conclusions can be drawn from this exploratory study that
guide the design of a simulation-game for the domain of KM.

Players act upon the instruction given and write down their actions
for the events. They engage in relevant discussions about the domain
of KM and they try to solve the problems stated in the events. The
actions include appropriate interventions for the events. The percentage
of appropriate interventions ranges between 33 and 69%. A minority
of the actions refer to management activities. This percentage ranges
between 6 and 35%. Some actions are not related to the domain of
KM. For instance, a typical action of players for event 4 is to buy the
competitor in order to retrieve the knowledge of the former employee
who is working for the competitor. This is not a KM-related action.
The percentage of non-KM related actions ranges between 9 and 32%.

The question is, however, to what extent the KM model as described
by Wiig et al. was used in order to come to the interventions proposed.
The article about methods and techniques in KM that was distributed
beforehand gave a rather static image of how to solve KM problems. In
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a dynamic simulation-game for the domain of KM, a normative model
could support a systematic problem solving process. Knowledge about
the model and guidance in how to use it is needed in order to support
appropriate and effective use. It should be made explicit what the benefit
of such a model could be, not only for finding correct interventions but
also to support the problem solving process. Asking for elaborate and
clear argumentation for activities and interventions can be of help to
discover inappropriate underlying mental models.

The players indicate that they have sufficient information from the
Coltec case description in order to react upon the events. Sometimes,
however, they use assumptions to cover areas for which no information
is available. In their argumentation, they indicate on which variables
an intervention could have an effect. They also refer to the direction
of that effect. Since these hypothesized effects are not realised in the
paper-based game, the players feel that the game setup is rather static.

The identification of appropriate interventions could be further im-
proved by implementing an adequate description of possible interven-
tions and their expected effects on the knowledge household of a com-
pany. Transforming the static, paper-based Coltec game into a dynamic
simulation-game provides the possibility of implementing feedback mech-
anisms concerning the effects of interventions on knowledge and business
variables. This would also make the game more realistic and thus more
appealing to players. This can take effect in developing a Business Model
that simulates the behaviour of Coltec and the effects of events and in-
terventions.

In conclusion, inexperienced people do have a general idea what know-
ledge management is about. Using a gaming approach for teaching about
KM could be promising, not only in the light of these empirical results,
but also with respect to the ideas of constructivism.

3.3 KM Quest
The results of the exploratory study of the paper-based Coltec game

informed the design of the electronic learning environment KM Quest
of which the start page is shown in figure 3.2. Two formative evalua-
tions of KM Quest guided the final design of this learning environment
(Christoph et al., 2002; Christoph, Leemkuil, Ootes, Shostak & Mon-
ceaux, 2003). In KM Quest teams of (ideally) three members have the
task to manage the knowledge household of Coltec as effectively and
efficiently as possible. During a number of quarters in the life of Coltec,
events happen. It is up to the teams to analyse the events and the know-
ledge household of Coltec in order to propose appropriate interventions.
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Learning goals include the acquisition of both declarative knowledge
about concepts and relations between them in the domain of knowledge
management, and also procedural knowledge about how to solve know-
ledge management problems. These learning goals are further elaborated
on page 53.

Figure 3.2. The start page of KM Quest.

The effects of interventions on Coltec are simulated by a business
model (BM) in KM Quest (De Hoog et al., 2001; De Hoog et al., 2002).
Over 500 indicators exist in the BM which are organised in four layers
(figure 3.3). The two upper layers of indicators are business-related, the
two bottom layers are knowledge-related.

The Organisational Effectiveness Indicators (OEI) are situated at the
top level of the BM. They represent the relation between the organisation
and its environment. This layer consists of three indicators: market
share (MS), customer satisfaction index (CSI) and profit (P). The values
of these three indicators have a central place in the start page of KM
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Quest. They are visualized on the white board in the office in KM Quest
(figure 3.2).

The business process-related variables reflect the way processes run in-
side the company. Examples of business-related indicators are the num-
ber of employees in the marketing department, the number of patents
pending, and the product quality index.

Knowledge-related indicators represent the relevant knowledge de-
partments in the organisation and their properties. Knowledge depart-
ments represent organisational units within Coltec. Three knowledge
departments are distinguished: the Marketing, Production and R&D
department. Examples of indicators in this layer are the level of compe-
tence in each of the departments.

Knowledge process-related indicators reflect the properties of know-
ledge processes in Coltec. Knowledge processes in KM Quest are similar
to the classes of knowledge operations distinguished in the KM model
by Wiig et al. (1997). Knowledge processes distinguished in KM Quest
are: Gaining (bringing new knowledge from outside, into the company),
Development (making knowledge in Coltec more relevant for the work
performance), Utilisation (implementing work solutions and new ideas),
Transfer (making knowledge from one department available to the other
departments) and Retention (safeguarding knowledge from loss). Trans-
fer in KM Quest equals ‘Distribution’ in Wiig’s model. Utilisation is a
process that is not part of Wiig’s model.

For each knowledge process, three properties are distinguished: speed
(the speed at which a knowledge process takes place), effectiveness (the
degree to which a knowledge process realizes the intended purpose) and
efficiency (the time versus resources ratio; e.g. knowledge gaining is
efficient if relevant knowledge is received from outside Coltec with a
minimum expenditure of energy, time and resources).

Figure 3.3 also depicts the relation between the four layers of indica-
tors, and the events and interventions. Events can be either internal or
external. An internal event is ,for instance, the fact that a senior man-
ager from the marketing department leaves the company. Internal events
influence the properties of knowledge processes in Coltec. When a senior
manager leaves the company, essential knowledge is lost, resulting in a
decrease of the effectiveness of knowledge retention. A typical external
event is the fact that a competitor of Coltec brings a new product on
the market. External events influence the main organisational indica-
tors. When a competitor brings a new product on the market, Coltec
experiences a threat to its market share. Interventions are the solutions
the knowledge manager can propose to improve the knowledge house-
hold of Coltec. These interventions influence properties of the knowledge
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Figure 3.3. The four layers of indicators from the business model.

processes within Coltec. For instance, when recruiting new employees,
the speed of knowledge gaining and development will increase. This ef-
fect then propagates to higher levels (i.e. knowledge-related, business
process-related and organisational effectiveness indicators). One impor-
tant feature of the business model is that a decay function is implemented
in the BM. If players take no action, the situation of Coltec gets worse
over time.

The status of the indicators in the business model are visualized in
KM Quest. The functional relations between different (layers of) in-
dicators are not visualized, because this is not a learning goal. These
functional relations concern how effects propagate to higher levels of the
BM. Because the business model contains many indicators, visualization
packages have been created. Each visualisation package is a clustering
of indicators that conceptually belong together. In total there are 36
visualization packages. Example of a visualization package is speed of
all knowledge processes in marketing.

One special visualization exists, namely the knowledge map. The
knowledge map is a visualization of knowledge departments and pro-
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cesses in Coltec. For each knowledge department in Coltec, all know-
ledge processes are depicted. For each knowledge process, the properties
speed and effectiveness are visualized in terms of a letter and a colour
coding.

Figure 3.4. An example of the knowledge map in KM Quest.

In figure 3.4 an example of the knowledge map is shown. Each know-
ledge process in each department is coloured. The colour concerns the
effectiveness of the processes. Darker colours stand for lower effectiveness
and brighter colours indicate higher effectiveness of knowledge processes.
Additionally, textual information shows the speed at which knowledge
processes in departments take place. For example, ‘S = vs’ means ‘speed
is very slow’. The knowledge map gives a concise overview of how Coltec
is doing with respect to its knowledge household.

3.3.1 The task model in KM Quest
In order to support a systematic approach to problem solving in the

KM domain, a task model is implemented in KM Quest. This task model
is called the KM model (de Hoog, Shostak, Purbojo, van der Tang, van
Heijst & Kruizinga, 2001; de Hoog, Shostak, Purbojo, Anjewierden,
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Christoph & Kruizinga, 2002). The KM model is based upon the model
of Wiig et al. (1997). This model is adapted by taking into account
practical experiences of experts in the field of KM. In figure 3.5 the KM
model is depicted. The model is embedded in KM Quest as a form of
support. Its role is to support a systematic approach to problem solving
of novices in the domain of KM. Although it is normative in nature, the
KM model is not such a straitjacket as is the task model in the study
of Mettes and Pilot (1980). In their study, it was obligatory to use the
task model to solve thermodynamics problems.

The KM model prescribes how to solve a monitoring-diagnosis prob-
lem. The goal of a monitoring-diagnosis problem is to identify dis-
crepancies between an observed and a desired situation. Subsequently
one needs to identify the elements that need optimalisation in order to
achieve the desired situation. In KM Quest, players analyse the know-
ledge household of Coltec with respect to the actual status of business
and knowledge indicators and the desired status. They then take ac-
tion in the form of implementing interventions that aim at optimising
properties of knowledge processes in order to reach the desired situation.

The KM model is situated at the task-level of the theoretical model
(see chapter 2, page 32). It concerns the method that specifies how to
solve a monitoring-diagnosis task. The model consists of four phases:
the FOCUS, ORGANISE, IMPLEMENT and MONITOR phase. Each of
these phases is decomposed in subtasks and activities. The activities are
executed at the object-level, they represent domain-specific activities. In
the appendix an example is presented how to use the KM model in order
to analyse a typical event.

3.3.1.1 The FOCUS phase

The FOCUS phase aims at providing contextual information about ob-
jectives and current performances of the company. One of the first steps
in this phase is to decide where to focus. This focusing enables further
delineation of the problem area. Learners have to decide whether they
want to focus on knowledge departments, knowledge processes or the
event. In each ‘focus’ a link is established between organisational aims
(e.g. increasing market share by 2%) and knowledge management aims
(e.g. increasing the competence of employees working in the production
department).

When focusing on knowledge departments, relevant indicators for
these departments are proposed in the KM model. For example, when
focusing on the R&D department, relevant indicators to pay attention to
are: the company product quality index, or the number of new patents.
Next, properties of knowledge departments come into play. Teams can
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Figure 3.5. The Knowledge Management model in KM Quest.
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choose whether or not they want to pay attention to the level of com-
petence of employees or the effectiveness of knowledge retention in a
particular knowledge department.

Team members can choose to focus on any of the knowledge processes
that play a role in KM Quest and furthermore on any number of proper-
ties of knowledge processes in or between knowledge domains that they
deem important. For example, players can focus on the speed of know-
ledge transfer between the Production and the Marketing department.

Finally, one can aim at focusing on the event itself in the FOCUS
phase. Team members can discuss what the possible effect of events
could be on the knowledge household of Coltec (for instance, an exter-
nal threat has a negative effect on knowledge-related indicators in the
knowledge household of Coltec.), whether they are caused by factors in-
or outside of Coltec, or whether events represent a threat or an oppor-
tunity for Coltec.

After having decided on which indicators team members want to focus,
they inspect the current and past status of relevant indicators in table
or in graph view. Teams can then set their target for any number of
Business or Knowledge Process Indicators (BPI or KPI). For instance,
a team can decide to aim for a market share of 33% in the 5th quarter
in the game or they can strive for the value 8 (on a scale from 1-10)
for speed of knowledge gaining in the marketing department in the 3rd
quarter. By setting targets, teams formulate their own goals in the game.

3.3.1.2 The ORGANISE phase

In the ORGANISE phase, learners inspect the current knowledge
infrastructure of the company. In this phase, learners can propose a
solution direction and subsequently analyse what the hypothetical ef-
fects are on the knowledge departments and processes in the company.
Solution directions are: implement organisational changes, co-operate
within Coltec, co-operate with partners, train employees, implementa-
tion of ICT, recruit and hire new employees and/or implement reward
and bonus systems. For instance, team members can choose to hire ad-
ditional employees in the marketing department which possibly results
in an increase in knowledge gaining in this department.

Next, in this phase players are required to shortlist the interventions
of their choice. There are 56 predefined interventions available in KM
Quest. Teams have a budget for buying interventions. Each intervention
costs a certain amount of money and when implemented, this sum is
substracted from the total budget available.
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3.3.1.3 The IMPLEMENT phase

In the IMPLEMENT phase the interventions selected in the ORGANISE
phase are implemented. Contrary to reality, where an implementation
plan should be made that describes the measures and the projects in
order to effectuate interventions, in this phase the successful implemen-
tation of the interventions is guaranteed. Therefore, in KM Quest, this
phase is of lesser importance than in real life. This is a main difference
between the KM model of Wiig et al. and the current model in KM
Quest. The list of interventions chosen in the ORGANISE phase is voted
upon and effectuated if all players agree positively. This results in a
quarter change.

3.3.1.4 The MONITOR phase

In the MONITOR phase, learners can inspect relevant indicators in
order to establish a clear picture between the ambitions of the team and
the current performance of the company in terms of business and/or
knowledge-related indicators. They can also formulate their conclusions
about the effects of the interventions taken on the knowledge household
of Coltec.

3.3.2 Learning goals
Two types of learning goals are formulated in KM Quest. The first

type of learning goal relates to acquiring declarative knowledge of the
domain of KM. Declarative knowledge is concerned with the acquisition
of concepts and relations between them relevant to the domain of know-
ledge management. This declarative knowledge covers a wide variety
of facts that range from generally accepted knowledge in the domain of
KM to specific facts relevant for KM Quest.

The second type of learning goal is concerned with the acquisition of
procedural knowledge, knowledge about how to do things. It is situated
both at the object- and the task-level in terms of the theoretical model.
Knowledge about how to perform the activities of the KM model belongs
to the object-level. The control structure belongs to the task-level (see
page 164). In table 3.2 an overview is given of all learning goals for KM
Quest.

3.3.3 KM Quest and the constructivist paradigm
Besides the KM model, additional learner support is embedded in

different forms in KM Quest (Leemkuil et al., 2001; Leemkuil et al.,
2002). One could argue that there is a trade-off between following the
constructivist principles versus adding support for guiding the learning
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Declarative knowledge

General
What is the rationale for KM?
What is the definition of knowledge?
What is the definition of KM?
What is a product leadership type of company?

Performance indicators
What are the four levels of indicators?
How are the four levels of indicators organised?
What do all the indicators mean?

Knowledge processes and departments
What knowledge processes are distinguished in KM Quest and what are their
definitions?
What knowledge departments are distinguished in KM Quest?

Events
What types of interventions exist?

KM Interventions
What types of KM interventions exist?
What are the expected effects of interventions?

Procedural knowledge

Higher level
What are the four phases in the KM model and what is their definition?
What is the character of the KM model?

Being able to perform the activities in the KM model
Inspect current BPI and event
Decide where to focus
Determine focus on knowledge domains
Determine focus on properties of knowledge domains
Obtain information on knowledge processes and event
Determine focus on knowledge processes in domains and between domains
Inspect and discuss event
Set desired Business Process Indicators (BPI) and Knowledge Process Indica-
tors (KPI)
Inspect Knowledge InFra structure (KIF)
Decide on, and select and implement interventions
Monitor changes in the business
Write the yearly report

Being able to solve KM problems
Being able to interpret an event
Being able to choose relevant interventions for an event
Being able to interpret the status of an indicator and take appropriate actions

Table 3.2. Learning goals in KM Quest.
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process in an electronic learning environment. By adding learner support
to KM Quest, the learning environment is less constructivist in nature.
However, support is deemed a necessary condition for fostering learning
(see chapter 1).

Important characteristics of support in KM Quest are described be-
low. Players are supported in active knowledge construction. The pres-
ence of handbooks supports collection of information. Different hand-
books are available: KM handbook (description of the KM model and KM
in general), Intervention handbook (information about interventions and
their possible effects), Indicator handbook (definitions of indicators), KM
dictionary (glossary of terms) and the Visualization handbook (informa-
tion about how the indicators are visualized in KM Quest). Just-in-time
information is presented in the KM model. Each activity in the model
is accompanied by a What to do and How to do tab. In these tabs in-
formation is provided that explains what do to in that specific activity
and how to perform the activity.

The authenticity principle is safeguarded in KM Quest by means of
the realistic case material of Coltec. In the chart of Coltec on the white
board, information is provided about the company’s products, its mar-
kets, its structure and its history. KM Quest contains realistic problems
in the form of events, which are described in the Newspaper. The prob-
lems in the events are ill-structured and ill-defined. On the one hand,
all the information is available in the game to perform the activities of
the KM model that support the problem solving process. In that sense,
there are no open constraints in events for which values are unknown.
On the other hand, players need to formulate certain assumptions to
further aid the problem solving process. In that respect the problems
are ill-structured. The problems in KM Quest are ill-defined because
there is no criterion for the end-state. Players are instructed to manage
Coltec’s knowledge household ‘as good as possible’. In KM Quest the
problems are highly situated in the Coltec context.

KM Quest supports self-regulation and reflection. History books are
implemented for each quarter in the game. In the history books players
can inspect what activities of the KM model they have performed in pre-
vious quarters. Also the content of the communication is available for
inspection. The history books serve as common memory for the team in
order to keep track of what they have been doing in the game. Feedback
about how one is doing enables adjustment of one’s learning behaviour.
The visualization of the indicators is especially important in interpreting
how Coltec is doing and what the effects are of interventions. These in-
dicators can be inspected at any time during the game. In order to judge
whether the interventions were appropriate for an event, information is
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given in the next quarter about the type of events just played and the
possible interventions one should have chosen. An Advisor is activated
when the value of certain knowledge indicators drops below a threshold
value. This is an indication that Coltec is not performing well. If this is
the case, then advice is given with respect to the types of interventions
one could choose in order to increase the values of the indicators men-
tioned. For instance, when the status of the indicators for properties
of knowledge development processes in the production department has
dropped below 4.5 then advice is given to focus on training people and
implementing organisational changes.

Reflection is supported in the MONITOR phase of the KM model.
Players are required to write a yearly report that focuses on what prob-
lems were encountered, how these problems were solved and what went
well and what went wrong. This enables reflecting on the problem solv-
ing process and identifying strong and weak points.

The game is strongly geared towards collaboration. Players are or-
ganised in teams of three members. They communicate with each other
in a central chat facility (the telephone in the office). All activity tem-
plates in the KM model have a chat facility available, too. This supports
topic-related communication. The activities in the KM model require
collaboration. Collaboration is supported by the presence of shared work
spaces. Players, for instance, have to choose a focus on specific know-
ledge departments or processes or they have to formulate an adequate
interpretation of an event which requires free-text writing areas. In order
to implement interventions players have to agree on a set of interven-
tions decided upon earlier in the KM model. This is supported by an
electronic voting system. Once all players agree on a (set of) interven-
tions, the game progresses to the next quarter in which a new event is
presented. In order to keep track of each other in the game, a special
function called Group call is implemented in KM Quest. Players can in-
vite each other to a specific location in the game. The invitation can be
accepted or rejected. Acceptance results in a ‘tele-transportation’ of a
player from a current location to the desired location. This allows teams
to gather quickly.

In conclusion, KM Quest is designed in such a way that in theory it
is a suitable learning environment that is consistent with the construc-
tivist paradigm. So, this environment is used in the empirical studies
described in the next three chapters.



Chapter 4

STUDY I: PILOT

This chapter1 describes the results of the pilot study of KM Quest.

The study focuses on exploring meaningful learning and the use of meta-

cognitive skills in KM Quest, and the development of measurement in-

struments and analysis tools. Twenty-seven students participated in this

study. Learning results were measured by means of pre- and post-tests

for transfer of knowledge, which is an indication that meaningful learn-

ing occurs. Metacognitive skills were measured by means of the MSLQ.

After the exclusion of cases with missing data, results of the subsample

(N = 14) reveal that transfer occurs. This is however not related to the

self-reported use of metacognitive skills. A coding scheme was developed

for annotating collaborative communication protocols. This instrument

serves as a direct behavioural measure of the use of metacognitive skills.

The categories are based upon the metacognitive skills derived from the

literature. It appears that metacognitive behaviour does occur in the com-

munication protocols. An analysis tool called ANALOG was developed for

analysing log files of KM Quest. Initial results indicate that teams that

score higher on the post-test for transfer appear to spend more time on

the KM model than teams that score lower on the post-test. This suggests

that perhaps the ability to transfer knowledge can be accounted for by the

KM model.

1Part of the content of this chapter is derived from the project deliverable of KITS: Christoph,
L.H. and Leemkuil, H. and Ootes, W and Shostak, I.S. and Monceaux, A. (2003). Final
evaluation report on the use of the final KITS learning environment prototype. Technical
report D14, University of Twente . Another part was published in the form of a conference
paper: Christoph, N., Anjewierden, A., Sandberg, J.A.C. & Wielinga, B.J. (2003). Measuring
metacognitive skills in a collaborative gaming-simulation learning environment for the domain
of knowledge management. Proceedings of EDMEDIA, Honolulu, Hawaii, pages 2313-2316.
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4.1 Introduction
In this chapter the results of the first empirical study (pilot) that was

performed on KM Quest are described. Two research goals guide this
pilot study.

To explore meaningful learning and metacognition in a constructivist
learning environment.

To develop a concurrent measurement instrument for metacognition
and an analysis tool for process measures of learning.

4.1.1 Types of learning
Learning can be conceptualised on a continuum from no learning via

rote learning to meaningful learning (Ausubel, Novak & Hanesian, 1978;
Mayer, 2002). Rote learning involves storing material in long-term mem-
ory and subsequently being able to recall or retrieve it at a later stage
in a similar setting without necessarily understanding it (Mayer, 2002).
It involves memorizing material without associating it with prior know-
ledge and without giving it a meaningful context for the learner.

The added value of meaningful learning lies in the fact that it requires
the learner to actively integrate new knowledge with prior knowledge.
Meaningful learning is especially important in constructivist learning
environments. As Mayer (2002) puts it “a focus on meaningful learning
is consistent with the view of learning as knowledge construction in
which students seek to make sense of their experiences” (Mayer, 2002,
p. 227). An overview of the constructivist principles is given in chapter
2 of this thesis. According to Ausubel et al., (1978) the essence of
meaningful learning is that the learner is able and willing to connect the
new meaning with his or her existing cognitive structure and that the
material to be learned is potentially meaningful for the learner.

Transfer relates to the fact that the learner understands the instruc-
tional material and is able and willing to apply it to another setting.
Meaningful learning is an essential condition for transfer of knowledge
to occur (Ausubel et al., 1978; Baker & Mayer, 1999; Mayer, 2002).
Only when the newly acquired knowledge is understood, one is able to
apply it in a similar setting. However, lack of transfer does not necessar-
ily imply that learning did not occur. One could very well understand
certain principles but one is not (yet) capable of applying it to another
setting because, for instance, the new setting is too different from the
initial setting in which the knowledge was acquired.

A common distinction is made between low-road and high-road trans-
fer (Salomon & Perkins, 1989). Low-road transfer (or near transfer) in-
volves extensive and varied practice in a certain domain which leads to



Study I: Pilot 59

the spontaneous or automatic transfer of these highly practiced skills in
a somewhat new context. With ‘varied practice’ Salomon and Perkins
refer to the fact that “A cognitive element is learned and practiced in
a variety of contexts until it becomes quite automatic and somewhat
flexible because of the variety” (Salomon & Perkins, 1989, p. 120). This
invokes automatization; there is no need for elaborate reflection when
being confronted with a comparable situation that prompts the well-
learned behaviour to occur.

High-road transfer concerns the intentional and mindful abstraction
from knowledge in one context and the application of this knowledge in
another situation. Abstraction involves the extraction of generic charac-
teristics or general rules and principles from the learned material. Con-
textual details that were perhaps prominently present in the learning
material are no longer important. “Abstraction thus involves decontex-
tualisation and representation of the decontextualized information in a
new, more general form subsuming other cases” (Salomon & Perkins,
1989, p. 125). With using the term ‘mindful’ Salomon and Perkins
refer to the fact that having mere abstractions is not sufficient. Learn-
ers should also understand and be able to use such abstractions. Such
understanding is the result of active learning, where the learner has con-
trol over the learning process. High-road transfer is guided by the use
of metacognitive skills (Brown, Bransford, Ferrara & Campione, 1983;
Salomon & Perkins, 1989). Metacognitive skills such as reflecting on the
nature of a problem, comprehension monitoring, planning, or reflecting
on the problem solving process are at the core of transfer of learning
(Mayer, 2002). Georghiades (2000) argues that a learner who reflects on
his or her learning process (that is, a metacognitive learner) reaches a
deeper understanding of the course material. This concerns meaningful
learning which is the basis for transfer. Reaching better understanding
means that the learner “...will be able to identify the use and purpose
of this knowledge, to handle learned material in a different manner and
to explore potential use of this material under a number of different cir-
cumstances” (Georghiades, 2000, p. 128).

In conclusion, the first hypothesis for this study proposes that construc-
tivist learning environments support meaningful learning. Meaningful
learning is a condition for transfer. In this study, transfer of knowledge
is measured. In order to establish whether any transfer of knowledge
occurs, low-road transfer is measured as it is more difficult to measure
high-road transfer. The context used in this study to allow the measure-
ment of transfer consists of a case that is similar to Coltec (see chapter
3).
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In order to explore how students use metacognitive skills in construc-
tivist learning environments, first it should be decided how to measure
the use of metacognitive skills.

4.1.2 Measuring metacognition
Three types of approaches to measure metacognition can be distin-

guished: prospective, concurrent and retrospective methods (Veenman,
in press). The methods differ with respect to whether metacognition
is measured prior to, during or after task performance. Prospective
methods measure the use of metacognitive skills before task performance
by means of questionnaires or interviews. Concurrent methods involve
the use of think-aloud protocols and systematic observation. Data is
then collected during task performance. Retrospective methods such as
questionnaires, self-reports, interviews and stimulated recall techniques
measure metacognition after task performance.

Prospective measures An example of a prospective measurement in-
strument is the Motivated Strategy for Learning Questionnaire (MSLQ)
(Pintrich & De Groot, 1990). The MSLQ is a self-report instru-
ment designed to assess students’ motivation and their use of differ-
ent learning strategies for courses. Learning strategies are measured
in terms of three areas: cognitive, metacognitive and resource man-
agement strategies that each consist of multiple Likert-type scales.
A typical question is ‘I ask myself questions to make sure I know the
material I have been studying’. Items are scored on a seven-point re-
sponse set (1 = not at all true for me and 7 = very true for me). The
scales of the MSLQ can be used either together or separately, since
they are designed to be modular and can be used to fit the needs
of the researcher or instructor. Therefore, only items focusing on
metacognitive strategies are included in this study, these items com-
prise the scale ‘Metacognitive self-regulation’ 2. Three processes make
up metacognitive self-regulation according to Pintrich and De Groot
(1990): planning, monitoring and regulation. Planning involves goal-
setting and task analysis to help activate relevant aspects of prior
knowledge. Monitoring involves tracking one’s attention. Regulation
refers to the fine-tuning and continuous adjustment of one’s cognitive
activities.
The reliability and validity of the MSLQ is sufficient (Pintrich, Smith,
Garcia & McKeachie, 1993). Cronbach’s alpha for the scale Meta-
cognition was 0.79. The validity was confirmed by a factor analysis.

2This scale will be further referred to as ‘Metacognition’ in the remainder of this thesis
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Also, the questionnaire showed a significant correlation with course
grades (r = 0.30). It is this method that is used throughout the
subsequent empirical studies in this thesis in order to measure the
self-reported use of metacognitive skills.

Concurrent measures Concurrent measures include direct behavioural
measures, such as think-aloud protocols on which protocol analysis
can be performed. In order to perform protocol analysis, a coding
scheme should be developed that is exhaustive and exclusive. An
exhaustive scheme implies that all relevant behaviour can be cate-
gorised in the scheme. An exclusive scheme indicates that categories
are independent from each other. For the present study the coding
scheme distinguishes between cognitive and metacognitive behaviour.
In order to develop categories for metacognitive behaviour, the meta-
cognitive skills identified in chapter 2 (see page 9) are used. These
metacognitive skills are situated at the meta-level of the theoretical
model described on page 32, that is, they are generic skills for mon-
itoring and controlling the learning process. It is indicated in bold
below how these categories are referred to in subsequent chapters.

Reflecting on the nature of a problem

Comprehension monitoring

Predicting the consequences of an action

Planning activities

Monitoring the ongoing activities

Checking results of one’s actions

Testing for plausibility

Evaluating one’s learning or problem solving process

Additionally, a coding scheme should make clear what the unit of
analysis is. Strijbos, Martens, Prins & Jochems (in press) have de-
veloped a set of guidelines for the segmentation of protocols in order
to create meaningful units of analysis and thereby increasing the re-
liability of data. Their guidelines involve segmenting sentences by
using the punctuation marks written by the author and subsequently
applying more refined rules such as “in case parts of a compound sen-
tence share a conditional relationship, those parts are not regarded
as separate segments”.

Retrospective measurements Retrospective measurements can con-
sist of the same questionnaires or interviews as those that are used
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prior to task performance with one alteration, namely that questions
can be made specifically applicable to the learning activity that has
just been completed.

Prospective and retrospective methods are usually less valid in deter-
mining metacognitive behaviour than concurrent ones (Veenman, 2001,
Pintrich, Wolters & Baxter, 2000). One common pitfall is the phe-
nomenon that students report that they use certain strategies but when
compared to actual behaviour, the reported strategies do not always
occur. Thus it is better to use concurrent methods. This is more so
because results indicate that concurrent methods of measuring meta-
cognitive behaviour such as the use of think-aloud protocols correlate
more strongly with learning outcomes than other measures (Veenman,
in press).

The think-aloud method assumes that a participant verbalizes all
thoughts that occur during the problem solving process. All the in-
formation that is active in the working memory of the participant is
put into words (Van Someren, Barnard & Sandberg, 1994). The task
of thinking-aloud usually does not interfere with task performance pro-
vided that participants are instructed merely to verbalise their thoughts,
not to reflect on their thinking (Ericsson & Simon, 1990).

Think-aloud protocols appear to be ideal in studying metacognition
from an individual viewpoint but are they appropriate when learning is
collaborative in nature? Collaborative learning requires students to ex-
ternalize their thoughts and to monitor whether their ideas come across
well. Since in collaborative learning communication is part of the task,
it may very well interfere with using the think-aloud method in order to
capture thought processes. Instead, the communication protocols that
capture the ongoing discussions between learners and not the individual
thought processes, could be used to tap (meta-)cognitive processes.

According to Ericsson and Simon, the process of deliberately external-
ising thoughts to other learners does not necessarily reflect spontaneous
thinking with complete accuracy. Both types of protocols might very
well differ. However, collaborative learning could require learners to
work in a more orderly way and to use more rigorous strategies to mon-
itor the learning process. In fact, the authors argue that the necessity
to verbalise thoughts in a coherent manner would require a more active
approach to learning.

In conclusion, to measure the use of metacognitive skills the preference is
to use protocol analysis as a direct behavioural measure. It is plausible
that students need their metacognitive skills in order to effectively com-
municate their ideas in a collaborative learning setting. The question is,
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however, to what extent the use of metacognitive skills is demonstrable
in the communication protocols. The second hypothesis in this study is
that metacognitive activities as delineated in the coding scheme can be
identified in communication protocols originating from a collaborative
learning setting.

4.2 Method
4.2.1 Participants

Forty-one students from the Polytechnic Hogeschool Zuyd in Maas-
tricht participated in the pilot study in Autumn 2002. The average age
of these 41 students was 22.83 years (SD = 1.72). Twenty-four students
were male, the remaining 17 female. Students were enrolled in the study
of Information Management and Services. They were in the fourth year
of their study. The pilot study took place during the course ‘Knowledge
management’ that ran from September to October 2002.

4.2.2 KM Quest
A detailed description of KM quest is presented in chapter 3 which

covers the main functionalities of the game. However, the pilot study was
conducted with prototype II of the learning environment. This prototype
lacked certain functionalities with respect to the final version that is
described in chapter 3. The functionalities that were not implemented
in prototype II are: Group call, Visualizations, Advisor, History, the e-
mail notification system that informs students overnight about changes
in their environment and the information in the How to and What to
work sheets. Additionally, several bugs existed in this prototype. They
included the fact that the chat did not automatically refresh, players
had to open and close chat windows in order to see the latest messages.
Also voting for interventions was not protected. So, participants could
vote under each other’s name.

4.2.3 Instruments
4.2.3.1 Learning results

Several product measures for learning results were included in the
study. Three sets of data were used. First, the status results of the three
Organisational Effectiveness Indicators (OEI) in the 7th quarter in the
game were used (see chapter 3). Game scores for the nine teams were
created by transforming the results on the business indicators Customer
Satisfaction Index (CSI), Market Share (MS) and Profit (P) to a 10-point
scale and subsequently calculating the average of these three indicators
per team. Second, institutional KM course grades served as an indication
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of learning on an individual level with respect to the institutional course.
Third, a ‘paper and pencil’ questionnaire (HollandSky) was developed
in order to individually measure low-road transfer as an indication that
meaningful learning occurred. This was done in a pre- and post-test.
This test involved the capability to apply knowledge and skills learned
in KM Quest to a slightly different case.

The questionnaire HollandSky was based on the learning goals of KM
Quest (see chapter 3) and consisted of two parts. The first part aimed at
measuring declarative knowledge and consisted of two open questions.
The second part aimed at measuring procedural knowledge. For this a
case was created with nine questions (3 closed and 6 open questions).
The case concerned a fictitious but realistic small travel agency called
HollandSky (Ediati, 2002). This company is comparable to Coltec but
differs with respect to the strategic aim. Coltec is a large product lead-
ership organisation, whereas HollandSky is a typical example of a small
customer intimacy organisation. Answering the questions correctly re-
flects the ability to correctly transfer knowledge to a slightly different
case. Three events were presented in the case. The 3 questions per event
were about the type of the event, activities to employ, interventions to
choose and expected effects.

Two parallel versions of HollandSky were developed in order to pre-
vent test-retest effects. Additionally, having different but parallel ques-
tion items in pre- and post-test could yield higher motivation for filling
in the post-test, since items were new to students. The types of events
included in both versions were the same, the actual event was different.
For example, event 1 in version A of the test concerned the fact that the
general manager of HollandSky received complaints from a customer of
HollandSky with respect to the service it provides. An internal investi-
gation showed that the complaints began after the employee that usually
handles these contacts, could not do this anymore and her colleagues had
to take over (internal threat). The event in version B concerned the fact
that one employee is thinking of an early retirement (internal threat).
During the pre-test, versions were distributed randomly to players. Dur-
ing the post-test, students received the version they had not seen before.
As some of the items concerned open questions, a standardised marking
model was constructed to support objective grading. Test outcomes were
graded on a ten point scale ranging from 1 (very bad) to 10 (excellent).

4.2.3.2 Metacognition

The use of metacognitive skills was measured retrospectively. After
task completion, students were asked to fill in an adapted version of
the MSLQ. Only the scale for metacognition was included. Students re-
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ceived 12 questions that they answered on a six-point scale ranging from
‘Strongly disagree’ to ‘Strongly agree’. The neutral mid-point was left
out of the original 7-item MSLQ response set in order to force students
to make a choice. The original MSLQ questions were adapted to the
learning environment KM Quest, by replacing ‘in this course’ with ‘in
KM Quest’.

In order to permit the development of a coding scheme as a direct be-
havioural measure for the use of metacognitive skills in the communica-
tion protocols, a selection of the data in the chat logs was made. Two
main biases that existed in the data should be mentioned here. First
of all, since students played with prototype II of KM Quest which in-
volved chat refresh problems, face-to-face communication was allowed.
Therefore, the chat protocols did not contain all possible communication
between team members. Moreover, for some teams, chat communication
was rather limited. Second, for reasons of labour intensiveness, a sample
of the available chat protocols was taken for analysis. Protocol analysis
was performed on the chat protocols of the best and worst performing
teams as defined by the post-test. Because the amount of communication
decreased over quarters, it was decided to only investigate the first quar-
ter of both teams. The communication protocols of these teams were
segmented according to the guidelines put forward by Strijbos et al. (in
press). The segmentation process resulted in 253 meaningful units of
analysis in the first quarter for the best team (team 78). For the worst
team (team 86) 49 meaningful units of analysis were identified in the
first quarter.

4.2.3.3 Process data analysis

In addition to the use of product measures in order to gain insight into
learning and metacognitive behaviour, process measures can be a source
of information. KM Quest consists of over 5,000 ‘pages’ or locations that
players can visit. Each specific page in the learning environment was
labelled with an identification code. The log files captured information
about who had opened, edited or closed a specific page at what time.
An example of the data captured in the log file is: player 1058, who
is a member of team 91, visited location 3201 [a chapter in the KM
Handbook] in quarter 3 on the 12th of October 2002 at 13:34 hours.
The information about the activities of the players revealed which areas
of the learning environment had been visited and for how long.
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4.2.4 Procedure
Students started with the institutional KM course at the beginning

of September 2002. They followed lectures, completed assignments and
studied a case as part of the institutional course requirements. All this
was done before KM Quest had started. The course was based on dif-
ferent theories of KM than KM Quest. KM Quest was played towards
the end of this institutional course (mid-October 2002). In order to
introduce the game, the experimenter gave an introductory lecture con-
cerning KM Quest. This lecture took two hours. Part of this lecture
consisted of completing the pre-test of HollandSky. In order to increase
motivation and effort of players a contest was organised. The winner of
the game was the team that reached the highest game result. During
a subsequent training session, students were given hands-on experience
with KM Quest and two example events were played individually in
order to practise the game. Then, for approximately four weeks until
mid-November, students played the game at their own pace. Teams were
strongly requested to communicate solely through the chat functionality
in the game. However, face-to-face communication was allowed since it
concerned a prototype with chat refresh problems. At the end of this
period teams had to reach the 7th quarter in the game. Blackboard
was used in order to maintain contact with the students. This is an
electronic course management system. In the final debriefing lecture the
post-test of HollandSky and the MSLQ were administered. Additionally,
some preliminary results were discussed and students were asked their
opinion concerning the game. Finally, players of the winning team were
awarded their prize (a PDA).

4.3 Results
4.3.1 Participants

Forty-one students participated in this study. Only 27 reached the
7th quarter in the game. Those who did not reach the 7th quarter were
discarded. The average age of the participants was 22.96 years (SD =
1.72) years. Fifteen students were male and 12 female. These students
had a lot of experience with chat tools and collaborative work spaces.
This originated from their use of Blackboard which is commonly used
by the Hogeschool Zuyd. These students did not use electronic voting
frequently.

4.3.2 Learning results
The results of students on the HollandSky test were marked by the ex-

perimenter. In order to verify whether the experimenter was sufficiently
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objective, a second person was assigned in order to judge the inter-
‘observer’ reliability. For this, four cases (15 percent of the data, ran-
domly chosen) were marked by both persons and the agreement in terms
of a correlation coefficient was calculated (Van den Brink & Mellenbergh,
1998). The correlation between the two sets of data is significant (r =
0.89, p < 0.01). Thus the marking performed by the experimenter was
sufficiently objectively.

In order to judge test reliability, Cronbach’s alpha was calculated for
both test versions. In table 4.1 the results are displayed. All 27 students
completed the pre-test, during the post-test two students were missing.
The reliability is calculated for each version. Pre- and post-test scores
can be taken together since the objective is to judge one test which
was administrated two times. The results indicate that test versions are
highly reliable even with only 11 question items (2 for declarative and 9
for procedural knowledge). And even although it seems that version B
is possibly easier, a Mann-Whitney test reveals no significant differences
between both mean scores of the pre-test (see table 4.2).

In conclusion, the reliability of the HollandSky test is sufficient. Fur-
thermore, the results indicate that the different test versions are com-
parable in terms of difficulty.

Alpha N
Version A (11 items) .80 27
Version B (11 items) .89 25

Table 4.1. Cronbach’s alpha, number of cases and number of question items for both
test versions.

In table 4.2 the mean and standard deviation of the HollandSky test
results (pre- and post-) and institutional course grade for both groups
of students are shown. Group AB received the A version of HollandSky
during the pre-test and subsequently the B version during the post-test,
and vice versa for the other group.

A Wilcoxon signed-ranks test was used in order to compare the scores
on pre- and post-test. This nonparametric test can be used when com-
paring paired scores when one cannot comply with the conditions for a
parametric test (e.g. at least thirty cases and normality of test scores
in terms of kurtosis and skewness of the distribution). Although the
scores on the pre- and post-test are distributed normally, because of
the rather low number of cases a nonparametric test is preferable. A
small increase in mean test scores exists, but no significant differences
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Pre-test Post-test
Mean SD N Mean SD N

Group AB 3.36 0.98 14 3.67 2.04 12
Group BA 3.47 1.19 13 4.02 1.86 13

Overall 3.41 1.07 27 3.84 1.92 25
Grade - - - 6.91 1.0 27

Table 4.2. Means and standard deviations of the pre- and post-test parallel versions
of the HollandSky test (groups AB and BA) and grade, all measured on a ten-point
scale (1-10).

are found between the pre- and post-test (z = -0.90, N - Ties = 25, p
= 0.18 one-tailed). The implication is that KM Quest does not seem to
enhance transfer.

Careful screening of the test results reveals however that much data
were missing. Respondents left many questions blank, specifically in the
post-test. In general, when more than 5 percent of the data is missing, a
missing data analysis should be performed. This can be done to check if
dropping the cases with missing values produces a bias in the resulting
data set. As for the pre-test, 27 respondents each answered 11 question
items resulting in 297 data points. In total, 12 items were left blank
resulting in 4% missing data. For the post-test, 25 respondents each
answered 11 items. This results in 275 data points of which 40 were
left blank. This is over 14% of missing data so further investigation is
needed. If these missing data had been randomly distributed, values
could have been filled in based on estimates. However, in this case it
turns out that the missing values are not randomly distributed as many
respondents left the last three items unanswered and some respondents
skipped the remaining test items after having completed only the first
few items. Missing data do not differ over test versions.

Possible reasons for the high percentage of missing data in the post-
test are that respondents are not fully motivated to give appropriate
answers to the question items because it is not part of the institutional
grade and the open test format takes a lot of time to fill in. Unfortu-
nately, the different test versions could not overcome these motivational
effects.

For the calculation of the initial results, as presented in table 4.2,
missing data were treated as wrong answers. Blank question items were
given zero points instead of deleting cases. This might be the reason
why the mean scores of the pre- and post-test do not differ from each
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other. It also explains the relatively high reliability of both test versions
with only a small number of items.

It was decided then to exclude all the cases with missing data from
the sample. As a result, teams are incomplete and two teams dropped
out entirely (namely team 84 and 87). Fourteen cases remain (pre-test:
mean = 3.80, SD = 0.75; post-test: mean = 4.84, SD = 1.70). Again
the Wilcoxon signed-ranks test was used to compare scores on pre- and
post-test. This time, a significant difference exists which indicates a
learning effect (z = -2.17, N - Ties = 14, p < 0.05, one-tailed). This
is evidence that transfer occurs. These participants are able to transfer
their knowledge and skills learned in KM Quest to a different case. For
the remainder of this chapter, the results of this subsample (N = 14) are
discussed, unless specifically stated otherwise.

An alternative measure for learning is the weighted game result. In
the starting situation in quarter 1, the weighted average of the organisa-
tional effectiveness indicators is 7. Each team enters the game under the
same start conditions. However, the system fires the events randomly
which means that each event has more or less the same chance to occur.
There is no indication that events differ in degree of difficulty. The aver-
age game result in quarter 7 of the subsample is 7.15 (SD = 0.67). This
is hardly better than the starting situation (see also table 4.3). However,
all teams stay well above the decay function of KM Quest. Figure 4.1,
however, shows that teams vary a great deal in their game results over
quarters. The team with the highest game score (79) finishes with a
game result of 7.99, the team with the lowest game score (80) finishes
with a game result of 6.09.

Q1 Q2 Q3 Q4 Q5 Q6 Q7
Mean 7.00 6.95 7.16 7.31 7.06 7.05 7.15
SD 0.00 0.28 0.43 0.52 0.71 0.82 0.67

Table 4.3. Means and standard deviations of game results of the teams for seven
quarters, measured on a ten-point scale (1-10)(N = 14).

The other alternative measure for learning in the field of KM is the
institutional course grade, which consisted of a combined measure for
writing essays, carrying out a case study supported by lectures, books
and articles. The grade did not include any knowledge and skills con-
cerning KM Quest; it was independent of the game. The average grade
of the subsample is 6.87 (SD = 1.05).
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Figure 4.1. Mean game results of the teams and decay function of KM Quest over 7
quarters.

One of the factors that could have had a significant influence on the
transfer scores is the time spent playing KM Quest, since this was not
kept constant over teams. This factor could then be a covariate, because
it confounds the learning results. A potential covariate is any variable
that is significantly correlated with the dependent variable. This rep-
resents a linear relationship between the covariate and the dependent
variable (Stevens, 2002). If such a relation exists, one could adjust the
dependent scores for the influence of the covariate. In this study post-
test scores of the subsample (N = 14) do not correlate significantly with
time spent playing KM Quest. Therefore, there is no indication that
time was of influence on the post-test results. Students spent an average
of 4.22 hours on playing KM Quest (SD = 1.38 hours; min = 2.06 hours;
max = 7.07 hours). No outliers (cases with values within the interquar-
tile range) or extreme scores (cases with values outside interquartile
range) are present in the data set.

Correlation coefficients between the learning measures (transfer test
and institutional course grade) were calculated for the subsample. The
analysis was two-tailed since no prior expectations were held concerning
the relations. No significant correlations exist. However, a major draw-
back is the rather low number of participants in this analysis (N = 14).
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In conclusion, the aim of the HollandSky test was to measure low-road
transfer. There is some evidence that students are capable of applying
knowledge and skills acquired in KM Quest to a somewhat different case.
The effect is, however, rather limited. It is based on a selected group of
participants that completed all the items of the test.

Post-test results do not significantly relate to course grades. It ap-
pears that the institutional course grade is based on different theories
of KM than KM Quest. A careful reviewing of the answers on the open
questions from the HollandSky test showed that students do not partic-
ularly use the principles of KM Quest but rather the principles taught
in the institutional KM course. This is in fact negative transfer. Thus,
there is reason to believe that the institutional KM course and KM Quest
interfered. In a subsequent study it is therefore better that students first
play KM Quest before starting with the institutional course.

4.3.3 Metacognition
4.3.3.1 Retrospective measure: MSLQ

Cronbach’s alpha for the scale metacognition is 0.69. This is an indi-
cation of moderate to sufficient reliability. On average, the subsample of
students scores 3.87 (SD = 0.57) on the scale metacognition. This shows
that students only marginally agree with using metacognitive skills in
KM Quest. No significant correlations exist between learning measures
and the self-reported use of metacognitive skills. A reason for this could
be the rather low number of cases in the subsample.

4.3.3.2 Development of the coding scheme

With regard to the selection of data on which protocol analysis was
performed, only those cases without missing data in the post-test were
taken into account (see page 68). Mean post-test scores of the teams
were calculated based upon the remaining team members. Members of
team 86 performed worst on the post-test (average score on the post-test
of the team member = 3.27, N = 3) and members of team 78 performed
best on the post-test (6.88, N = 2).

The objective of performing protocol analysis is to validate the cod-
ing scheme. According to the theoretical model, communication is an-
notated at the meta- and object-level. When applying the theoretical
model to the data in order to arrive at a coding scheme, two types of
deviations can occur. First, the protocols show categories of behaviour
not included in the theoretical model. Second, some of the proposed
categories in the theoretical model do not occur in the protocols (van
Someren et al., 1994). Three adaptations are proposed because these
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deviations did occur. Third, there can be doubt about which category is
applicable to a specific utterance. In order to make the coding scheme
exclusive, the categories were clearly described.

First, concerning both the object- and the meta-level, the protocols
show that not all communication is purely KM-related. The focus of in-
terest is either the tool, the group process or KM-related. Tool-related
communication involves communication about the graphical user inter-
phase, functionality and (possible) affordances of KM Quest, for in-
stance, “ik vlieg er de hele tijd uit” [The system throws me out all
the time] or “dit onderdeel werkt niet” [this feature does not work].
The focus on the group-process reflects the fact that it concerns a group
problem solving protocol unlike the process in individual think-aloud
protocols, for instance, “ja, ik ben het helemaal met Chantal eens” [Yes,
I totally agree with Chantal]. Any unit of analysis that reflects a group
aspect, such as a question to team members or a direct reference to team
members is considered a group-related utterance, even if the KM domain
is involved. KM-related communication is communication focused on the
domain of knowledge management without any group-aspect involved.
In conclusion, metacognitive behaviour should be coded for each focus.

Second, at the meta-level, the need for one new category emerges,
namely Generate strategy. This category includes utterances that focus
on indicating a solution direction at an abstract level. It is the logical
precursor of the category Predicting consequences which includes utter-
ances that involve predicting effects of possible (abstract) solutions. An
example of an utterance in this category is “Volgens mij kunnen we voor
dit specifieke probleem niets doen” [I think that we cannot do anything
for this specific problem].

Third, at the meta-level, several categories from the initial coding
scheme do not occur in the protocols: Reflecting on problem, Checking
results and Plausibility. Because of the limited scope of this analysis the
only valid conclusion drawn is that these categories possibly do not oc-
cur because not all communication is captured and not all available data
are taken into account. However, an alternative assumption considering
Checking results is that the actual checking if certain results were ac-
complished is cognitive in nature such as “het marktaandeel is gestegen
met 5 procent” [The market share has increased with 5 percent], the
intention to check, is metacognitive in nature, but this is hardly ever
verbalised. Therefore, this category is never used. And if it were to be
verbalised, it resembles more a Planning type of utterance. Therefore,
the two categories Reflecting on problem and Plausibility are retained in
the coding scheme. The category Checking results was discarded.
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Finally, the other categories present in the coding scheme at the meta-
level have not been modified. They are directly applicable to the data
in the protocols. In table 4.4 examples of utterances for each category
in the new coding scheme are given.

Category Example

GROUP “But what do you think of this?”
TOOL “It is described in the handbook

KM on the lower shelf”
KM “I think we have to increase know-

ledge retention in the marketing de-
partment”

Cognitive “We can try to deal with the pro-
duction process”

Reflect on problem “This problem has nothing to do
with KM”

Comprehension monitoring “I do not understand”
Generate strategy “I think we cannot do anything for

this specific problem”
Predicting consequences “This is the easiest path through

the KM model”
Planning “We will continue with the next

step”
Monitoring “But haven’t we done this al-

ready?”
Plausibility “This is not logical in view of the

previous”
Evaluating problem solving “Beyond the event we also have to

check how the company is doing in
general”

Table 4.4. Coding scheme with examples of utterances for each category.

In conclusion, the main purpose of performing protocol analysis was
to check whether the initial metacognitive skills as identified in the liter-
ature could be used to code the chat protocols. Since it concerns group
problem solving activities, it is of importance to include the group aspect
in the coding scheme. This is achieved by adding the GROUP focus next
to the TOOL and KM focus. Also it is shown that metacognitive activi-
ties indeed occur in communication protocols derived from collaborative
learning settings.
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4.3.4 ANALOG
Regarding the process data available in the log files, it turns out to be

far too time-consuming to analyse the log files by hand. Also analysis
with existing analysis software such as SPSS is difficult because of the ex-
tensiveness and format of the data. Therefore, a tool was developed that
supports the analysis of behaviour in the game. This tool is called ANA-
LOG3(Christoph, Anjewierden, Sandberg & Wielinga, 2003). ANALOG
stands for ANAlysis of LOG files. Its aim is twofold: first it provides a
means to perform data analysis based on the log files generated by KM
Quest without losing information; second it supports protocol analysis.

The development of ANALOG occurred simultaneously with the pro-
cess data analyses that were conducted manually in this study. Several
requirements led the tool development. One requirement is that player
behaviour can be replayed both at an individual and at a team level.
Furthermore, the route through the game and interactions with team
members should be visualized in a simple way, such that interpretation
is quite straightforward. As for coding the protocols, one requirement
involves support for coding particular segments of communication. A
statistics module is required that enables export of data to Excel or
SPSS, supporting quantitative data analysis at various levels of detail
and of various selections of teams, players and quarters.

The main graphical user interface consists of several tabs that enable
browsing and coding of data, and that provide statistical and transitional
information (see figure 4.2).

Browsing The browse functionality is the most important functionality
to view data and to replay sessions. First, one is able to select and
filter the desired data. Selections involve choosing relevant teams,
players and quarters. The filter option provides the inclusion or ex-
clusion of specific types of activities (e.g. Opening a page, Editing a
page, Chat entries). Activities of players are visually represented in
a sequential manner and in terms of a simplified user interface of KM
Quest (see the center part in figure 4.2). The sequential view enables
‘walking through’ sessions of team members. A session consists of a
sequence of activities of one player starting from logging in to KM
Quest to logging out. Colours are used to distinguish different types
of locations, for instance, all steps that belong to the FOCUS phase
are blue. A location hierarchy is available (see figure 4.3) in order
to view all possible locations and their organisation. In the sequen-

3ANALOG was implemented by A. Anjewierden, Human Computer Studies laboratory, Uni-
versity of Amsterdam, The Netherlands
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Figure 4.2. Screen shot of ANALOG.
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tial view, symbols are used that reflect different types of activities
and also the absolute duration of an activity is indicated in seconds.
While ‘walking through’ a session, the behaviour of the team mem-
ber is visualized in the simplified user interface (UI) of KM Quest.
It represents over 25 conceptual groups of locations that players can
visit in KM Quest. The same colour codings are used to distinguish
different elements of KM Quest.

Figure 4.3. Screen shot of the location hierarchy in ANALOG.

The default browsing functionality depicts the perspective of the ses-
sion of one player at a time. The team overview functionality enables
replaying from a team perspective in which the simplified UI of KM
Quest is given for all team members instead of only for one player.
When replaying team sessions, the behaviour of team members is
visualized in all three simplified user interfaces of the game.

Coding The coding view enables the coding of chat data (see fig-
ure 4.4). User-made coding schemes can be incorporated in the tool.
Single utterances, segments of utterances and multiple utterances can
be coded. Additionally, the mock-up view on the left side gives ad-
ditional support for interpreting utterances of team members.
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Figure 4.4. Screen shot of the Coding tab of ANALOG.
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Statistics The statistics tab gives information concerning the frequency
and duration of activities (see figure 4.5). This information is either
shown at the level of location (actual ID number of pages), the con-
ceptual groups (steps in the KM, specific resources) or phases (KM
model).

Transitions The transitional tab in ANALOG permits the viewing of
sequencing of activities and communication (see figure 4.6). The
number of times a player has gone from location A to location B is
shown. An additional function permits the calculation and visualiza-
tion of the route of teams through KM Quest.

Visualization The graph tab in ANALOG enables visualization of
learner behaviour (see figure 4.7). Player sessions (all activities of a
player from logging into the environment till logging out in one quar-
ter) are visualized in a bar-like representation in which the colours of
the bars represent the different elements of KM Quest. The visual-
izations of different sessions can be compared to each other either in
absolute or relative time.

4.3.5 Process data analysis
The main aim of focusing on process data is to gain insight into the

learning processes of students playing KM Quest. One way of doing so
is to focus on where time is spent in KM Quest. Of the best (team
78) and worst (team 86) performing team from the subsample on the
HollandSky test, the total time spent on several elements of KM Quest
was calculated. For this analysis, the log file data for all team members
teams was taken into account instead of leaving out those cases with
missing data. The team members of team 78 spend together over 18
hours and 22 minutes, team members of team 86 spend approximately
14 hours and 22 minutes altogether.

Figure 4.8 gives an overview of what teams have done with their time.
It depicts the total time spent in hours of all three team members on
specific elements of KM Quest. This limited comparison between both
teams shows that the better team spends relatively less time on the
resources (all the handbooks) but more time on all phases of the KM
model, than the worst team. Both teams spend relatively a high propor-
tion of time on the FOCUS phase. This is some indication that it is the
KM model that enables transfer. This explorative hypothesis is further
investigated in subsequent chapters. In chapter 6 a comparison is made
between students working with and students working without the KM
model.
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Figure 4.5. Screen shot of the statistics tab for groups of ANALOG.
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Figure 4.6. Screen shot of the transitions tab of ANALOG.
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Figure 4.7. Screen shot of the graph tab of ANALOG.
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Figure 4.8. Total time spent for the best (78) and worst (86) performing team for
the use of the resources and the four phases of the KM model.

4.4 Conclusions
To recapitulate, the pilot study was set up in order to explore mean-

ingful learning and the use of metacognitive skills in KM Quest. An
additional aim was to create and evaluate a coding scheme for mea-
suring metacognitive skills in communication protocols and to develop
a tool that supports process data analysis. Several conclusions can be
drawn.

The results of the HollandSky test indicate that the first hypothesis,
that proposes that KM Quest supports meaningful learning, can be ac-
cepted. There is some evidence that students are capable of low-road
transfer of knowledge. This evidence however, is not very strong since
the test format and the set-up of the study suffer from several inadequa-
cies. It appears that the open-question format results in missing data
especially in the post-test. Additionally, it appears that students tend
to answer the items of the HollandSky test based on theories taught
during the institutional course which preceded playing KM Quest. A
general issue that might explain the weak transfer results is the fact
that essential elements of the learning environment were not functional
as students were using a prototype of KM Quest. For example, visu-
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alizations of the status of knowledge and business indicators over time
were lacking which makes it quite hard for students to interpret various
indicators over time.

Because of all this, post-test scores are probably lower than they could
have been, masking a possible learning effect in the total sample of
students. In subsequent studies, these inadequacies should be overcome
by using a multiple-choice format for question items, by increasing the
number of question items, by playing KM Quest at the beginning of
the institutional course before course activities begin, and by making
the results on pre- and post-test part of the institutional course grade.
Also, the aim is to have students play the fully functional version of KM
Quest. Finally, transfer of knowledge is a sign that meaningful learning
occurs. Meaningful learning requires the acquisition of declarative and
procedural knowledge. The learning goals of KM Quest (see chapter 3)
are specifically focused on the acquisition of these types of knowledge.
For future studies, a test has to be developed that is closely linked to
learning goals explicitly stated for the game.

The second hypothesis states that metacognitive behaviour occurs
in communication protocols originating from collaborative learning set-
tings. The development of the coding scheme shows that next to cog-
nitive utterances, a variety of metacognitive utterances exists in the
protocols. Thus the hypothesis can be accepted. However, the coding
scheme is based on a limited selection of the data. And, not all commu-
nication between participants was captured. In a subsequent study, the
coding scheme should be used to its full extent, in a situation in which
only computer-mediated-communication occurs while playing the game.

During this pilot study one of the major developments concerned
ANALOG. The ideas for developing this tool have occurred simultane-
ously with data analysis. This analysis tool has provided the opportunity
to efficiently inspect log file data.

Finally, an explorative hypothesis was proposed that concerns the as-
sumption that transfer is triggered by the use of the KM Model in KM
Quest. In chapter 6 this hypothesis is further investigated.

In conclusion, this pilot study has presented the opportunity to develop
instruments and tools that measure learning and the use of metacognitive
skills in a constructivist learning environment such as KM Quest.





Chapter 5

STUDY II: LEARNING REVISITED

This chapter1 covers the results of the second study. The main aim of

the study is to establish baseline measurements concerning learning suc-

cess of students who work with the fully functional learning environment

KM Quest. Thirty-one students participated in the study. They were in

their fourth year of the study Information Services and Management in

Maastricht. This group was comparable to the sample in study I with re-

spect to important variables. In a pre-test post-test design the acquisition

of declarative and procedural knowledge was measured. Also a measure

of the self-reported use of metacognitive skills was employed. The results

indicate that students acquire both declarative and procedural knowledge

to the same extent. No relation with the a priori reported use of meta-

cognitive skills exists. The main conclusion of this study is that students

acquire knowledge from playing KM Quest.

5.1 Introduction
In this chapter the results of the second experiment in Maastricht are

reported. The main aim of this study is to measure learning effects for
students playing KM Quest.

The results of the pilot study indicate that this particular construc-
tivist gaming-simulation environment promotes transfer. However, the
results are based on a rather small sample of participants. The ques-
tion remains: to what extent are students who play KM Quest capable

1This chapter was published in the form of a conference paper: L.H. Christoph, J.A.C.
Sandberg and B.J. Wielinga (2004). Measuring learning effects of a gaming-simulation en-
vironment for the domain of Knowledge Management. Proceedings of IADIS Cognition and
Exploratory Learning in Digital Age (CELDA). Lisbon, Portugal, pages 265–272.
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of meaningful learning which can serve as a condition for transfer to
occur? In this study a test is developed that measures meaningful learn-
ing. The design of this test is based on the conclusions of the pilot
study. A large number of multiple-choice questions are developed. The
results of this test are part of the institutional course grade. The fully
functional version of KM Quest is played before the institutional course
starts, in order to prevent interference from KM theories taught in the
institutional course.

The learning goals of KM Quest on the one hand call for the acquisi-
tion of declarative knowledge (see page 53). For example, students are
required to learn the definitions of the various knowledge processes and
indicators by heart. Moreover, they should be able to apply these con-
cepts in KM Quest. With respect to the theoretical model (see chapter
2, page 32), declarative knowledge belongs to the object-level.

On the other hand, learning goals also call for the acquisition of proce-
dural knowledge. For instance, based upon a particular event, students
should be able to identify which knowledge process is at stake or what
the relation is between a particular knowledge process and type of inter-
vention. Procedural knowledge belongs both to the object- and the task-
level of the theoretical model; it concerns respectively task knowledge
and control sequences (see page 164). Students have to understand the
concepts and relations between them in order to use them in the context
of KM Quest. In that respect, the learning goals of KM Quest require
that meaningful learning takes place.

In order to explore the use of metacognitive skills again, part of the
MSLQ is administered. This time it is used prospectively: students are
asked to report how they use metacognitive skills in general. In terms
of the theoretical model, the self-reported use of metacognitive skills
belongs to the meta-level.

The main hypothesis for the current study is that KM Quest promotes
meaningful learning in the sense that students acquire declarative and
procedural knowledge as a result of playing KM Quest.

5.2 Method
5.2.1 Participants

The participants in this study were 31 students from the Polytechnic
Maastricht, 13 female and 18 male. The average age of the students was
22 years (SD = 1,8). They formed 11 teams, of which 9 teams had three
members and two teams had two members. The students were enrolled
in the study Information Management and Services. They were in their
fourth year of their study. The group was in all respects comparable to
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the group in the pilot study. All students were novices in the domain of
Knowledge Management, they had never followed courses before on the
subject. The students had a lot of experience in using e-mail and chat,
some experience with shared writing and little experience with electronic
voting systems. None of the students had ever worked with KM Quest
before.

5.2.2 KM Quest
The fully functional version of KM Quest was used during this study.

Details of the environment are described in chapter 3.

5.2.3 Instruments
5.2.3.1 Game results

Similar to the pilot study in the previous chapter, game results are
presented in terms of the weighted average of the Organisational Effec-
tiveness Indicators (OEI) in the 7th quarter of the game. This measure
is an indication of how well students have managed the knowledge house-
hold of Coltec.

In the pilot study it turned out that the OEI scores gave only limited
insight into how well one has played the game. Therefore, an additional
measure for game results was developed. This concerns the percent-
age of correct interventions implemented by the teams. This measure
reflects how appropriate the (set of) interventions are for solving the
problem as stated in the event description. For each event that is fired
by the system, teams are requested to shortlist and implement (a num-
ber of) interventions. Two types of correct interventions are possible,
a list of technically correct interventions and a list of conceptually cor-
rect interventions. First, the view on technically correct interventions is
discussed.

Events are either internal or external. Internal events have a direct
negative effect on knowledge process-related indicators in the Business
Model (BM) in KM Quest (see also chapter 3). The effect propagates
through all layers of the BM to the Organisational Effectiveness Indica-
tors. The knowledge household of Coltec worsens because of the effects
of an event on the BM. Interventions have a direct positive effect on
knowledge process-related indicators in the BM. Technically correct in-
terventions are those interventions that counteract the negative effect
of these internal events on knowledge process-related indicators. There
are other types of events in Coltec that do not have a direct effect on
knowledge process-related indicators. These are external, non-KM, and
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opportunity events (instead of threats), or events that have a direct effect
on the market share of Coltec. These were not taken into account in the
technical perspective because interventions do not directly counteract
their effects.

For the conceptually correct interventions, the game developers (ex-
perts in KM) created a list that at a conceptual level prescribed which
interventions belong to which events. Again, for non-KM events, no
interventions were prescribed. For opportunity events, only a recom-
mendation of interventions was given.

Unfortunately, the two lists do not overlap a great deal. For specific
events less than 10% of the interventions are the same.

5.2.3.2 Learning results
The test that measures meaningful knowledge is called KMQUEST-

ions. KMQUESTions is an electronic test tool that consists of a number
of multiple-choice items. The items were explicitly based on the learning
goals for the acquisition of declarative and procedural knowledge formu-
lated for KM Quest. KMQUESTions consists of two parts, analogous
to the two types of knowledge required. For each learning goal an even
number of items was developed. The even number of items served the
purpose of creating two parallel versions of the test in order to prevent
test-retest effects. The number of items belonging to a particular learn-
ing goal varied. A correctly answered item resulted in a score of 1. Items
that were not correctly answered received a score of 0. For each learning
goal a score is calculated weighted by the number of items that belong
to that learning goal. The final score on the test reflects the average
score on the learning goals. Each learning goal was assigned the same
weight. In total, 102 items were developed, the parallel versions each
containing 51 items. All items had to be answered in the context of
KM Quest. The final score (proportion of correctly answered items) on
the post-test of KMQUESTions was the grade students received for this
part of the institutional course on KM. In figure 5.1 an example of an
item of KMQUESTions is given.

5.2.3.3 Metacognition
The scale metacognition of the MSLQ was used in order to measure

the self-reported use of metacognitive skills of students. Question items
were administered to students prior to task performance, in order to
investigate how students use these skills in general. This represents a
trait measure instead of the state measure as was used in the pilot study
in chapter 4. A trait is a personal disposition that is relatively stable over
time. A state is a relatively unstable characteristic that is transitory over
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Figure 5.1. Example of a question for procedural knowledge in KMQUESTions.
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different occasions or settings. Research points out that this is indeed
the case for self-regulatory skills (Hong, 1998; Hong & O’Neil, 2001).
This is why in this study, the use of metacognitive skills in general is
measured. The original questions of the MSLQ were rephrased in such
a way that they were generally applicable to any course. The procedure
for calculating the scores was equivalent to the one used in the previous
study in chapter 4.

5.2.3.4 Process measures
Process characteristics of student learning were investigated by using

the tool ANALOG. With ANALOG the frequency and duration of use
of all relevant elements in the learning environment can be investigated.
In this study, results are analysed and presented with respect to the
average time students spend in the following groups of elements:

Features: Office, Chat, Newspaper, Advisor, Help, Visualizations, His-
tory, Feedback, What to do, and How to do.

Resources: KM dictionary, KM handbook, Visualization handbook, In-
tervention handbook, Indicator handbook and Coltec info.

KM model : FOCUS, ORGANISE, IMPLEMENT, MONITOR and the
steps in these phases.

5.2.4 Procedure
This study took place before the start of the institutional course on

Knowledge Management. In total the students participated in four ple-
nary sessions that were evenly spread over four weeks. Additionally,
students also played the game at a distance, for instance, from home.
The first session included an introductory lecture (1 hour) about KM
Quest and a subsequent training session (2 hours) during which students
acquired hands-on experience with the learning environment. Part of
the training session involved completing the scale metacognition of the
MSLQ. Then during one week students individually studied the intro-
duction material and training information of the game. The second
session concerned taking the pre-test of KMQUESTions and the start of
the game (2 hours). Parallel versions of KMQUESTions were distributed
randomly to students. Students were distributed randomly over teams
before they entered the playing phase of the game. By the end of week
two the teams needed to reach at least quarter four in the game. They
could play the game at their own pace and at their preferred location.
During the third session (2 hours, third week), students continued play-
ing the game at their own pace. Quarter 7 had to be reached at the
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end of the week. At the end of the third week students completed the
post-test of KMQUESTions (1 hour). Students who received version
A during the pre-test were given version B and vice versa. The fourth
session (1 hour) concerned a debriefing lecture in which results of the
students were announced and an informal evaluation took place. Since
learning results now were part of the institutional course grade, unlike
in the pilot study, no additional prize contest was organised.

5.2.5 Analysis procedures
First, in order to investigate learning outcomes, a paired t-test was

used in order to compare pre- and post-test measurements for both
declarative and procedural knowledge. The hypothesis is that students
learn from KM Quest. One of the major factors known to influence
learning results is time spent on the task. As the time students spend
playing KM Quest varies, an analysis of variance with repeated measures
with time-on-task as covariate was performed as well.

5.3 Results
5.3.1 Game results

Game results were measured at team-level, whereas post-test scores
were measured at an individual-level. Student teams reach an average
game score of 7.36 (SD = 0.56), this is slightly better than the average
game result in the initial situation (namely 7.00). The best team reaches
a value of 8.20, the worst performing team a value of 6.30. Considering
the default situation, the best team performs far better than the initial
situation, whereas the worst team ends below the starting conditions.

Regarding the percentage of correct interventions, in total the teams
have played 66 events (11 teams each play six quarters). Of those events,
12 are non-KM events, and 21 are opportunity events, for which no list
of correct interventions was given (either technical or conceptual), and
11 events are influencing the market share of Coltec. Thus for the re-
maining 22 events, a technical percentage of correct interventions could
be calculated, as the ‘correctness’ was prescribed by the Business Model.
For example, for a particular event 12 interventions counterbalanced the
negative influences of the event on the BM. A team chose 5 interventions
in total. Three of those interventions were technically correct. Then for
this event the team scored 3 out of 12 correct, which is 25%. For all
teams, only 8.8% of the interventions is correct (average) in the techni-
cal view. For the same 22 events, the average percentage of conceptually
correct interventions is 20.2%. For all events that could be judged on
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conceptual correctness (54) the outcome is 22% correct. A reason why
no large overlap exists in both views of correct interventions lies in the
fact that some conceptually correct interventions did not influence the
BM in a technical sense.

In order to compare the two types of scores of correctness, correla-
tion coefficients between game result and percentage of technically and
conceptually correct interventions were calculated. No significant corre-
lation coefficients exist. All in all, students do not appear to choose many
correct interventions for particular events. There is no relation between
the correctness of interventions and the final game result. This suggests
that without choosing correct interventions, one can still achieve good
game results.

These outcomes are rather surprising. The question emerges of whether
one can speak of ‘correct’ interventions at all in KM Quest. Therefore,
for six random events in a row (similar to the way the game was set
up in the experiment), each time four randomly chosen interventions
were fired. In the BM some event-intervention combinations are not
allowed. Events and interventions were chosen from the total pool of
possible events and possible interventions. Mean costs of the interven-
tions were 66.786 dollars per intervention and since the available budget
was three million dollar, four interventions per event could be chosen
in order to stay within the budget. This was performed 11 times, rep-
resenting the 11 teams. Random number tables were used to choose
events and interventions. The tool KMsim (de Hoog et al., 2002; An-
jewierden et al., 2002) was used to simulate the behaviour of the BM.
This tool enabled development, visualization, tuning and simulation of
the BM in KM Quest. Surprisingly, the random selection of events and
interventions results in an average OEI score of 7.43 (SD = 0.45). The
difference between the randomly generated game results and the game
results generated by the players is not significant.

In conclusion, even if teams choose their interventions randomly, the
status of Coltec would improve anyway. In fact, random selection and
conscious selection appear to generate a comparable status of Coltec.
This can be interpreted in a number of ways. Perhaps each intervention
positively affects the BM and thus choosing any intervention increases
the status of Coltec. Or, this sample of possible event-intervention com-
binations is too small in order to draw valid conclusions. This is further
investigated in chapter 6.

5.3.2 Learning effects
Cronbach’s alpha is used in order to judge the reliability of KMQUEST-

ions. As it concerns dichotomously scored items (0 = incorrect answer;
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1 = correct answer), the alpha is equivalent to the Kuder-Richardson
20 (KR20). Because initially the reliability coefficients were rather low,
several items were deleted. The deleted items were distributed randomly
over the learning goals. After deletion version A of KMQUESTions con-
tains 27 items for declarative knowledge (was 29) and 22 items for pro-
cedural knowledge (was 22). Version B of KMQUESTions then contains
27 items for declarative knowledge (was 29) and 20 items for procedural
knowledge (was 22). In table 6.6 the results are shown. The reliability
of both versions is moderate to sufficient2.

Version A KR20 N
Declarative .76 16
Procedural .64 16
Version B KR20 N
Declarative .70 15
Procedural .56 15

Table 5.1. KR20 coefficients for the items of the subsets declarative and procedural
knowledge in both versions of KMQUESTions after deletion of items.

Pre-test Post-test
Mean SD N Mean SD N

Group AB Declarative .45 .15 16 .63 .14 16
Group AB Procedural .47 .15 16 .71 .15 16
Group BA Declarative .43 .18 15 .54 .14 15
Group BA Procedural .48 .12 15 .57 .11 15
Declarative total sample .44 .16 31 .58 .14 31
Procedural total sample .46 .14 31 .64 .14 31

Table 5.2. Mean and standard deviation of the pre- and post-test parallel versions
of KMQUESTions, measured in proportion of correct answers.

2Although the generally accepted value of 0.8 is appropriate for cognitive tests, the value
of 0.7 can be used for ability tests. However, when the construct being measured is ‘vague’
or ill-defined (such as KM), even lower coefficients can be expected (Kline, 1993) A rule of
thumb is that in general when coefficients are higher than 0.5 the ability measured dominates
the measurement error or noise in the data.
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The score on KMQUESTions indicates the proportion of correct an-
swers. Although the questions in KMQUESTions concern multiple-
choice items with four alternatives, no correction for guessing is applied.
In general, in the educational literature it is common sense to use the
percentage or proportion of correctly answered items as the score. Only
in order to decide on the cutoff between students who pass and do not
pass the test, the correction for guessing is recommended. In table 5.2
the means and standard deviations of the scores on KMQUESTions pre-
and post-test for group AB and BA and overall are presented.

In order to check whether both versions are equally difficult, the pre-
test scores of both groups are compared. No significant differences exist
concerning pre-test scores of both types of knowledge for the different
test versions. However, group BA achieves significantly lower post-test
scores than group AB concerning procedural knowledge (T = 2.91, p <
0.01). Both groups do not differ concerning declarative knowledge (T =
1.80, p = 0.08). This means that differences between both groups are
due to the ability of the participants, meaning that group BA is weaker
than group AB.

A paired samples t-test was used in order to compare the sample
means on pre- and post-test. This parametric test is used when test
scores are distributed normally or when the total number of cases (per
condition) is 30 or more. A large increase in overall test scores exists
from pre- to post-test, which is significant (T = -13.57, p < 0.01). The
differences between the pre- and post-test measurement for declarative
knowledge are significant (T = -5.04, p < 0.01) as well as for procedural
knowledge (T = -5.77, p < 0.01). The hypothesis that students learn
from playing KM Quest can be accepted. No differences exist between
declarative and procedural knowledge in the pre-test, nor between these
parts in the post-test. This means that students acquire both declarative
and procedural knowledge to the same extent.

In the previous chapter it was shown that no significant correlations
between game results and transfer could be established. This was pos-
sibly due to the rather low number of participants in the subsample. In
this study, the relation between game results and meaningful learning
is checked. No significant correlations exists between post-test measure-
ments of declarative and procedural knowledge and game results.

Students differ in the time they spend playing KM Quest. Figure 5.2
shows a box plot of the results. The upper and lower side of the rect-
angle represent the first and third quartile (or respectively the 25th and
75th percentile). Together they represent the interquartile range or box
length. Fifty percent of the data falls within the interquartile range.
The whiskers above and below the rectangle represent respectively the
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highest and lowest score within 1.5 interquartile range. The black line
indicates the median. Two outliers (score within 1.5 to 3 box length)
and one extreme case (score further away than 3 times the box length
or interquartile range) concerning time spent playing KM Quest existed.
These were deleted from the data. The descriptive statistics of time-on-
task without these three cases are given in table 5.3.

Figure 5.2. Box plot of time-on-task in hours for all cases.

Mean SD min max N
Time-on-task 05:08:24 02:19:12 01:48:36 12:12:00 28

Table 5.3. Descriptive statistics for time-on-task measured in hours, minutes and
seconds without outliers and extreme cases over individuals.

One assumption is that time-on-task is positively related to learning
success. This is the case as post-test scores on declarative knowledge
are significantly positively related to time-on-task (r = 0.54, p < 0.01,
N = 28 ) and so is procedural knowledge (r = 0.46, p < 0.05, N =
28). Time-on-task explains between 21% and 29% of the variance of
the post-test scores. In order to explore this further, a within-subjects
analysis of variance with time-on-task as covariate was carried out. This
analysis can be used when repeated measures of participants have been
collected (within-subject variables). Since no between-subject variables
were included, no independent groups were distinguished. A covariate
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is a variable that influences the dependent variable(s), for which the
analysis should be controlled.

Concerning declarative knowledge, an interaction effect is found with
time-on-task (F = 7.68, p < 0.01). Furthermore, the test result shows a
main effect of learning (F = 5.73, p < 0.05), which indicates that students
acquired declarative knowledge from pre- to post-test. This result is
similar to the results of the t-test. Concerning procedural knowledge,
an interaction exists between the acquisition of procedural knowledge
and time-on-task (F = 7.16, p < 0.05). Also a main effect exists for the
acquisition of procedural knowledge (F = 5.88, p < 0.05). These results
indicate that the overall time one spends playing KM Quest significantly
influences the acquisition of both declarative and procedural knowledge
from pre- to post-test. Students who spend more time on task, learn
significantly more than students who spend less time. This implies that
for future empirical studies, time-on-task should be taken into account.
As for relations between game results and learning results, corrected for
time on task, no significant correlations exist.

5.3.3 Metacognition
The internal consistency of the scale metacognition of the MSLQ was

calculated by means of Cronbach’s alpha. Alpha is 0.62. This indicates
a moderate reliability. Students self-report to slightly agree using meta-
cognitive skills in general (Mean = 3.92, SD = 0.48, N = 29, measured
on a six-point scale)

A partial correlation analysis was carried out in order to investigate
the relation between learning and the self-reported use of metacognitive
skills, corrected for pre-test scores. None of the relations between post-
test measures of learning and self-reported use of metacognitive skills is
significant.

5.3.4 Process measures
An overview of the average time that a team spends on various ele-

ments of KM Quest is presented in figure 5.3. On page 90 the grouping
of the elements is given. Figure 5.2 shows that 1 extreme case and two
outliers exist. These cases are excluded from the data set. Two of these
cases are member of team 82 (that only consisted of two members).
Therefore this team is discarded from the analysis.

The difference between this figure and table 5.3 is that the table gives
an indication of average time per individual whereas the figure gives an
indication of average time per team. Figure 5.3 shows that the teams
vary quite a lot in the average amount of hours they spend playing KM
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Figure 5.3. Average time (hours) spent on using the various elements of KM Quest
per team.

Quest. Resources are not used extensively. These include the handbooks
incorporated in KM Quest. Quite some time is spent on the features of
KM Quest. These include amongst others using the chat facility to
communicate, the visualizations, the history books and the feedback on
events. All teams spend a lot of time in the KM model. This takes up
at least half of their playing time. This suggests that the KM model is
at least partly responsible for the learning that takes place.

An exploratory partial correlation analysis is performed in order to
find out if a relation exists between post-test scores of learning (con-
trolled for pre-test scores) and the time spend in the KM model. Post-
test scores for both types of knowledge do not correlate significantly
with time spend using the KM model. This exploratory analysis does
not show any relation between the amount of time spent in the KM
model versus knowledge acquisition. This hypothesis could however be
investigated more thoroughly by contrasting a no-model environment
with a model environment. This is also suggested by the theoretical
model on page 32. In the next chapter this is taken into account in the
design of the final experiment.



98

5.4 Discussion
The hypothesis formulated for this study is that students acquire both

declarative and procedural knowledge from playing KM Quest. The
results indicate that this hypothesis can be accepted. The results also
show that they acquire both types of knowledge to the same extent.
Thus, students show that they are capable of meaningful learning in
a constructivist learning environment. This is contrary to what the
results of other empirical research on games and simulation indicated as
discussed in chapter 1.

One possible explanation for the positive learning effect is the fact
that students are provided with a task model for solving KM problems.
The KM model is a compiled model for solving Knowledge Management
problems that is decomposed into subtasks and activities. One effect of
the task model in KM Quest could possibly be that it requires the ap-
plication of declarative knowledge that is available at the object-level in
the activities. This supports learning. Procedural knowledge concerns
knowledge about how to use the KM model. Evidently, using the model
leads to an increase in procedural knowledge. The exploratory analysis
does not corroborate these explanations in terms of a firm relationship
between knowledge acquisition and the amount of time spent using the
KM model. But a more systematic comparison of learner behaviour in
a no-model environment with such behaviour in a model environment
should give more insight into the effects of a task model. In chapter 6
the effect of the task model is investigated more thoroughly.

The exploratory analyses with respect to metacognition as measured
by the MSLQ and learning outcomes do not show any relations. Appar-
ently, self-reported metacognitive skills are not related to achieving good
learning results. There are however a number of possible interpretations
of this result.

First of all, there is the trait versus state distinction in metacognition
(Hong, 1998). This distinction resembles the domain generality versus
domain specificity dimension as discussed by several researchers (Schraw,
1998; Sternberg, 1998; Veenman et al., 1998). Metacognitive skills in
terms of a trait can be seen as a disposition to react or behave in a
specific, predictable manner that is stable across situations. Domain
general metacognitive skills represent the fact that the pattern of using
metacognitive skills in different domains is comparable. In the current
study, metacognitive skills are measured in a domain-independent way,
in terms of a trait measure.

There is a debate on how expertise develops, especially on the devel-
opment of metacognitive skills (see chapter 2). On the one hand, Veen-
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man (1997) and Prins (2002) argue that metacognitive skills of novices
in a particular domain are general in nature. Only when they become
experts do the domain-independent metacognitive skills become domain-
specific task schemas. This line of argument would be corroborated by
a significant relation between the general use of metacognitive skills and
knowledge acquisition. This is however not the case in this study.

Thus perhaps the opposite is true. Schraw (1998) argues that meta-
cognitive knowledge and skills are domain- or task-specific initially. When
students cover more domains and develop more expertise, they may gen-
eralise their metacognitive knowledge and skills across domains. Possi-
bly, a state measure of metacognition that is specific for a domain, is a
better predictor of learning results, especially when it concerns novice
learners in a particular domain. This could however not be established in
the pilot study. However, the results of this study are based on a rather
small subsample. The following study will include both a prospective
and a retrospective measurement of metacognition in order to investigate
the relation between different measures of metacognition and knowledge
acquisition.

Second, there is a methodological explanation for why no relation be-
tween the use of metacognitive skills and learning success is found. As is
argued in chapter 6, the best way of measuring what metacognitive skills
people use when learning to solve problems is to observe behaviour. Since
this is however a rather time consuming activity, the preference exists
for using prospective or retrospective questionnaires. The problem with
these questionnaires is that they are self-report measures. What people
report they are doing does not necessarily coincide with their actual be-
haviour. Therefore in the following study a concurrent measure will be
employed in the form of protocol analysis. The coding scheme that is
developed in the pilot study will be used to score the chat protocols.

Third, the KM model in KM Quest is presented as a model belonging
to the task-level. While using this model, students possibly no longer
need to revert to metacognitive skills in order to learn to solve KM
problems, instead they have the opportunity to use the KM model (see
chapter 2). This could explain why no relation is found between the
self-reported use of metacognitive skills and learning success. This calls
again for contrasting a no-model version of KM Quest with the standard
environment in which the KM model is present.

Additionally, regarding game results, this study shows that apparently it
makes no difference for the overall status of Coltec whether one chooses
interventions randomly or consciously. This is not optimal feedback for
players. Interventions suited for a particular event should lead to opti-
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mal company results. In the following study this issue will be taken up
and investigated on a larger scale.

In conclusion, the following study should investigate the effects of the
KM model with respect to learning and metacognition. In this study
two conditions are contrasted, a no-model versus a model condition. In
addition to measures of learning, metacognition is measured. This is
done in three ways. The coding scheme developed in the pilot study is
put into use in order to obtain a direct behavioural measure. Next, the
scale metacognition of the MSLQ is used both pro- and retrospectively.
The main prediction is that students in the model condition would out-
perform their peers in the no-model condition with regard to learning.



Chapter 6

STUDY III; ADDED VALUE OF THE TASK
MODEL

The main research question in this third and last empirical study 1

concerns the added value of the task model in KM Quest. The main as-

sumption is that because of the KM model, students are more capable

of acquiring knowledge about KM and that they need to use their meta-

cognitive skills to a lesser extent since the task model has partly taken

over regulation of learning in a new domain. This is investigated by using

two conditions: a no-model versus a model condition. KMQUESTions

was used again for measuring meaningful learning. Additionally a new

test was developed in order to measure transfer. Three measurements

of metacognition were taken. The use of metacognitive skills was mea-

sured prior to and after having played KM Quest in terms of a self-report

measure. These measurements are comparable to the previous two stud-

ies. Additionally, metacognition was measured concurrently by using the

communication protocols of the team members on which protocol analy-

sis was then performed. The results of 46 students (23 in each condition)

were investigated. Students in the model condition only acquire more KM

model-specific procedural knowledge than students in the no-model con-

dition. On other measures of knowledge and transfer the average scores

do not differ. Some evidence is presented that suggests that the inclusion

of a task model changes the nature of the regulation. The task model may

require process regulation whereas without a task model students may be

1This chapter was published in the form of a conference paper: L.H. Christoph, J.A.C.
Sandberg and B.J. Wielinga (2005) Added value of task models and use of metacognitive
skills on learning. 12th International Conference on Artificial Intelligence in Education
(AIED 2005), pages 774-776.
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more inclined to regulate domain activities. In conclusion, the effect of a

task model on learning is limited.

6.1 Introduction
In study I (Pilot study) learning results were measured in the form

of a transfer test. It was tested whether students could apply their
knowledge and skills learned in the Coltec case to the HollandSky case,
which represented a different type of company. The results showed that
for a subsample, transfer of knowledge occurred. In that first study no
relation was found between the ability to transfer knowledge and the
self-reported use of metacognitive skills measured retrospectively.

After reconsideration, in study II (Learning revisited) a more direct
test for knowledge acquisition was developed. It appeared that students
indeed acquired declarative and procedural knowledge because of play-
ing KM Quest. The amount of knowledge acquired was related to the
amount of time spent playing KM Quest. These results are somewhat
contradictory to research previously conducted on games and simula-
tions as was referred to in the introduction of this thesis. In several
studies it was found that learning from such environments is at least
problematic. The hypothesis that the learning success in the previous
study was (at least partly) due to the use of metacognitive skills however,
could not be supported. The self-reported use of metacognitive skills,
before task completion, was not related to learning success as measured
in the post-test.

The aim of the current study is to investigate the added value of the
KM model in KM Quest. KMQUESTions will be used again in order to
measure the acquisition of declarative and procedural knowledge. The
transfer test used in study I will be transformed into an electronic test
with multiple choice questions, similar to the format of KMQUESTions.

6.1.1 Knowledge acquisition and transfer
It is generally assumed that constructivist learning environments, such

as KM Quest, support meaningful learning and the ability to transfer
knowledge to another context. KM Quest requires students to actively
construct knowledge from the information available in the learning envi-
ronment. They have realistic case material at their disposal, containing
real-life problems. The knowledge students acquire is therefore poten-
tially meaningful. Since in chapter 5 knowledge acquisition occurred as
a result of playing KM Quest, for this study it is highly likely that these
results would be replicated. This is formulated in hypothesis 1. Further-
more, a good understanding of the learning material could facilitate the
ability to transfer knowledge to another context. This implies a positive
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relation between the acquisition of knowledge and the ability to transfer
it. For example, students who are able in KM Quest to solve partic-
ular problems with the KM model, should also be capable of solving
similar problems in another setting. Another hypothesis (hypothesis 6)
therefore predicts a strong positive relation between post-test measures
of learning and scores on the transfer test.

6.1.2 Task model
One of the main components of KM Quest is the Knowledge Manage-

ment model (KM model, see also chapter 3). This model is embedded in
the learning environment as a means of support for systematic problem
solving. It prescribes how students should solve knowledge management
problems. The KM model can be seen as a set of problem solving activi-
ties that are instantiated for a specific type of task. It is this instan-
tiation of a general problem solving method towards a particular type
of task, that is at the heart of the theoretical model in chapter 2. In
the KM model, the general phases of problem solving, such as, orienta-
tion, execution and evaluation (Masui & de Corte, 1999) are applied to
a monitoring-diagnosis task. Such a task includes analysing an ongoing
process and checking whether it occurs according to the expectations,
identifying possible discrepancies and if needed, taking action. This
process is represented in the phases FOCUS, ORGANISE, IMPLEMENT
and MONITOR in the KM model. In KM Quest, students analyse the
knowledge household of Coltec and their goal is to optimise it according
to their targets. The KM model prescribes how to perform this task,
because each phase consists of elementary executable activities relevant
for that particular phase at the object-level. (see chapter 3).

The assumed benefit of the KM model with respect to self-regulatory
skills is the following: the KM model supports learners in the sense that
in this model domain-independent metacognitive skills are transformed
into cognitive activities at the object-level. Therefore, learners that are
confronted with the KM model do not necessarily need to use meta-
cognitive skills in order to learn. Instead they can use the KM model.
The hypothesis is that the KM model in KM Quest is responsible for
the learning success established so far in the previous studies since it
represents a compiled model of how to solve KM problems. Thus, the
assumption is that students working with the KM model achieve higher
scores on the knowledge tests than students who do not have the model
available.

Furthermore, when no model is present, the use of metacognitive skills
becomes more important. Students who have an adequate framework of
metacognitive skills at their disposal (the MS+ group) are able to use
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these skills in order to solve KM problems. They at least have their
generic skills to tackle new problems. Students who are weak in meta-
cognition (the MS− group), get lost more easily in the learning environ-
ment, since they have no good starting point. They therefore achieve
suboptimal results. This represents an interaction effect of condition
and use of metacognitive skills (see figure 6.1).

Figure 6.1. Hypothesized interaction effect of metacognition on learning results.

6.1.3 Measurement of metacognition
In study I (chapter 4) literature was presented about prospective,

concurrent and retrospective measurement of the use of metacognitive
skills. The conclusion was that a concurrent measure is to be preferred
since it represents a direct behavioural measure as opposed to having
to rely on self-assessment of participants. However, a serious drawback
of concurrent measures, such as protocol analysis, is that it is quite
time-consuming. Therefore, in the previous studies, prospective and
retrospective measures have been used.

An additional question was to what extent these measures were related
to learning success. In the pilot study, there is some evidence that trans-
fer of learning occurs, but it is not related to retrospectively measured
self-reported use of metacognitive skills. In the second study, learning is
successful in terms of the acquisition of declarative and procedural know-
ledge. Again, the self-reported use of metacognitive skills is measured,
this time prior to task performance. It shows no relation with learning.
One assumption was that prospective and retrospective measurements
of metacognition are measuring a different theoretical construct. When
one focuses on measuring metacognition prior to task performance, and
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respondents are asked to assess what they would do in general, it rep-
resents a trait measure. The post-test measurement of metacognition
represents a state measurement, in which participants should judge to
what extent they used metacognitive skills in a particular setting. This is
argued in chapter 5. However, since no relation between the test results
for the self-report measure on the use of metacognitive skills and learn-
ing could be established, no clear statement could be made concerning
this trait-state distinction.

In the current study, the same prospective and retrospective self-
report measures for metacognition are included as in the previous studies
but this time, protocol analysis is performed as well. The question re-
mains to what extent measures of metacognition are related to learning
success. The hypothesis is that a concurrent measure based on pro-
tocol analysis would be more strongly related to learning success than
the other types of measures. The rationale is that this is a direct, be-
havioural measure.

Finally, being able to transfer knowledge requires students to take one
step back and to reflect on characteristics of the learned material and of
the newly presented setting. They have to extract generic principles and
apply these to a different setting. This involves the use of metacognitive
skills. Therefore, a positive relation is expected between transfer of
knowledge and the use of metacognitive skills.

6.1.4 Hypotheses

In order to study the effect of the KM model and the use of meta-
cognitive skills on learning, KM Quest is played in two conditions: one
without the KM model (no-model condition) versus the standard envi-
ronment (model condition). In a pre-test post-test design, measures of
learning and self-reported use of metacognitive skills are employed pro-
and retrospectively. Although evidence is available that students ac-
quired declarative and procedural knowledge from KM Quest (see chap-
ter 5), this is hypothesized again for the current study in order to cor-
roborate the results of the previous study. In order to facilitate data
analysis, students are divided into two groups, those scoring high on use
of metacognitive skills (MS+) and those scoring low on use of meta-
cognitive skills (MS−). This is done three times, for each self-report
measure of metacognition and for the concurrent measurement of meta-
cognition that involves analysis of the chat protocols of students. The
following hypotheses are formulated:
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Hypothesis 1: students acquire declarative and procedural knowledge
from pre- to post-test measurements as a result of playing KM Quest
and they are capable of transfer.

Hypothesis 2: students in the model condition achieve higher scores
on the knowledge tests than students in the no-model condition. This
represents a main effect of condition on learning results.

Hypothesis 3: players in the no-model condition who score high on
metacognition (MS+ group) show a knowledge gain with respect to
the knowledge tests.

Hypothesis 4: players in the no-model condition who score low on
metacognition (MS− group) show only a relatively small knowledge
gain with respect to the knowledge tests. Hypotheses 3 and 4 repre-
sent an interaction effect of condition and metacognition on learning
results.

Hypothesis 5: concurrent measurement of the use of metacognitive
skills is the best predictor of learning compared to pro- and retro-
spective measurement of metacognition.

Hypothesis 6: there is a strong positive relation between post-test
scores for learning and scores on the transfer test.

Hypothesis 7: there is a strong positive relation between metacognition
and scores on the transfer test.

6.2 Method
6.2.1 Participants

In this study, 49 students from the polytechnic Hogeschool Zuyd par-
ticipated in the experiment. The sample of students is comparable to
the samples in study I and II described in chapters 4 and 5. The re-
sults of 46 out of 49 participants are included in the data analysis of
this study. Two students are excluded because they also participated in
study II in October-November 2003. They were assigned to the same
team. One student fell ill during the experiment. The average age of the
students is 22.7 years (SD = 1.6). Thirty students are male, 16 female.
In each condition there are 7 teams of three students and 1 team of two
students.

6.2.2 Game configuration
The hypotheses of this study are tested by means of an experiment

with two conditions. In the no-model condition the task model is ex-
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cluded from the learning environment and any pages in handbooks re-
lated to the task model are deleted as well. However, in order to se-
lect and implement interventions (necessary to play the game) the steps
Select interventions and Decide on interventions of the KM model are in-
cluded. In the model condition students are presented with the standard
version of KM Quest that includes the task model that prescribes how
to solve KM problems. This environment is similar to the one used in
previous studies. Students are assigned to conditions based on random-
ization. They have equal chance to end up in either condition.

In contrast to the earlier studies, KM Quest now fired a predefined se-
quence of events, regardless of the status of the business model. Having
a predefined sequence of events allows for a better comparison between
teams and conditions. Events differ according to whether they represent
a threat or an opportunity, whether they are internal or external and
whether they are KM-related or not. Events are selected for which in-
terventions are known that positively influence the BM (see also chapter
5, page 87). The actual events are presented in table 6.1.

Sequence Locus Type Event description
1 Intern Threat Leave of research experts
2 Extern Threat A primary material of Coltec

is becoming scarce
3 - non-KM Competitor sells part of its

business
4 Extern Opportunity EU publishes call for R&D

funding programs
5 Intern Threat Marketing department cannot

fulfil internal requests for in-
formation

6 Extern Threat Future shortage of chemistry
students

Table 6.1. Predefined sequence of events fired by KM Quest.

6.2.3 Instruments
6.2.3.1 Learning results

An adapted version of KMQUESTions was used in order to mea-
sure learning results concerning the acquisition of declarative and pro-
cedural knowledge (see chapter 5). First, item analysis on the data of
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KMQUESTions of study II was performed. Weak items were deleted
and the remaining items were put together in one test. For the current
experiment, one questionnaire containing 96 items (38 items for declar-
ative and 58 items for procedural knowledge) was constructed that was
administered before and after the game. The sequence of the items re-
mained the same since there is an optimal ranking of items in order
not to reveal answers. Between the pre- and post-tests there were three
weeks. This is long enough to consider possible test-retest effects negli-
gible. Also, no feedback was given on the test results. The calculation
of the score for declarative and procedural knowledge was identical to
the procedure followed in study II (see chapter 5).

Of the procedural knowledge test, 33 items were specific for the KM
model. These items, for example, asked what an activity in the KM
model stands for. The remaining items (25) were general procedural
items. These items involved, for example, choosing the best interven-
tion for a particular event. Since students in the no-model condition did
not have the model available, they could not be expected to have KM
model-specific knowledge available. Therefore, the variable procedural
knowledge was split up into two variables. The variable KM model-
specific procedural knowledge was calculated based upon all procedural
items that explicitly referred to the KM model. The variable general
procedural knowledge was calculated based on the remaining procedural
items, that did not explicitly refer to KM model knowledge.

In the pilot study (Chapter 4), a paper and pencil test was used in
order to measure transfer of knowledge learned in KM Quest to a case
other than Coltec, namely HollandSky. The results indicated that this
test was quite reliable but it produced too much missing data. For the
current study a new transfer test was developed. The content of this
new transfer test was based on the HollandSky case, but the format was
similar to KMQUESTions. This means that it was an electronic test in
multiple choice format with four alternatives of which one was correct.
The transfer test contained 57 items. In figure 6.2 an example item is
given in which students were asked to make a comparison between the
Coltec and HollandSky case regarding the effect of an event.

6.2.3.2 Game results

Two types of game results were used in this study. As in the previous
studies, the weighted average of the Organisational Effectiveness Indi-
cators (OEI) scores in quarter 7 were taken into account. These scores
represent the weighted average of the game indicators; Profit, Market
share and Customer satisfaction index.
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Figure 6.2. Example item of the transfer test.
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The second measurement of game result of the teams was the status of
the knowledge map in the 7th quarter. The knowledge map is one of the
most important visualizations of the status of the knowledge household
of Coltec since it presents a concise overview of the status of all properties
of knowledge processes in the knowledge domains. An example of the
knowledge map is given in figure 6.3. The three squares represent the
three knowledge departments in KM Quest: the R&D, Marketing and
Production department. For each of these departments, five knowledge
processes are shown (see Notes on the legend), being Retention, Gaining,
Development, Utilisation and Transfer of knowledge. For all of these
knowledge processes, the overall effectiveness is indicated in terms of a
colour visualization. Darker colours depict more effective processes. For
all knowledge processes but Retention, the speed is indicated in terms of
a letter combination. Faster processes indicate a faster pace at which the
knowledge process is taking place. Students were instructed to manage
the knowledge household of Coltec as well as possible. Thus, they should
aim for the most effective and fastest knowledge processes. The status
of the knowledge map may be a good indicator of the game result of
teams. For analysis purposes, the qualitative aspects represented in
the knowledge map (colour and letter combinations) were turned into
quantitative information. The total number of optimal processes for
both speed and effectiveness was taken into account. For instance, in
the knowledge map in figure 6.3, 8 out of 12 processes are very fast (vf)
which is 66.67% and 13 out of 15 processes are most effective, which is
86.67%. The average of these two percentages (76.67) reflects the overall
percentage of optimal processes.

6.2.3.3 Metacognitive skills

The scale metacognition of the MSLQ was used again in this study.
The content and procedure was equivalent to the previous studies. Stu-
dents took identical test versions of the MSLQ before and after the game
in order to measure a shift of self-reported strategy use. The pre-test
concerned filling in the items in general, The post-test involved filling
in the items having in mind how one has just played KM Quest. These
measurements represent a prospective and a retrospective measurement
of metacognition.

The chat protocols formed the basis for the concurrent measurement.
The chat protocols contained all the communication that took place
between team members, since students were instructed to only commu-
nicate through the game’s chat facilities.
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Figure 6.3. Example of a knowledge map of team 3 in the 7th quarter.

The coding scheme developed in the pilot study (chapter 4) was used
to annotate contributions of team members. The criteria for the coding
scheme were (1) categories do not overlap (exclusive categories) and
(2) categories cover all possible types of contributions in the protocols
(exhaustive categories) (Eggen & Sanders, 1993). Discussion about the
annotation process between two coders led to several changes to this
original coding scheme.

The category TASK was introduced. This category is used for anno-
tating the beginning and ending of concrete activities. It concerns the
regulation of performing domain activities This category is directly re-
lated to the task-level in the theoretical model (chapter 2). It is neither
domain-independent nor cognitive, but task-related. PLAN is different
from TASK in the sense that the former concerns the intention or pro-
posal to perform activities in a systematical order. The category PLAN
is more abstract in nature than TASK.

All categories except COGNITIVE and TASK are considered to be
metacognitive in nature. Several categories were discarded namely G-
STRA, G-PRED, G-PLAU, T-STRA, T-PRED, T-PLAN, T-PLAU and
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T-PROS because they did not occur in the protocols. In order to
present data, for GROUP, TOOL and KM three measures were cal-
culated, namely COGNITIVE, TASK and META. The measure META
consists of all activities that are scored as metacognitive. The final cod-
ing scheme is shown in figure 6.4.

Figure 6.4. Coding scheme used to label the contributions from the chat protocols.

The annotation process also led to the generation of many specific
rules applicable to the coding categories and examples of appropriate
contributions for each category that was created. In table 6.2 the most
important rule for each category is given including a prototypical ex-
ample of a contribution for the particular category. One important ad-
ditional rule was that the category GROUP always overrules the cate-
gories TOOL and KM. Thus, a contribution in the form of a question
was always coded as GROUP. This was done in order to specifically pay
attention to the use of metacognitive skills in a collaborative context.
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In order to check reliability, half of a protocol of one team was coded
independently by two coders. The objective was that both coders would
reach sufficient agreement in their annotation of the protocol. Protocols
were not segmented in fragments as was done in the pilot study (see
chapter 4) because of the sheer number of contributions that have to
be coded manually (17,182 contributions in total). Segmentation would
increase the number of fragments to be coded even more. Instead when
multiple categories were applicable to a single contribution, the category
for the longest part of the contribution was used. In order to calculate
inter-observer agreement, Cohen’s Kappa was used, which presents a
proportion of agreement adjusted for chance. A Kappa of 0.60 and
higher reflects sufficient observer agreement. Initially, a Kappa of 0.43
was found. After discussion, both coders annotated the second half of
the protocol independently and reached a Kappa of 0.70, which reflects
sufficient inter-observer reliability.

Category Rule Example

GROUP A direct referral to a
team member or a ques-
tion

“What do you think
about this, Henry?”

Cognitive Asking the opinion of other
team members

“How about intervention
I6?”

Task Imperative concerning the
initiation or finishing of
activities

“You start filling in the
goals!”

Reflect on prob-
lem

A content related reflection
on the nature of a problem

“But is this a KM-related
problem?”

Comprehension
monitoring

Indications of lack of under-
standing without a clear KM
component

“But what do we have to do
now?”

Planning Indications of how one wants
to go about solving the prob-
lem

“Do we have any other goals
to pursue?”

Monitoring Indications of agreement be-
tween team members

“Ok, I agree!”

Evaluate problem
solving

Indication of evaluating the
overall group process in re-
lation to problem solving

“But not all of our team
members have made the
same effort in playing the
game”

TOOL Any contribution related
to the GUI, functional-
ity or affordances of KM
Quest

“In the home page of
KM Quest you see the
laptop on the desk”

Cognitive Descriptive contributions
concerning the GUI, func-
tionality or affordances of
KM Quest

“In the intervention book
there are other things we can
do”
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Category Rule Example

Task Indications of initiating or
finishing activities related to
the GUI, functionality or af-
fordances of KM Quest

“Then we should not go to
the left in the model because
we cannot do anything there
now”

Comprehension
monitoring

Indications of lack of un-
derstanding concerning the
GUI, functionality or affor-
dances of KM Quest

“I think we are meant to
choose only one of the two
options given here”

Monitoring Indications of keeping track
of activities while mention-
ing the GUI, functionality or
affordances of KM Quest

“I have already written
down the argumentation for
’Where to focus on’.”

KM Any contribution related
to the domain KM

“Intervention I15 con-
cerns increasing job sat-
isfaction”

Cognitive Referring to knowledge, ter-
minology and principles of
the domain KM

“I think we have to focus on
the average job satisfaction”

Task Indications of initiating or
finishing activities with a
clear KM component

“We now have to decide to
which domain we have to
pay attention”

Reflect on prob-
lem

Indications of reflecting on
the nature of a problem

“This problem has nothing
to do with KM”

Comprehension
monitoring

Indications of lack of under-
standing related to KM

“I don’t understand it any-
more”

Generate strat-
egy

Indications of choosing a so-
lution direction

“Then we have to look for a
solution in the area of train-
ing employees”

Predicting conse-
quences

Indications of discussing
consequences of possible
solution directions

“However it could also turn
out positively for us”

Planning Indications of how one wants
to go about solving the prob-
lem

“Ok, let’s continue”

Monitoring Indications about the sta-
tus of activities started in
the past that continue or are
about to be finished

“I think we have done
enough for this step”

Plausibility Checking whether KM-
related activities or out-
comes are credible

“That is strange, it does not
influence anything and still
you want to focus on it”

Evaluate problem
solving

Indications that represent a
reactive or proactive atti-
tude concerning the overall
problem solving process

“Next to the event, we have
to have an eye on what else
matters in Coltec”

Table 6.2: Rules and examples for all relevant categories of the coding
scheme used to perform protocol analysis.
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6.2.3.4 Additional measures

ANALOG was used in order to gain insight into the actual learning
behaviour of students in terms of the time spent on specific elements in
KM Quest. This information was extracted from the log files that were
automatically saved by the game. Relevant elements that were taken into
account for both conditions are: Chat, Newspaper, Feedback, History, KM
Dictionary, Visualization handbook, Coltec, Intervention handbook, Indica-
tor handbook, KM handbook and the Visualizations and, depending on
the condition, the KM model phases.

According to the instructions given prior to playing the game, students
should focus on acquiring knowledge about the domain of Knowledge
Management. In a brief exit-questionnaire that was distributed after
the game was finished, students were asked what their goals were while
playing KM Quest. This information could provide a explanation for
possible differences between conditions.

6.2.4 Procedure
The study was carried out over a period of four weeks, prior to any

other institutional instruction in KM. In week 1 students attended an
introduction to the game. This took approximately one hour. Students
of both conditions attended the introductory lecture. Subsequently, the
training session took place, lasting 2 hours. For each condition, a spe-
cific training was developed. For the no-model condition the learning
environment was explained and moreover the general way of solving a
problem was demonstrated without any reference to the KM model. Stu-
dents in the model condition participated in a training that was similar
to the one used in studies I and II. In this training the learning envi-
ronment was explained and the way of solving an event by means of
the KM model was demonstrated. After the training, students took the
pre-test measurements (background information such as age and prior
knowledge of KM, MSLQ and KMQUESTions). The test session took
approximately one hour. In week 2, students started playing the game
during two game sessions that each lasted approximately 2 hours. The
instruction to students was to perform as well as possible on the post-
test. Additional instruction for students in the model condition was that
they should complete all steps of the KM model for each quarter of the
game. Team members were located in two different computer rooms.
Communication solely took place via the chat facilities present in the
game, no face-to-face communication occurred. Each room was super-
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vised by one experimenter in order to ensure silence. Students did not
have access to the game outside the playing sessions. In week 3 a third
and last game session took place in order to reach quarter 7 in the game.
The day after, another test session was scheduled which included admin-
istration of the MSLQ, KMQUESTions, the transfer questions and an
exit-questionnaire. In week 4 a debriefing lecture was organised during
which students shared their experiences about the game. Also the grades
(post-test scores) were disclosed.

6.2.5 Statistics and a-priori comparisons
When comparing two or more groups one can use a number of statis-

tical analysis techniques such as an analysis of covariance or a General
Linear Model (GLM) for repeated measures (Stevens, 2002).

In an analysis of covariance, one measure is used in order to control for
another measure. For instance, post-test scores of learning can be con-
trolled for pre-test scores (the covariate), especially when pre-test scores
differ between participants. This can be important when differences be-
tween conditions occur. Using a randomized design prevents systematic
differences occurring. In principle, the terms for using this technique are
met. However, the disadvantage of this technique is that learning effects
in terms of an increase from pre- to post-test are not taken into account
as such. One can compare the adjusted post-test scores.

The alternative technique, GLM (repeated measures) is used in this
study. This is an analysis of variance in which within-subject variables
and between-subject variables are taken into account. Several within-
subject variables exist, namely the pre- and post-test measures of learn-
ing; which are dependent variables. Between-subject variables divide
the students into groups. In this study there were two between subject
groups: ‘no-model’ and ‘model’ conditions. In order to test the hy-
pothesized interaction effect between condition and metacognition, the
measure of metacognition is used as an independent variable. As such it
needs to be transformed into a dichotomous variable. This reduces the
power of the analysis. The power is the probability of making a correct
decision (or rejecting the null hypothesis when it is false). The main ad-
vantage of this analysis technique is that learning effects are more likely
to be clearly identified.

High and low scorers on each measure of metacognition were distin-
guished by using the median in order to split the group. The median is
a robust measure for central tendency that is unaffected by possible out-
liers or extreme scores (Stevens, 1994). The measures of metacognition
are: prospective self-reported use of metacognitive skills, retrospective
self-reported use of metacognitive skills (both measures on a 6-point
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scale from 1 to 6), concurrent aggregated measure of group-related meta-
cognitive activities (G-META) and concurrent aggregated measure of
domain (KM)-related measure of metacognitive activities (KM-META).
The last two measures represent the percentage of contributions per stu-
dent as scored in the communication protocols. The frequency of contri-
butions scored as metacognitive in TOOL is too low to be of importance
in this analysis and is therefore discarded (see further).

Table 6.3 gives an overview of the descriptive statistics for each mea-
sure of metacognition. Three participants were not present during the
prospective measurement of metacognition, hence this sample only con-
tained the measurement of 43 participants. The mean percentages of
the concurrent measures are quite low because they represent the av-
erage percentage of metacognitive contributions per student (see also
table 6.18).

Mean SD N min-max median
Prospective 3.85 0.55 43 2.67 - 5.17 3.83
Retrospective 3.85 0.55 46 2.58 - 5.75 3.83
G-META 1.11 0.50 46 0.03 - 2.17 1.03
KM-META 0.68 0.28 46 0.23 - 1.29 0.66

Table 6.3. Descriptive statistics for self-reported and concurrent measurements of
metacognition.

A condition of using the GLM repeated measures technique is that
groups of students should not differ from each other on the independent
variables before playing the game (i.e. the pre-tests). With the aim
of achieving this, students were allocated at random to the two con-
ditions. Additionally, an analysis of variance on the pre-test scores is
performed with condition and metacognition as independent variables.
This analysis is repeated for all dichotomous measures of metacognition.
No significant differences exist. The conclusion is that the groups do not
differ from each other on important variables before playing the game.

Transforming a continuous variable into a dichotomous variable causes
loss of information. Therefore, correlational analyses were performed as
well in order to give additional insight into the data.
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6.3 Results
6.3.1 Game results

In terms of the results on the organisational effectiveness indicators
(OEI) in the 7th quarter in the game, the average score of the teams
is 8.27 (SD = 0.75). Compared to the initial game situation (average
OEI = 7) this is a good achievement, teams have improved the Or-
ganisational Effectiveness of Coltec. No significant difference between
conditions exists (see table 6.4).

Also in table 6.4 the percentage of optimal properties of knowledge
processes is indicated per team. The average percentage of processes is
72.40 (SD = 21.01). In comparison, in the initial quarter, the percent-
age of optimal processes is 96%. This indicates that the initial status
of the knowledge household of Coltec when starting the game is good,
events can reduce this. There is not much room left for improvement of
the knowledge household. No significant difference between conditions
exists.

OEI Mean SD N teams
No-model condition 8.19 0.93 8
Model condition 8.35 0.56 8
Total 8.27 0.75 16
% Optimal processes Mean SD N teams
No-model condition 69.38 27.87 8
Model condition 75.42 12.19 8
Total 72.40 21.01 16

Table 6.4. Mean and standard deviation of the OEI score (10-point scale) and per-
centage of optimal processes in the 7th quarter.

Game results and status of the knowledge map are strongly related to
each other (r = 0.78, p < 0.01). Both the status of the Organisational
Effectiveness Indicators and the knowledge map were calculated by the
Business Model in KM Quest. The status of the BM was affected by
the interventions chosen by the teams. One would assume that choos-
ing correct interventions for a particular event would result in a better
status of Coltec, both at the level of knowledge indicators as well as
at the level of Organisational Effectiveness Indicators. However, results
of the previous study reported in chapter 5 indicated that this is not
the case. In that study, choosing interventions randomly created com-
parable results to using a conscious strategy for choosing interventions,
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which suggested that it does not matter whether one follows a particular
strategy in order to choose interventions.

One drawback of the random simulation in the previous study is the
rather small random sample of event-intervention combinations. In KM
Quest, over 50 events exist and over 50 interventions are possible. And,
for each event a combination of various interventions can be chosen.
This produces a vast number of event-intervention combinations. A
simulation of only one experiment does not do justice to this vast space
of combinations of events and possible (sets of) interventions.

In order to create a larger sample of simulations the Monte Carlo
simulation technique was used in which a large number of simulations
of the experiment is produced. This technique enables sampling of large
multidimensional systems. The fixed sequence of events was taken as a
starting point, similar to the game set-up. The teams implemented an
average number of 5 interventions per event.

As students vary in the number of interventions chosen per event, the
simulations were made to match the variation in the number of interven-
tions chosen per event. This makes the simulation more sophisticated
than in the previous study in which this was not taken into account.
KMsim (De Hoog, Shostak, Purbojo, Anjewierden & Christoph, 2002;
Anjewierden, Shostak & De Hoog, 2002) was adapted in order to per-
form the Monte Carlo simulations automatically. The average OEI score
after 100 simulations is 7.36 (SD = 0.78). A one sample t-test was used
in order to test whether the mean of OEI score in 100 simulations differs
significantly from the mean score of the student sample in this study
(8.27). The difference is significant (T = -11.64, p < 0.01); which means
that students perform better than the random simulations.

It appears that choosing appropriate interventions for particular events
yields a better game result than choosing interventions randomly. The
random sampling still produces a fairly adequate game result though,
which is similar to the default starting position of the game. Compared
to choosing no interventions at all (game is ‘played’ by the decay func-
tion only) the random sampling still produces a very good game result
(see also chapter 4, figure 4.1).

Another question remains. Students in study II achieve an average
OEI score of 7.36 (SD = 0.56). In study III students achieve an average
OEI score of 8.27. Both samples are quite comparable on other variables.
Why are students in the current study performing better in the game?
Several explanations are possible.

One could assume that types of events vary in degree of difficulty. For
instance, non-KM related events and opportunity events could be more
difficult to choose interventions for than events that represent a threat
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to Coltec. Only threats have a negative influence on the status of the
BM; the other types of events have no effect on the BM. In study II
students encountered fewer threats than in study III. In the fixed event
sequence in study III this was 4 out of 6, in the random event sequence
in study II students were presented with fewer threats as all types of
events had an equal chance of occurrence. Therefore, students in study
III have to counter not only the decay function of the BM but also more
negative effects of the threats. This then could result in a lower average
OEI score for study III. However, the contrary is found.

Another explanation lies in the fact that teams in study II chose less
interventions than students in study III. It turns out that students in
study II have chosen 4.29 interventions on average (SD = 2.85), whereas
in study III students have chosen 5.36 interventions on average (SD =
2.82). This difference is significant (T = -2.37, p < 0.05). Therefore,
students in study III choose more interventions than students in study
II. This explains the higher final status of the BM for study III. Another
t-test reveals that students in the no-model condition (mean = 5.10, SD
= 2.43) have significantly chosen fewer interventions than students in
the model condition (mean = 5.63, SD = 3.20; T = 4.29, p < 0.05).
This accounts for the fact that students in the model condition achieve
a slightly higher final status of the OEI scores than students in the no-
model condition.

In conclusion, first, choosing more interventions for a particular event
leads to a higher average business status of Coltec. It pays off to use
the full budget available for interventions and to implement as many
interventions as the budget allows. In this study, students choose more
interventions than in the previous study and achieve a higher game re-
sult. Second, thinking about the choice of interventions for a particular
event produces higher game results than when one chooses interventions
randomly. The difference is however not large. The game could be im-
proved by increasing the positive effect of ‘correct’ interventions on the
BM. Then the overall status of Coltec would be an even better form of
feedback on how one is solving KM problems.

Then, the exit-questionnaire was administered with regard to the in-
dividual goals of students whilst playing KM Quest. In table 6.5 the
results are given in terms of the number of times a specific goal was men-
tioned. ‘OEI’ refers to aiming at the highest organisational effectiveness
indicators. ‘JS’ refers to aiming at the highest job satisfaction values
(also an indicator in Coltec). ‘Knowledge’ refers to aiming at acquiring
knowledge about the domain of Knowledge Management. ‘Kmap’ refers
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to aiming at the best possible knowledge map and ‘?’ refers to an unclear
goal that was mentioned by the respondent.

OEI Knowledge Kmap JS ? total
No model 13 7 4 3 5 32
Model 15 9 4 1 4 33

Table 6.5. Number of times a specific goal is mentioned while playing KM Quest.

The results indicate that no differences exist between the two con-
ditions with respect to the personal goals students had while playing
KM Quest. The students were instructed to acquire as much knowledge
about the domain KM as possible. Students of both conditions appear
to have mostly focused on increasing the Organisational Effectiveness
Indicators which was not explicitly part of their instruction. This could
be an affordance of KM Quest since these indicators have quite a central
place in the main window of KM Quest. This goal overrules the aim
of striving for knowledge. Still, no significant differences exist between
students in both conditions.

6.3.2 Prospective and retrospective
measurements

The internal reliability coefficients for both the pre- and post-test
of KMQUESTions and the transfer test are shown in table 6.6. The
reliability of different parts of KMQUESTions and the transfer test is
moderate to sufficient. With respect to metacognition, the reliability of
this scale measured before and after task performance is sufficient.

KR20 / Alpha Pre-test Post-test
Declarative knowledge .64 .64
Procedural knowledge .78 .52
Transfer .55
Metacognition .60 .66

Table 6.6. Cronbach’s alpha (= KR20 for dichotomous items) coefficients of
KMQUEStions, transfer test and the scale metacognition.
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6.3.2.1 Effects of learning and condition
In order to test the hypotheses, an analysis of variance by means of

a General Linear Model (GLM) with repeated measures was performed.
Dependent variables were the pre- and post-test measurements of the
knowledge tests. The independent variable was condition (no-model
versus model). A MANOVA was used to analyse of the transfer scores.

In table 6.7 descriptive statistics such as mean score on the knowledge
tests are shown including standard deviation and number of students
who have taken the test. Concerning within-subject effects, main effects
for the acquisition of declarative knowledge (F= 72.13, p < 0.01), KM
model-specific procedural knowledge (F = 32.71, p < 0.01) and general
procedural knowledge (F = 14.21 p < 0.01) exists. Students acquire
declarative and procedural knowledge from pre- to post-test.

Pre-test Post-test
Declarative .51 .11 46 .62 .10 46
Procedural .49 .13 46 .62 .09 46
General procedural .51 .13 46 .59 .09 46
Specific procedural .48 .16 46 .63 .13 46
Transfer .70 .08 46

Table 6.7. Mean, standard deviation and number of participants for the pre- and
post-test measurements of declarative, KM model-specific procedural and general
procedural knowledge and transfer test measured in proportion of correct answers.

No−model Model

Pre-test Post-test Pre-test Post-test

Declarative .51 .13 23 .64 .11 23 .50 .10 23 .61 .10 23
Specific procedural .44 .16 23 .56 .12 23 .52 .16 23 .70 .11 23
General procedural .49 .12 23 .59 .10 23 .53 .14 23 .59 .10 23
Transfer - .69 .09 23 - .71 .07 23

Table 6.8. Mean, standard deviation and number of participants for the pre- and
post-test scores on declarative, general procedural knowledge and the transfer test for
both conditions measured in proportion of correct answers.

In table 6.8, students in the no-model condition are compared to stu-
dents in the model condition concerning all tests. No (within-subject)
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interaction effects exist between the acquisition of learning nor transfer of
knowledge and condition. In both conditions, students acquire declar-
ative knowledge (F = 71.59, p < 0.01) KM model-specific procedural
knowledge (F = 32.71, p < 0.01) and general procedural knowledge (F
= 14.21, p < 0.01). Concerning between-subject effects, no main effect
of condition on the acquisition of declarative (F = 0.49, p = 0.49) nor
general procedural knowledge exists (F = 0.88, p = 0.35). Condition
does show a main effect for KM model-specific procedural knowledge
(F = 11.71, p < 0.01). Thus, students in the model condition perform
better on the test for KM model-specific procedural knowledge than
students in the no-model condition, which makes sense, since the former
have had the model available during the game and the others have not.
A MANOVA on transfer scores shows no main effect of condition (F =
1.07, p = 0.31).

In conclusion, this study replicates the results concerning learning suc-
cess from study II. In all respects, students acquire knowledge from pre-
to post-test. Therefore, hypothesis 1 can be supported. Also, students
score relatively high on the transfer test, compared to the results on
KMQUESTions. This is initial support for the idea that KM Quest
not only supports knowledge acquisition in the domain of KM but also
supports the application of knowledge to another (comparable) case.
Hypothesis 6, that assumes a strong relation between knowledge acqui-
sition and transfer, is explored further in section 6.3.2.4. With regard
to hypothesis 2, some evidence is found that supports the idea that stu-
dents in the model condition outperform their peers in the no-model
condition. Students in the model condition acquire more KM model-
specific procedural knowledge than students in the no-model condition.
More interesting is the fact that students in the no- model condition also
significantly acquire KM model-specific procedural knowledge from KM
Quest. Perhaps they are able to develop an intuitive model of KM that
is comparable to the KM model in the game. This is explored in this
chapter in sections 6.3.3 and 6.3.4.

6.3.2.2 Effects of metacognition

An ANOVA by means of a General Linear Model with repeated mea-
sures was performed. Dependent variables were the pre- and post-test
measurements of the knowledge tests. Independent variables were con-
dition (no-model versus model) and metacognition (MS− versus MS+).
A MANOVA was used for analysis of the transfer scores. In tables 6.9
and 6.10 the results are shown.



124

Prospective Pre-test Post-test
Declarative
MS− .50 .11 24 .62 .11 24
MS+ .52 .12 19 .64 .10 19
Specific procedural
MS− .45 .17 24 .63 .14 24
MS+ .53 .15 19 .66 .13 19
General procedural
MS− .48 .14 24 .60 .10 24
MS+ .54 .12 19 .58 .11 19
Transfer
MS− .70 .07 24
MS+ .70 .09 19

Table 6.9. Mean, standard deviation and number of participants for the pre- and
post-test scores on declarative and general procedural knowledge and transfer mea-
sured for high and low scorers on metacognition (prospectively measured) in propor-
tion of correct answers.

Retrospective Pre-test Post-test
Declarative
MS− .50 .12 24 .63 .12 24
MS+ .51 .10 22 .61 .09 22
Specific procedural
MS− .46 .18 24 .63 .15 24
MS+ .51 .14 22 .63 .12 22
General procedural
MS− .49 .12 24 .63 .09 24
MS+ .54 .13 22 .55 .09 22
Transfer
MS− .71 .07 24
MS+ .69 .09 22

Table 6.10. Mean, standard deviation and number of participants for the pre- and
post-test scores on declarative and general procedural knowledge and transfer for high
and low scorers on metacognition (retrospectively measured) measured in proportion
of correct answers.
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As far as interaction effects are concerned, only one such effect exists,
a within-subjects interaction effect between acquiring general procedural
knowledge (from pre- to post-test) and metacognition measured retro-
spectively (F = 4.55, p < 0.05). Students who score low on the use of
metacognitive skills measured after task performance show more learn-
ing with respect to general procedural knowledge than students who
score high on the use of metacognitive skills. It appears that weaker
students in terms of self-reported use of metacognitive skills after task
performance learn most, regardless of condition.

A possible explanation for the interaction effect found could be that
students in the MS+ group already perform better on the pre-test than
students in the MS− group because they have a relatively good frame-
work of general metacognitive skills available that helps them in an-
swering more questions correctly after they have had the introductory
training session. A side-effect then could be that this overshadows a
potential learning effect. The a priori comparisons show, however, that
no differences exist on pre-test scores. Therefore this explanation is not
corroborated.

An alternative exploratory perspective on this interaction effect is the
following: perhaps students who report the less frequent use of meta-
cognitive skills pay more attention to what the students say who report
the more frequent use of these skills in the chat facility. The former
students could learn a lot from the latter, without actually having to
put in the effort. This effect is known in the literature as the ‘free-rider’
or ‘social loafing’ effect (Kerr & Bruun, 1983). The free-rider effect
in collaborative learning situations concerns team members who avoid
expending effort on the task because the other team members put in
enough effort.

A quantitative investigation of whether the free-rider effect occurs, is
performed. The distribution of high and low scores on metacognition
within teams is explored. Table 6.11 shows the distribution. This effect
could be expected to occur particularly in mixed teams (in which team
members differ in self-reported metacognitive skills). This concerns 12
out of 16 teams. The question is whether the members of these 12 teams
perform differently from the members of the remaining four teams. A t-
test reveals that no significant differences exist on the post-test of general
procedural knowledge.

In order to pursue the exploration in a qualitative way, the commu-
nication protocols are investigated. If this idea were to be true then one
should find that students who report less frequent use of metacognitive
skills (and gain high scores on general procedural knowledge), are rather
passive in their communication whereas the students who report the
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Distribution Frequency
1 high 2 low 6
2 high 1 low 5
0 high 3 low 2
3 high 0 low 1
1 high 1 low 1
2 high 0 low 1
Total 16

Table 6.11. Distribution of high and low scorers in teams on self-reported meta-
cognitive skills measured retrospectively.

more frequent use of these skills (and gain low to average scores on the
knowledge test) should have a more active role in solving the KM prob-
lems. The protocol of team 86 in the model condition was investigated
more closely in this respect.

Limited evidence is found for this assumption. One student in this
team appears to be rather passive. This student mostly writes con-
tributions that focus on speeding up the problem solving process such
as “Verder” [Continue] or “Wat maakt het ook uit, kom maar verder”
[what does it matter, come on, let’s continue]. This student self-reports
the less frequent use of metacognitive skills and he reaches quite a high
post-test score on general procedural knowledge (0.72).

The active student is the one who writes the yearly report (an oblig-
atory ‘reflective’ moment in quarter 5) and this student writes contri-
butions that indicate reflections on the problem solving process. He
comments, for instance, that an event-related strategy is possibly not
sufficient for managing the knowledge household optimally. He also gives
some explanations for results found. This student actually reports that
he uses metacognitive skills to a greater extent than the former stu-
dent. This limited qualitative investigation shows that the ‘free-rider’
hypothesis could be true (Kerr & Bruun, 1983). This hypothesis could
be investigated more thoroughly in future research.

As for the hypothesized between-subjects interaction effect concerning
condition and metacognition (see hypotheses 3 and 4) table 6.12 and
table 6.13 give an overview of the descriptive statistics. The results
in table 6.14 show that no significant interaction effects exist regarding
between-subject effects.
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Finally, no main effects of self-reported use of metacognitive skills on
the knowledge tests nor the transfer test in either condition exist.

No−model Model

Prospective Pre-test Post-test Pre-test Post-test

Declarative

MS− .50 .15 12 .61 .12 12 .50 .07 12 .63 .10 12
MS+ .53 .11 10 .68 .10 10 .51 .14 9 .60 .09 9

Specific procedural

MS− .40 .19 12 .54 .13 12 .51 .13 12 .71 .08 12
MS+ .50 .12 10 .59 .11 10 .56 .18 9 .73 .10 9

General procedural

MS− .47 .14 12 .61 .08 12 .50 .14 12 .60 .12 12
MS+ .50 .11 10 .57 .13 10 .59 .12 9 .59 .07 9

Transfer

MS− .70 .08 12 .71 .07 12
MS+ .68 .11 10 .72 .06 9

Table 6.12. Mean and standard deviation of the pre- and post-test scores on declara-
tive knowledge measured in proportion of correct answers. Prospective measurement
of metacognition.

In conclusion, the role of metacognition remains unclear when one
focuses on these self-report measures. Merely one interaction effect is
found in which the self-reported use of metacognitive skills after task
performance appears to influence general procedural knowledge acquisi-
tion. Students who report less use of metacognitive skills in KM Quest
show the largest knowledge gain with respect to students who report
more use of metacognitive skills in KM Quest. This is in contrast with
hypotheses 3 and 4 that posit an interaction effect between condition
and metacognition. The results of the concurrent measurement of meta-
cognition in the light of these hypotheses are discussed in section 6.3.3.1

6.3.2.3 Time-on-task as a confounding factor
Although this study was set up in such a way that participants in

both conditions should spend comparable amounts of time playing KM
Quest, an analysis of the log files revealed that students in the model
condition spend more time than students in the no-model condition (see
also section 6.3.4). Mean total time spent of students playing KM Quest
in the no-model condition is 3 hours, 52 minutes and 32 seconds. Team
members in the model condition spend on average 5 hours, 29 minutes
and 22 seconds. Perhaps students in the model condition use their ad-
ditional time to acquire the KM model-specific procedural knowledge.
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No−model Model

Retrospective Pre-test Post-test Pre-test Post-test

Declarative

MS− .51 .16 13 .63 .13 13 .49 .08 11 .63 .11 11
MS+ .52 .09 10 .64 .09 10 .50 .12 12 .59 .08 12

Specific procedural

MS− .41 .20 13 .56 .14 13 .50 .16 11 .71 .12 11
MS+ .48 .10 10 .57 .10 10 .54 .16 12 .69 .10 12

General procedural

MS− .47 .11 13 .62 .09 13 .50 .14 11 .64 .10 11
MS+ .51 .14 10 .55 .11 10 .56 .13 12 .56 .08 12

Transfer

MS− .71 0.07 13 .67 0.11 10
MS+ .72 0.07 11 .71 0.07 12

Table 6.13. Mean and standard deviation of the pre- and post-test scores on declar-
ative knowledge measured in proportion of correct answers. Retrospective measure-
ment of metacognition.

Condition * Metacognition Prospective Retrospective
Declarative F = 1.03 p = 0.32 F = 0.11 p = 0.64
Specific procedural F = 0.37 p = 0.55 F = 0.26 p = 0.62
General procedural F = 0.66 p = 0.42 F = 0.09 p = 0.76
Transfer F = 0.35 p = 0.56 F = 0.38 p = 0.54

Table 6.14. F-value and significance of the between subjects interaction effect of
Condition * Metacognition for both test-takings of the MSLQ.

For the individual conditions, no significant correlation coefficients
exist between time-on-task versus declarative, specific or general proce-
dural knowledge or transfer. For the first three measures, effects of the
pre-test scores were partialed out. In the model condition no relation ex-
ists between total time spent playing KM Quest and learning measures,
nor in the no-model condition. Only if time-on-task correlates signifi-
cantly with post-test measures of learning in the individual conditions,
could it be used as a covariate (Stevens, 2002). Since this is not the
case, the conclusion is that in this study time-on-task is not related to
learning results. Therefore, the fact that students in the model condition
acquire more KM model-specific procedural knowledge than students in
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the no-model condition is not related to having spent more time in order
to finish the game.

6.3.2.4 Correlation between learning and self-reported use
of metacognition

No-model condition 1 2 3 4 5 6
Declarative (1) - .34* -.04 .46* .33 .27
Specific procedural (2) - -.11 .43* .04 -.17
General procedural (3) - .43* -.18 -.08
Transfer (4) - -.21 .00
Prospective MS (5) - .74**
Retrospective MS (6) -

Table 6.15. Correlation coefficients between post-test measures of knowledge and
transfer and self-reported use of metacognitive skills (* p < 0.05; ** p < 0.01, one-
tailed).

Model condition 1 2 3 4 5 6
Declarative (1) - .63** .24 .71** .02 -.04
Specific procedural (2) - .00 .52** .23 .09
General procedural (3) - .37* -.07 -.28
Transfer (4) - .21 .11
Prospective MS (5) - .71**
Retrospective MS (6) -

Table 6.16. Correlation coefficients between post-test measures of knowledge and
transfer and self-reported use of metacognitive skills (* p < 0.05; ** p < 0.01, one-
tailed).

In order to do justice to the initially continuous data available on
the pro- and retrospective measurements of metacognition, correlational
analysis were performed on these data. The relation between learning
success and self-reported use of metacognitive skills was explored. Re-
sults are presented in table 6.15 and table 6.16.

One result that stands out is the fact that the scores for declarative
knowledge are strongly related to those on KM model-specific procedural
knowledge. This effect is stronger in the model condition than in the no-
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model condition. Perhaps, performing the activities of the KM model
enables active use of concepts and the relations between them in the
domain of KM, which explains why the correlation is stronger in the
model condition than in the no-model condition.

The data do not support the existence of a relation between the self-
reported use of metacognitive skills and learning success. Neither self-
report measures of metacognition are related to any post-test measures
of learning. Also, when controlling for pre-test measures, no signifi-
cant correlation coefficients are found. If a significant correlation exists
between learning success and the concurrent measure of metacognition,
then hypothesis 5 can be accepted. This is investigated in section 6.3.3.3.

Hypothesis 6 concerns a significant relation between post-test mea-
sures of learning and transfer. This hypothesis is supported by the re-
sults, since all post-test measures of learning are strongly related to
results on the transfer test. KM Quest apparently triggers transfer of
knowledge. This effect is stronger in the model condition than in the no-
model condition. No differences exist however between both conditions.
Perhaps the KM model in KM Quest facilitates transfer of knowledge to
another setting even more. In the model condition, the relation between
declarative knowledge and transfer is very strong (r = 0.71). This might
again be explained by the fact that students in the model condition ac-
tively have to use declarative knowledge in order to perform activities
in the KM model. This would cause the application of this knowledge
to an alternative case to be more easy.

Finally, concerning hypothesis 7, the relation between measurements
of metacognition and transfer of knowledge, the self-report measures
do not show any significant relation with transfer. No relation exists
between the use of metacognitive skills and the ability to transfer know-
ledge to another case. Hypothesis 7 could not be confirmed with regard
to self-report measures of metacognition.

Concerning the relation between game results and post-test measures of
learning (measured at team-level), no significant correlation coefficient
could be reported. How well teams have played the game is therefore
not an indication that knowledge acquisition actually takes place.

6.3.3 Concurrent measurement
6.3.3.1 Differences between conditions in concurrent

measures

Protocol analysis was performed manually on over 17,000 chat contri-
butions of team members. The contributions covered all communication
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between team members whilst playing KM Quest, since face-to-face con-
versation was not allowed during these sessions. In table 6.17 the abso-
lute number of contributions in both conditions is given. The category
‘Meta’ represents the aggregated variable for the use of metacognitive
skills (see page 112). Its value was calculated by summing up the scores
of all metacognitive activities that were defined in the coding scheme.
This value was calculated for GROUP, TOOL and KM separately.

Cog Tas Meta Total
No model condition GROUP 1037 200 1180 2417

TOOL 108 29 20 157
KM 1796 266 929 2991
Total 2941 495 2129 5565

Model condition GROUP 2138 601 3450 6189
TOOL 195 94 100 389
KM 2647 483 1909 5039
total 4980 1178 5459 11617

Total 7921 1673 7588 17182

Table 6.17. Absolute number of contributions over several categories of the coding
scheme in both conditions.

Students in the no-model condition on average make 241.96 contribu-
tions (SD = 72.44). The absolute number of contributions per student
in this condition varies from 154 to 378. In the model condition, stu-
dents make on average 505.09 contributions (SD = 221.51). The range
of contributions per student in the model condition varies from 177 to
960. It appears that in the model condition twice as many contributions
are made as in the no-model condition . No outliers or extremes are
present in the data set for the total amount of contributions made.

First, the relation between the total number of contributions per team
member and results on the post-tests was investigated. For this, a cor-
relation analysis was performed. No significant relations exist.

Next, both conditions are compared. The total number of contribu-
tions per condition is normalised. As a consequence, each condition rep-
resented 50% of the total amount of contributions made (see table 6.18).
Several significant differences exist between the average percentage of
remarks in specific categories across conditions. Students in the model
condition score significantly higher on G TASK than students in the
no-model condition (T = -1.74, p < 0.05). The students in the model
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Cog Tas Meta Total
No-model condition GROUP 9.32 1.80 10.60 21.72

TOOL 0.97 0.26 0.18 1.41
KM 16.14 2.39 8.35 26.87
Total 26.42 4.45 19.13 50.00

Model condition GROUP 9.20 2.59 14.85 26.64
TOOL 0.84 0.40 0.43 1.67
KM 11.39 2.08 8.22 21.69
Total 21.43 5.07 23.50 50.00

Total 47.85 9.52 42.63 100.00

Table 6.18. Percentage of contributions over several categories of the coding scheme
in both conditions (Bold indicates a significant difference).

condition also score significantly higher on G META (T = -2.52, p <
0.05) than students in the no-model condition. Students in the no-model
condition score significantly higher on KM COG (T = 2.58, p < 0.01)
than students in the model condition. These results indicate that the
group process in learning, for example, asking approval or asking ques-
tions to other team members, is more present in the model condition
than in the no-model condition. Also, it appears that in the model con-
dition, students make more metacognitive contributions, compared to
students in the no-model condition who make more cognitive remarks.

In order to explore the data further, both conditions were compared
regarding the use of specific metacognitive skills. It turns out that stu-
dents in the model condition make more contributions in the following
categories: G PLAN (T = -6.32, p < 0.01) and G MONG (T = -4.14,
p < 0.05). No other significant differences exist. Typical contributions
in G PLAN are “And now, people?” or “Let’s continue?” and “Please
tell me, what shall we do?”. Typical contributions in G MONG are
“Something like this?”(asking whether one agrees upon the content of a
step in the KM model), “Yes, I have read this” (in response to a direct
question concerning a contribution to a KM model step) and “Dave, do
you agree with this?” (again about agreeing on the content of a KM
model step).

These data indicate that students in the model condition make more
contributions that focus on the regulation of the task model in contrast
to content (domain) regulation. The fact that students in the model
condition score higher on G TASK, G PLAN and G MONG supports
this explanation. These students were instructed to complete all steps of
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the KM model. The learning environment possibly requires a different
type of regulation in the two conditions. This is explored further in the
next two sections.

6.3.3.2 Effects of condition and metacognition

The General Linear Model (GLM) repeated measures procedure was
used in order to test the hypothesized interaction effect between con-
dition and use of metacognitive skills (hypotheses 3 and 4). This is
the same procedure as was used for testing the hypothesized interac-
tion effect concerning the self-report measures of metacognition (see
section 6.3.2.2). Independent variables were condition and the concur-
rent measures of metacognition (G META and KM META). The meta-
cognitive contributions related to the TOOL category were discarded
since they did not occur frequently. Dependent variables were the pre-
and post-test measurements for declarative, general and KM model-
specific procedural knowledge. A MANOVA was used for analysis of
the transfer scores. Only within-subject effects or between-subject ef-
fects that include metacognition are reported since the other effects have
already been discussed at length in the earlier sections of this chapter.

No within-subject interaction effects exist nor between-subject inter-
action effects. Since the latter are hypothesized, table 6.19 gives the
actual F and p-values. These results indicate that with regard to the
concurrent measure of metacognition no interaction effect between con-
dition and metacognition exists. The data do not support hypotheses 3
and 4.

One main effect of KM META can be reported though. Students in
the KM META+ group score higher on specific procedural knowledge
than students in the KM META− group (F = 4.06, p = 0.05). Students
in the KM META− group score initially 0.46 (SD = 0.15) on KM model-
specific procedural knowledge in the pre-test. In the post-test they score
0.61 (SD = 0.13). Students in the KM META+ group initially score 0.50
(SD = 0.18) on the pre-test and on the post-test they score 0.65 (SD =
0.14). No effects of G META exist.

6.3.3.3 Correlation between learning and all measures of
metacognition

A partial correlation analysis was performed in order to investigate
the relation between the prospective, concurrent and retrospective mea-
sures of metacognition and the results on the knowledge tests (post-test)
for the individual conditions. Pre-test scores of learning measures were
partialed out. This method gives additional insight into the data with
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Condition * Metacognition G META KM META
Declarative F = 0.00 p = 0.95 F = 0.01 p = 0.92
Specific procedural F = 0.37 p = 0.55 F = 0.13 p = 0.72
General procedural F = 2.62 p = 0.11 F = 0.00 p = 0.99
Transfer F = 0.06 p = 0.81 F = 0.64 p = 0.43

Table 6.19. F-value and significance of between-subject interaction effects between
condition and metacognition for declarative, specific and general procedural know-
ledge and transfer.

respect to the previous analyses since the continuous variables for meta-
cognition were used (see also section 6.3.2.2).

In the model condition no significant correlations exist between cate-
gories of the coding scheme, self-report measures of metacognition and
learning results. In the no-model condition a positive significant cor-
relation exists between KM COG and transfer (r = 0.45, p < 0.05).
In the same condition, a positive significant correlation exists between
G META and declarative knowledge (r = 0.50, p < 0.05) and between
KM META and KM model-specific procedural knowledge (r = 0.37, p <
0.05). The self-report measures of metacognition do not correlate with
concurrent measures of metacognition in either condition.

The analysis of variance presented in section 6.3.3.2 shows a main
effect of KM META on model-specific procedural knowledge. The cor-
relational analysis shows a positive correlation between KM META and
this type of knowledge but only in the no-model condition. Thus the
correlation analysis points in the same direction as the findings of the
analysis of variance. This partly supports hypothesis 3 and 4 that posit
an interaction effect between the use of metacognitive skills and learning.

The other two significant correlation coefficients cannot be related to
the outcomes of the analysis of variance in the previous section since
no main effects are found for G META on declarative knowledge. The
relation between KM COG and transfer was not subject to analysis in
the GLM. One explanation for this is that in the analysis of variance,
the independent variables for metacognition were transformed from a
‘naturally occurring’ continuous variable into a dichotomous variable
which results in loss of information compared to the correlation analysis.

In the previous section it was suggested that the nature of the meta-
cognitive skills used in either condition could be different. In section
6.3.3.1 some evidence was found that students in the model condition
mainly use metacognitive skills to regulate the use of the KM model in
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order to solve problems. This is not related to knowledge acquisition as
is shown in this section. Students in the no-model condition use meta-
cognitive skills to regulate the learning process. For them, the use of
metacognitive skills is related to knowledge acquisition.

Hypothesis 5 states that concurrent measures of metacognition such
as protocol analysis are more related to learning than indirect measures.
The results of this study partly support this hypothesis. It appears that
both measures of metacognition from the protocol analysis (G META
and KM META) are significantly related to learning success but only in
the no-model condition. When the KM model is present in the learning
environment, no such correlations exist.

Hypothesis 7 concerns a positive relation between metacognition and
transfer. The results concerning this hypothesis are presented in detail
in figure 6.5.

This study cannot confirm that a relation exists between concurrent
measurement of metacognition and transfer. Instead, in the no-model
condition, the amount of discussion related to cognitive activities (KM
COG) appears to positively influence transfer. Also, the amount of meta-
cognitive contributions (either G META or KM META) that students
make in their communication is positively related to the acquisition of
knowledge. Earlier (see table 6.15) it was shown that knowledge ac-
quisition is related to the ability to transfer knowledge in the no-model
condition. It appears that the use of metacognitive skills is not directly
related to transfer but that knowledge acquisition mediates or influences
this relation.

In the model condition no relation is found between any category of
the coding scheme and the types of knowledge assessed with KMQUEST-
ions and the transfer test. Concurrent measurement of (meta)cognitive
activities is not related to learning. The relations between the differ-
ent types of knowledge in this condition have already been presented in
table 6.16 on page 129.

6.3.4 Additional measures
In order to gain insight into differences in how students use KM quest

in both conditions, ANALOG was used to analyse the content of the log
files. In table 6.20 the average percentage of time spent on important
elements per student was calculated. The element ‘Other’ represents
activities such as Help and spending time in the start page of KM Quest
(Office). Students in the model condition spend almost twice as long
playing KM Quest as students in the no-model condition (respectively
5 hours, 29 minutes and 22 seconds versus 3 hours, 52 minutes and 32
seconds).
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Figure 6.5. Relations between metacognition, learning and transfer in the no-model
and model condition (solid lines represent positive significant correlations whereas the
dotted line represents the lack of a significant correlation).
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A t-test was used in order to compare the amount of time spent in each
condition on the elements of KM Quest. Elements that are indicated in
bold in table 6.20 indicate that a significant difference exists between
the conditions.

No-model Model
Mean % of time spent

Chat 44.30 11.40 23 13.68 4.84 23
Newspaper 3.74 1.28 23 2.26 1.29 23
Feedback 1.48 1.01 23 1.19 0.96 23
History 1.28 0.87 23 1.09 0.97 23

KM Dictionary 0.53 0.65 23 0.27 0.38 23
Visualization handbook 1.94 2.01 23 0.54 0.68 23
Coltec 0.84 0.96 23 1.15 0.82 23
Interventions handbook 17.35 5.47 23 2.98 3.94 23
Indicator handbook 1.04 0.73 23 2.12 1.10 23
KM handbook 3.03 2.73 23 0.61 0.97 23

Visualizations 9.26 4.75 23 2.68 2.61 23

FOCUS 0.00 0.00 23 34.29 15.48 23
ORGANISE 9.13 12.37 23 17.00 9.64 23
IMPLEMENT 3.07 1.10 23 4.19 2.48 23
MONITOR 0.00 0.00 23 13.01 4.46 23

Other 3.00 1.18 23 2.95 1.80 23

Table 6.20. Mean percentage of time per student spent on several elements of KM
Quest (Note: students in the no-model condition were forced to go through the OR-
GANISE and IMPLEMENT phase only to shortlist and effectuate interventions).

In the no-model condition chatting clearly takes up relatively more
time than in the model condition (T = 11.86, p < 0.01). Students in
the no-model condition spend over 40% percent of the game time on
chatting, against almost 15% in the model condition. In absolute num-
bers, chatting takes approximately one and a half hours in the no-model
condition against approximately 50 minutes in the model condition.

Students in the no-model condition make only about one-third of all
contributions. Although students in the no-model condition spend more
time in the chat, they make fewer contributions. This suggests that
they take more time to think. There is no indication that the length
of the contributions differs over conditions. Also, students in the no-
model condition use more time to read the newspaper than students in
the model condition (T = 4.15, p < 0.01).

As for the available support elements in KM Quest, students in the no-
model condition take more time for the following elements than students
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in the model condition: Visualization handbook (T = 3.18, p < 0.01),
Intervention handbook (T = 10.23, p < 0.01), KM handbook (T = 4.01, p
< 0.01). Students in the model condition use more time for the Indicator
handbook than students in the no-model condition (T = -3.94, p < 0.01).
Students in the no-model condition spend almost a quarter of their time
on the support elements in KM Quest, whereas students in the model
condition spend less than 10% of their time on these elements. Finally,
students in the no-model condition use the Visualizations for longer (T
= 5.83, p < 0.01).

As for the time spent in the phases of the KM model, students in the
no-model condition do not use the phases FOCUS and MONITOR since
these are not available to them. Students in the model condition spend
a lot of time in these phases, especially in FOCUS. The content of the
ORGANISE phase is different in the two conditions. In the no-model
condition it only contains the step Select interventions. In the model
condition, the step Decide on knowledge infrastructure is also available.
It appears that students in the model condition use more time to go
through both steps (T = -2.41, p < 0.05) than students in the no-model
condition for the one step. Students use comparable amounts of time to
effectuate interventions in the IMPLEMENT phase.

In conclusion, these results reveal that students in the no-model con-
dition possibly learn more efficiently because they do not have to go
through the KM model. Students in the no-model condition use almost
80% of their time (approximately 3 hours) to chat, to use the Intervention
handbook, the Visualizations and to use the ORGANISE phase. Students
in the model condition use almost 80% of their time (approximately 4.5
hours) to go through all phases of the KM model and the chat (see also
figure 6.6).

Figure 6.6. Overview of majority of time spent on game elements per condition.
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As was shown earlier in this chapter, students in the model condition
gain more KM model-specific procedural knowledge than students in the
no-model condition but they score similarly on other post-test measures
of learning and transfer. Students in the model condition mostly use
the KM model to achieve these results whereas students in the no-model
condition rely on other elements of the learning environment. Students
in the model condition need to regulate their use of the KM model
whereas students in the no-model condition do not need to do this.
When students in the no-model condition use metacognitive skills, it
has a positive effect on learning outcomes. The KM model appears to
restrain this relation.

In order to explore the data further, additional correlations were cal-
culated. Figure 6.7 gives an overview of the relation among the amount
of time spent on the elements in KM Quest, results on post-tests of
knowledge and transfer, and concurrent measurement of metacognition.
Bold arrows indicate that positive significant correlation coefficients ex-
ist whereas dotted arrows indicate that a negative significant correlation
coefficient exists.

In both conditions, a negative relation exists between the support
elements of KM Quest and learning. Apparently, spending more time in
these elements results in lower post-test results. Perhaps merely reading
information in the support elements is not sufficient for learning, but
actively using the information (i.e. in the ORGANISE phase which is
positively related to KM model-specific procedural knowledge) is.

In the model condition, spending time in the FOCUS phase of the KM
model is positively related to the use of metacognitive skills, for the IM-
PLEMENT phase a negative relation exists. In the no-model condition,
the ORGANISE phase is positively related to both knowledge acquisition
and the use of metacognitive skills. IMPLEMENT is correlated nega-
tively with knowledge acquisition. A suggestion is that players in the
no-model condition analyse the event and discuss possible ways to solve
the problem in the events in the ORGANISE phase whereas students in
the model condition are required to do this in the FOCUS phase.

Finally, it is remarkable that the MONITOR phase does not appear
to have any effect on learning and the use of metacognitive skills. In
this phase in the KM model players are required to reflect on the results
achieved in Coltec after each event and to write a yearly report in which
they reflect on the overall problem solving process after having played
four events.

In conclusion this analysis shows that only the activities belonging to
the IMPLEMENT phase are related to learning, under the condition that
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Figure 6.7. Overview of relation between time spent in elements of KM Quest, post-
test measures of learning and transfer and concurrent measure of metacognition (* p
< 0.05; ** p < 0.01).
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the KM model is not part of the learning environment. In the model
condition, none of the phases of the KM model is related to learning.

6.3.5 Overview of results
6.3.5.1 Learning and transfer

Students in both conditions significantly acquire knowledge from pre-
to post-test regarding declarative knowledge and general and KM model-
specific procedural knowledge. Only for KM model-specific procedural
knowledge do students in the model condition achieve higher post-test
scores than students in the no-model condition. Figure 6.8 shows the
results.

Figure 6.8. Overview of learning results in both conditions.

As for the relation between the post-test measures of learning and
results on the transfer test, in both conditions significant relations ex-
ist. Declarative, KM model-specific procedural and general procedural
knowledge are significantly related to transfer. The relation between
declarative knowledge and transfer is stronger in the model condition
than in the no-model condition.

6.3.5.2 Effects of metacognition
According to the self-report measures, students in both conditions re-

port using the same amount of metacognitive skills. With respect to the
concurrent measure of metacognition, students in the model condition
make more group-related task (G TASK) and metacognitive contribu-
tions (G META), especially contributions that deal with ‘planning’ and
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‘monitoring’.
Prospective self-reported use of metacognitive skills bears no relation
to learning nor do differences between conditions exist. Retrospective
self-reported use of metacognitive skills shows an interaction effect (see
figure 6.9). Students reporting infrequent use of metacognitive skills gain
more general procedural knowledge.

Figure 6.9. Overview of effects of metacognition on learning.

With respect to the concurrent measurement of metacognition, a main
effect of metacognition exists (see figure 6.9). Students who score high
on metacognition (KM META) score higher on KM model-specific pro-
cedural knowledge than students who score low on metacognition.

When the continuous concurrent variables of metacognition (G META
and KM META) are used, correlational analyses show that these mea-
sures are positively related to knowledge acquisition but only in the
no-model condition (see figure 6.5). In this condition, G META is posi-
tively related to the acquisition of declarative knowledge and KM META
is positively related to the acquisition of KM model-specific procedural
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knowledge. Spending time in the ORGANISE phase in the no-model
condition is positively related to both concurrent variables for meta-
cognition, and spending time in this phase is also positively related to the
acquisition of specific procedural knowledge. Furthermore, knowledge
acquisition is positively related to transfer. This could be interpreted as
indicating that the relation between metacognition and transfer is me-
diated by knowledge acquisition; no direct relation exists. The relation
between the time spent in the ORGANISE phase, learning and meta-
cognition could indicate the following: discussion about concepts and
relations in the domain of KM stimulates the acquisition of declarative
knowledge (positive relation between ORGANISE and declarative know-
ledge). Asking each other questions about domain knowledge stimulates
the acquisition of declarative knowledge (positive relation between G
META and declarative knowledge). Making contributions that indicate
planning and monitoring of learning behaviour stimulates the develop-
ment of intuitive task knowledge (positive relation between KM META
and KM model-specific procedural knowledge).

In the model condition, metacognition is not related to learning nor
transfer. Spending time in the FOCUS phase is positively related to
making metacognitive contributions. A possible interpretation here is
that discussion in the FOCUS phase has a metacognitive component in
terms of regulating learning behaviour but this does not lead to know-
ledge acquisition.

6.3.5.3 Construct and predictive validity of metacognition

In figure 6.10 the results concerning construct and predictive validity
of metacognition are displayed. The self-reported use of metacognitive
skills before and after task performance are strongly related in both
conditions. Concurrent measurements of metacognition are not related
to the self-report measures.

In the model condition, none of the measures of metacognition are re-
lated to learning results. In the model condition students make more
group-related task- and metacognitive contributions than in the no-
model condition. This can be an indication that in the model condition
one needs to regulate the use of the task model instead of regulating
cognitive activities at the object level.

In the no-model condition, the concurrent measures of metacognition
are related to learning results. The amount of metacognitive domain-
related contributions positively influences the acquisition of KM model-
specific procedural knowledge. Group-related metacognitive contribu-
tions positively influence acquisition of declarative knowledge. This sug-
gests that without a task model, regulation of the object-level results in
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learning. Finally, in the no-model condition, the amount of cognitive
contributions is positively related to transfer (r = 0.45, p < 0.05).

6.4 Discussion and conclusions
The central question in this final empirical study was what the added

value of the task model in KM Quest is with respect to learning and
the use of metacognitive skills. The general assumption according to
the theoretical model is that the inclusion of a task model replaces the
need to use metacognitive skills. Presenting a task model that prescribes
which cognitive activities should be used in order to solve the problem,
should positively influence knowledge acquisition. The hypotheses for-
mulated at the beginning of this study will be discussed here.

First of all students learn from KM Quest. They acquire declarative, KM
model-specific and general procedural knowledge. This result replicates
the results of the previous study described in chapter 5. Hypothesis 1
that states a learning effect on all types of knowledge is supported. Also,
students are capable of transferring their knowledge to an alternative
case. More specifically, the amount of knowledge acquired is positively
related to the ability to transfer knowledge in both conditions. This
is support for hypothesis 6 that states a relation between learning and
transfer. Students are able to apply their knowledge of KM as learned
in the Coltec case to another case that represents a different type of
company. This is a matter of near-transfer. Well-learned automated
routines such as deciding on the nature of an event appear to be easily
transferred and applied to another business case. In the model condi-
tion, the relation between learning and transfer is stronger than in the
no-model condition. Nonetheless, the scores of the transfer test do not
differ between conditions.

The presence of a model in the learning environment that prescribes
how to solve KM problems only has an added value for the acquisition of
KM model-specific procedural knowledge. Students in both conditions
significantly acquire KM model-specific procedural knowledge but stu-
dents in the model condition gain significantly higher scores than their
peers in the no-model condition. Therefore, hypothesis 2 is partially sup-
ported. However, students in the model condition take almost twice as
long to finish the game and they are heavily focused on the KM model
in contrast to the other students. Students in the model condition also
communicate a lot more than students in the no-model condition, they
write over two-third of all chat contributions.

In conclusion, constructivist learning environments such as KM Quest
enable knowledge acquisition both at the object- and the task-level. The
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Figure 6.10. Overview of construct and predictive validity of metacognition.
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inclusion of a task model specifically benefits the acquisition of task-
specific knowledge but in order to accomplish this, learners need more
time and effort in order to learn how to use such a model. The results
also suggest that in the end when no model is available, learners may
develop ‘intuitive’ task knowledge.

The retrospective self-report measure shows that metacognitive weak
students gain more general procedural knowledge, regardless of condi-
tion than students who self-report to make more use of metacognitive
skills. The ‘free-rider effect’(Kerr & Bruun, 1983) could explain this.
Weaker students with respect to metacognition may hitchhike on the
knowledge of their peers who are stronger in metacognition. The collab-
orative nature of the learning environment might reinforce this. Limited
evidence is found for this ‘free-rider’ explanation in the mutual commu-
nication where the students scoring low on metacognition very carefully
eavesdrop the students who score high on metacognition and possibly
take advantage from it.

With regard to the direct behavioural measures of metacognition, the
correlation analysis gives some support for the interaction effect as stated
in hypotheses 3 and 4. When no model is present, the use of meta-
cognitive skills positively influences the acquisition of declarative and
KM model-specific procedural knowledge. Therefore, these hypotheses
are partly supported in this study. Hypothesis 7, that states a relation
between transfer and the use of metacognitive skills, is not supported in
this study.

In conclusion, in the no-model condition, the use of metacognitive
skills is related to knowledge acquisition. This is evidence that the
meta-level regulates the object-level when the KM model is not available.
Moreover, the results indicate that without the KM model, students still
significantly acquire KM model-specific procedural knowledge. This is
an indication that learners are able to develop ‘intuitive’ task know-
ledge. These results corroborate the theoretical model which predicts
that when no task model is available, the meta-level regulates learning
at the object-level and that learners may develop ‘intuitive’ task know-
ledge.

When the KM model is included in the learning environment, stu-
dents make more group-related task and metacognitive contributions in
the chat than their peers who do not have the model available. Fur-
thermore, the amount of metacognitive contributions is not related to
knowledge acquisition. These results suggest that students regulate the
use of the KM model, which does not influence knowledge acquisition.
This represents regulation from the meta- to the task-level.
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This is some support for the theoretical model. The theoretical model
predicts that the existence of a task model replaces the use of meta-
cognitive skills in such a way that the task model regulates domain
activities (from task- to object-level). The results show that the nature
of the regulation changes when a task model is present.

With respect to the extent to which the different measurements of meta-
cognition adequately measure metacognition, this study supports the
findings of Veenman (Veenman, in press). The three methods of mea-
suring metacognition can be placed in a multi-trait-multi-method ma-
trix, more specifically they are used in an across-method-and-time de-
sign. That is, different methods of measuring metacognition are used at
different times. This design gives the strongest evidence for construct
validity if convergence between methods occurs.

With regard to the predictive validity of typical measures of meta-
cognition for learning results, this study shows that the concurrent mea-
surement is modestly related with learning success. Group-related meta-
cognitive contributions explain 14% of the variance in the acquisition of
declarative knowledge whereas KM-related metacognitive contributions
explain 25% of the variance of the acquisition of KM model-specific pro-
cedural knowledge. This only occurs if the KM model is not present
in the learning environment. The self-report measures of metacognition
show no significant association with learning measures. Therefore the
results in this study partly support hypothesis 5 but do not support hy-
pothesis 7. The results of this study are in agreement with the work of
Veenman (2001). He also finds that pro- and retrospective self-report
questionnaires for metacognition have very low predictive value for learn-
ing, whereas measures such as protocol analysis potentially predict be-
tween 20 and 80% of the variance of learning outcomes. The conclusion
is that although protocol analysis is quite labour intensive, it remains
the best method for measuring metacognitive skills when one aims at
predicting learning.

In this thesis it is argued that one way of concurrently measuring
the use of metacognitive skills is to use collaborative chat protocols. In
chapter 4 it was argued that when learners are working collaboratively,
they are forced to externalise their thoughts. Moreover, articulating
knowledge to peer learners could induce the use of metacognitive skills.
This was taken as an indication that chat protocols can give sufficient
insight into the metacognitive behaviour of learners.

The results of this study show that prospective and retrospective
measurements do not correlate with the concurrent measure of meta-
cognition. This lack of concordance suggests that one needs to be careful
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interpreting the results on metacognition. Two factors play a role: the
timing of the measurement (concurrent versus non-concurrent) and the
extent to which the measure objectively measures behaviour (indirect
versus direct). Each of these factors could explain why the measures do
not correlate.

In conclusion, this chapter shows that the theoretical model about learn-
ing to solve problems is supported by empirical results.



Chapter 7

CONCLUSIONS

7.1 Introduction
The main aim of this research project has been to investigate the role

of metacognition in learning to solve problems in a constructivist learn-
ing environment. The starting point for this research is the theoretical
model as introduced in chapter 2 (figure 7.1). This model predicts that
learning takes place in two ways, depending on whether a task model is
available.

Figure 7.1. Theoretical model of problem solving.
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When no task model is available, the assumption is that learning
occurs through the application of metacognitive knowledge and skills
directly to the object-level. This results in the regulation of the execution
of cognitive activities. In that way the application of metacognitive
knowledge and skills leads to learning how to solve problems. This is in
line with the literature concerning the positive effects of metacognition
on learning. In some cases, a learner may develop knowledge that is
not only relevant for learning to solve a specific problem, but also for
the class of problems. This represents the development of (intuitive)
task-knowledge and related methods.

The existence of a task model at the task-level makes that meta-
cognitive skills are deemed less important for learning. The task model
takes over the role of the meta-level. The task model represents an oper-
ationalisation of metacognitive knowledge and skills for a class of tasks.
It contains task-specific knowledge and the control mechanism in order
to use that knowledge and it identifies relevant cognitive activities that
support learning to solve problems at the object-level. Learning to use
this model results in the acquisition of both domain and task-knowledge.
From the theoretical model we can conclude that the addition of a task
model to a learning environment could have a positive effect on know-
ledge acquisition.

In the introduction (chapter 1) three research questions were identified
which were investigated in the empirical studies in chapters 4, 5 and 6.
The research questions are:

1 To what extent do simulation-games support learning to
solve problems in the constructivist paradigm?

2 What is the role of metacognitive skills in learning to
solve problems in simulation-games?

3 What is the added value of a task model as a form of
instructional support for learning to solve problems in a
simulation-game?

7.2 Learning to solve problems
With regard to the first research question the assumption is that KM

Quest facilitates meaningful learning because students are required to
actively use concepts from the domain of KM in the simulation-game in
order to learn to solve KM problems. This should result in the acquisi-
tion of declarative and procedural knowledge.

According to the theoretical model, declarative knowledge is situated
at the object-level. Procedural knowledge concerns knowledge of the
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KM model and its control structures. It exists both at the object- and
the task-level of the theoretical model. In study II and III (chapters 5
and 6) the results reveal that students who play KM Quest significantly
acquire both declarative and procedural knowledge.

Meaningful learning is a necessary condition for transfer. Initially
weak evidence is found that transfer of knowledge occurs. Students are
able to apply their knowledge and skills learned in KM Quest to another
similar case (study I in chapter 4). In the last empirical study (chapter
6) the results give a much clearer indication that transfer of knowledge
occurs as a result of playing KM Quest. Furthermore, in this study the
ability to transfer is positively related to knowledge acquisition.

The conclusion with regard to the first research question is that all stud-
ies reported in this thesis support the view that simulation-games, such
as KM Quest, enable meaningful learning and transfer. This finding
is somewhat contrary to the literature referred to earlier in this thesis
about the effects of simulations and games on learning. One possible
explanation for the fact that we do find learning effects of a simulation-
game is related to the notion of ‘exploratory’ learning.

Most of the literature about the effects of simulations on learning
concerns inductive (scientific) discovery simulations. Learning in such
environments is mainly exploratory. Students are free in deciding which
hypotheses to test and which experiments to conduct. Learning is a rel-
atively ‘unguided’ process. The rather sparse literature about the effects
of games on learning shows that learning is only effective if sufficient in-
structional support is added to the environment (Leemkuil et al., 2003).
The review study of de Jong and van Joolingen (1998) also states that
support for learning in such environments is a prerogative. This makes
learning a much more guided process.

Learning in KM Quest is in fact a guided process. Support elements
that are thought to positively influence learning are the KM model, the
additional information in the handbooks, the feedback mechanisms and
the monitoring facilities. The results of study III in chapter 6 however
show that the effect of the KM model is limited with respect to learning
effects. Students who have the model available acquire more model-
specific knowledge than students who did not have the model available.
But, students who play KM Quest without the KM model also acquire
a significant amount of KM model-specific knowledge. No differences
existed for the other types of knowledge nor transfer. Additionally, the
other support elements are correlated negatively with learning success.
Thus, the learning success in KM Quest cannot be attributed to the
support elements embedded in the game.
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Another perhaps more valid explanation that students learn from KM
Quest concerns the fact that the learning environment enables active
knowledge construction. First, in KM Quest this is supported by col-
laboration. Collaborative learning requires learners to work together,
to articulate their ideas, to discuss conflicting views and to negotiate
meaning. Collaborative learning can positively influence knowledge ac-
quisition (van der Linden, Erkens, Schmidt & Renshaw, 2000). Second,
in KM Quest the problems in the form of events are embedded in realis-
tic case material. The behaviour of the fictitious company is simulated
by a Business Model. Students are required to enter into the role of a
knowledge manager of this company. Third, KM Quest enforces a rather
goal-driven attitude of learners. The students are instructed to manage
the knowledge household of Coltec as well as possible. The events de-
mand a solution, which requires goal-oriented behaviour. In conclusion,
being engaged in a constructivist simulation-game supports meaningful
learning.

7.3 Role of metacognition

Concerning the role that metacognition plays in learning to solve prob-
lems, two different methods were used in order to measure the use of
metacognitive skills in KM Quest: an indirect self-report questionnaire
and a direct behavioural measure. Each of these measures gives a dif-
ferent view on the role of metacognition.

With respect to the indirect measure, the scale ‘Metacognitive self-
regulation’ of the MSLQ was used, which measures the self-reported
use of planning, monitoring and regulation strategies on a six-point re-
sponse set. Across all the empirical studies the average is rather stable,
ranging between 3.85 and 3.92, regardless of whether it was measured
prospectively or retrospectively. This indicates that respondents are only
marginally positive towards using metacognitive skills in KM Quest or
using these skills in general.

As for the effects of metacognition on learning, in the third study
the results indicate that students who self-report the less frequent use of
metacognitive skills gain more general procedural knowledge. This result
is found with the dichotomized variable for metacognition. The finding
could be an artefact of a collaborative learning environment. Weaker
students in terms of self-reported metacognition could ‘free-ride’ on the
knowledge of their peers communicated in the chat and thus have gained
more knowledge without having to put in the effort (Kerr & Bruun,
1983).
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When taking the more fine-grained, continuous variables for self-reported
metacognition, none of the studies show a correlation with learning re-
sults.

In order to obtain a direct behavioural measure of metacognition, in
the third study protocol analysis was performed. For this purpose, chat
protocols of teams were scored with a coding scheme that distinguishes
group- and domain-related metacognitive activities (G META and KM
META). Approximately 20% of the communication of the teams is meta-
cognitive in nature.

Regardless of the presence of the KM model, the results show that
the use of domain-related metacognitive activities is related to the ac-
quisition of knowledge, more specifically, to the acquisition of model-
specific knowledge. This implies that metacognitive skills are important
for developing knowledge about a systematic approach to solving KM
problems.

Limited evidence is presented that suggests that the nature of regu-
lation changes when a task model is added to a learning environment.
When a task model is present, students make more group-related con-
tributions that indicate regulation of task activities, planning and mon-
itoring. These contributions are aimed at regulating the use of the task
model. Also, there is a strong relation between metacognitive contribu-
tions and time spent in the FOCUS phase in the KM model. This is
however not related to learning. This suggests that regulation mostly
takes place in the FOCUS phase of the KM model and that it is aimed
at regulation of the use of the task model. This is in line with the
predictions of the theoretical model.

When no model is present in the environment, metacognitive skills
are mainly used in the ORGANISE phase in which discussions about
the choice of interventions take place. This results in the acquisition of
declarative knowledge. Here metacognitive contributions are related to
learning. In fact, the use of group-related metacognitive contributions
result in the acquisition of declarative knowledge and domain-related
metacognitive contributions lead to the acquisition of (intuitive) model-
specific procedural knowledge. These results are also in line with the
theoretical model. It predicts that when no task model is available,
metacognitive skills are related to knowledge acquisition and that one
may develop intuitive task knowledge.

With respect to the second research question of this thesis we can con-
clude that there is evidence that metacognitive skills matter in achieving
optimal learning results in constructivist simulation-games. This rela-
tion is only observed in the data of the direct behavioural measures
and not the indirect self-report instruments. Thus, although direct be-
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havioural measures prove to be quite a labour-intensive way of collecting
data, this method remains to be preferred over self-report questionnaires
when a predictive quality for learning is deemed important.

The empirical studies of this research project indicate that the self-
report measures do not correlate with the protocol measures of meta-
cognition. Three factors play a role in interpreting these results. First
one has to take the timing of the measurement into account (concurrent
versus non-concurrent). Second, the nature of the measurements differs
(indirect versus direct). And third, the concurrent measure is indeed an
individual measure but it is taken in a collaborative context. The lack of
concordance in this study is difficult to interpret. Future work concern-
ing metacognition could be related to effects of collaborative learning
versus individual learning.

Future studies could check the assumptions put forward in this thesis
concerning the processes measured by the MSLQ and protocol analysis.
It could also be investigated to what extent differences exist between
individual and socially-shared metacognition. Research in this area is
scarce (Iiskala, Vauras & Lehtinen, 2004). The effects of a collaborative
setting on metacognition might turn out to be in line with the ideas of
distributed cognition, especially in technology-rich environments (Hol-
lan, Hutchins & Kirsh, 2000). Researchers in this area argue that in
groups, cognitive processes may be distributed (Salomon, 1993). In that
sense, it is very likely that metacognitive processes are distributed across
team members and that one team member may take up the role of the
‘reflector’. Future research could also shed light on the perhaps related
‘free-rider’ phenomenon.

7.4 The value of a task model

Regarding the third and last research question, the added value of
the task model is investigated by contrasting a no-model with a model
condition in the third empirical study. The benefit of the task model
for knowledge acquisition is that students in the model condition reach
higher scores for KM model-specific knowledge than students in the no-
model condition. Students in both conditions do not differ from each
other on the other types of knowledge nor on the transfer test. However,
students in the model condition take almost twice as long in the game
environment as students who do not have the model available. This
additional time is mostly spent in getting to know the model and in
learning to use it for solving problems. In conclusion, the task model
only has a limited influence on knowledge acquisition in KM Quest, and
it requires high investments of time and effort.



Conclusions 155

Another effect of the task model that is suggested by the results is that
it replaces the need to use metacognitive skills. The correlational results
in study III (chapter 6) shows that when the task model is present in KM
Quest, metacognitive activities are not related to learning. When the
model is not available, metacognitive activities are related to knowledge
acquisition. These results support the theoretical model.

KM Quest represents a simulated reality of one typical business case.
The ultimate benefit of the KM model may have to be proven in real-
life situations in which much more multi-facetted KM problems exist.
Having a systematic approach to solving such problems should ideally
benefit not only how one deals with these problems but also the quality
of the solution found. This is worth further investigation.

Another line of research could focus on transforming the task model
into a learning model. Instead of prescribing how a particular class
of problems should be solved by identifying relevant problem solving
activities, such a learning model could indicate the rationale for the dis-
tinguished problem solving activities. This could include giving insight
into the benefit of specific activities for the learning and problem solving
process and indicating what one could learn from a typical activity in
the light of the overall problem solving process. In that sense the task
model is transformed into a meta model. Then, students might possibly
be more inclined to develop their own (intuitive) task model.

In conclusion, this thesis has shown the importance of identifying a
task-level in the learning and problem solving process. The fact that
the empirical results can be interpreted by the introduction of a task
level gives support for the theoretical model for learning to solve prob-
lems.





Appendix A
Solving a problem in KM Quest

A.1 Introduction
Here it is described how solving a problem in KM Quest goes about. It reflects how

students can use the KM model in order to come to a set of appropriate interventions
for a particular event and how they can monitor the effects of these interventions.
The exemplary event is the following:

Underwater coatings traditionally have been used for painting ships and swim-
ming basins. An employee of Coltec has used some of these coatings for paint-
ing garden chairs and tables and her results show that this is a very effective
way of protecting this furniture in wet climates.

A.2 FOCUS phase
All steps of the FOCUS phase are depicted in figure A.1. In the FOCUS phase the

first step concerns ‘Inspect current BPI values and event’. In this step players receive
an overview of the current values of the business process indicators. The aim of this
step is to discuss relevant indicators for the current event. In this case, a relevant
indicator could be ‘level of sales based on marketing’.

The next step concerns making a choice for following the domain, process or event
path in the KM model. Specifications of these paths are described in chapter 3. It is
up to the players to decide which path fits best with the current event. Any path can
be appropriate. In this case we decide to choose the knowledge processes path which
permits an investigation of which knowledge processes are important. We could also
have chosen to focus on a knowledge department (e.g. Marketing), or we could have
discussed important characteristics of the event (e.g. external opportunity event that
is KM-related).

In the step ‘Obtain information on knowledge process and event’ a list of questions
and answers is given relevant for this event. The answers to these questions could be
relevant for interpreting the event. The questions in this case are:

Question: Is Coltec involved in the production of underwater coatings?

Answer: The production of underwater coatings started in the seventies since then,
we built up a large market share.
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Figure A.1. The FOCUS phase in KM Quest.

Question: What are the margins of profit on underwater coatings?

Answer: Margins of profit on these products are at the average level compared of
other products of Coltec.

Question: Is there a large market for coatings to paint and preserve garden chairs?

Answer: The marketing department has laid hands on reports of companies that
are making garden furniture. It shows that sales levels of wooden chairs have gone
up drastically in the last years, especially in Western Europe.

What we learn from these answers is that Coltec produces underwater coatings
and that it could be beneficial for Coltec’s market share and profit to market these
coatings for a different type of product than originally planned for.

The next step concerns ‘Determine focus on knowledge processes in domains’.
In this step we make a choice for a particular knowledge process in a particular
domain that is relevant for this event. In this case we focus on knowledge gaining
in the marketing department. Knowledge gaining in marketing involves getting new
knowledge from outside Coltec. This could concern, for instance, customer preferences
for using underwater coatings. With this knowledge an effective marketing campaign
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could be set up. Properties that belong to knowledge gaining are speed, efficiency
and effectiveness.

The next step concerns ‘Determine focus on knowledge processes between domains’.
This mainly concerns the knowledge process transfer which we do not find relevant
for this particular event.

The final steps in the FOCUS phase concern setting business (BPI) and knowledge
process indicator objectives (KPI). This is done in the steps ‘Determine desired BPI
values’ and ‘Determine desired KPI values’. In these steps, players select the business-
and knowledge-related indicators determined in previous steps in the FOCUS phase
and target which values they want to achieve in coming quarters. In this case we focus
on ‘Level of sales based on marketing’ (was 698, target is 1000 in the 3rd quarter)
and the speed, efficiency and effectiveness of knowledge gaining in the marketing
department (respectively from 6.30 to 8 in the 4th quarter, 6.44 to 8 in the 4th
quarter and 6.54 to 8 in the 4th quarter).

A.3 ORGANISE phase

Figure A.2. The ORGANISE phase in KM Quest.

All steps of the ORGANISE phase are depicted in figure A.2. In the ORGAN-
ISE phase the first step concerns ‘Inspect knowledge infrastructure’. In this step we
need to formulate an hypothesis about the effects of types of interventions on know-
ledge domains and processes. In this case we suppose that ‘Interventions that aim
at co-operation with partners, implementation of new projects, or hiring services’
and ‘Interventions that aim at recruiting and hiring people’ could be beneficial for
knowledge gaining in the marketing department.

Then in ‘Select interventions to reach your goals’ we shortlist interventions that
we think are appropriate for this event. In this case we choose ‘Contract marketing
agencies on a regular basis to learn customers’ priorities and competitors‘ advances
in products and services’ which costs 80.000 Euro. We also choose ‘Hire a high class
expert with new marketing knowledge on a permanent basis’ that costs 70000 Euro.
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Figure A.3. The IMPLEMENT phase in KM Quest.

A.4 IMPLEMENT phase
All steps of the IMPLEMENT phase are depicted in figure A.3. In the step ‘Imple-

ment interventions’ all three team members vote upon the list of interventions that
was chosen in the previous step. When all team members vote positively, a quarter
change takes place.

A.5 MONITOR phase

Figure A.4. The MONITOR phase in KM Quest.

All steps of the MONITOR phase are depicted in figure A.4. After the quarter
change has taken place, it is time to inspect what the effects of the interventions are
on the knowledge household of Coltec. We can do this in the step ‘Monitor changes in
the business and draw conclusions from what you’ve seen’. We choose the Marketing
department to inspect the status of the indicators for which we have set a particular
target. In this case we see that for each targeted indicator, its status has increased
but in none of the cases the target value has been reached. We conclude that we
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need to take further actions in order to reach our targets. In order to check whether
we have chosen the right interventions, we turn to the new event that is now present
in the newspaper. Along with the new event, feedback about the previous event is
given. It turns out that our interventions were correct, but we could have taken a
more proactive attitude towards Coltec by choosing more interventions that improve
its knowledge household.





Chapter 8

SUMMARY

In the world of education, the currently prevailing paradigm is con-
structivism. This learning theory states that knowledge construction is
an active process in which self-regulation and reflection are important.
Games and simulations fit well with this paradigm because players are
able to explore and experiment in a realistic setting. Several empirical
studies however indicate that learning is not optimal in such environ-
ments. This mainly appears to be due to the fact that learners are not
sufficiently guided in their learning process. The question is what kind
of support one could add to a constructivist environment, that focuses
on learning to solve problems, to make learning more effective. It is
proposed to use a systematic approach to problem solving in the form of
a compiled task model. Research has shown that the inclusion of such a
task model could enhance knowledge acquisition and regulation of learn-
ing. The main aim of this research project is to investigate the role of
metacognition in learning to solve problems in constructivist learning
environments.

In chapter 2 the theoretical foundation is described that underpins the
empirical studies of this research project. It concludes with a theoretical
model that predicts how learning to solve problems occurs.

In the theoretical model, three levels are distinguished. These are the
object-, task- and meta-level. The object-level is domain-dependent. It
consists of domain-specific knowledge and cognitive activities related to
it. A learner who is not aware of higher levels in the problem solving
process than the object-level only has a limited control over the reasoning
process. When a learner is aware of higher levels, cognitive activities
can be ordered in such a way that they represent a systematic approach
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to learning to solve problems. This approach comes close to the methods
described at the task-level.

The task-level consists of task knowledge and methods. Task know-
ledge is concerned with knowledge about various classes of generic tasks.
For generic tasks different task structures exist that decompose them into
subtasks and activities. The activities are executed at the object-level.
This decomposition of a task is called the method. The method thus
concerns all relevant activities and the control mechanisms in order to
achieve the task goal. The method resembles the notion of compiled
task models.

The highest level in the problem solving process is the meta-level.
This is a generic level that is domain-independent. It consists of meta-
cognitive knowledge and skills. Metacognitive knowledge in this model
involves knowledge that classes of tasks exist and that problem solving
methods exist for those classes. It also contains knowledge about when
and how to use problem solving strategies. The regulatory component
of metacognition concerns domain-independent metacognitive skills that
deal with monitoring and controlling the problem solving process in a
generic way. Metacognitive skills distinguished in the theoretical model
are: Reflecting on the nature of a problem, Comprehension monitoring,
Predicting consequences of activities, Planning, Monitoring, Checking
plausibility and Evaluating the problem solving process.

Two ways of learning are predicted in the theoretical model, depend-
ing on whether a task-level is present. When this level is not present, a
learner applies metacognitive knowledge and skills directly to the object-
level. This results in the execution of cognitive activities relevant for
solving a specific problem. Through the process of generalisation, learn-
ers may develop their own generic task knowledge and methods based
upon the cognitive activities. When no task-level is present, the use of
metacognitive skills can have a lot of impact on learning because learners
have no choice but to use their metacognitive skills, if available.

The presence of a task-level takes over the function of the meta-level.
In that case, learners may internalise task knowledge and methods to
such an extent that it is used automatically when problems from the
same class occur in the future. Instead of using any cognitive activity at
any time, learners may then be acquainted with a compiled task model
specific for the class of problems that helps them in regulating their
learning and problem solving process.

The main corollary of the theoretical model is that including a task
model in a constructivist learning environment could provide sufficient
support to the learner how to go about solving a difficult problem. Given
that learning effects of games and simulations are suboptimal, this might
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be an improvement.

In chapter 3 a learning environment for the domain of Knowledge Man-
agement (KM) is described that permits empirical investigation of the
theoretical model. An exploratory feasibility study on a paper version of
the environment showed that a gaming approach could elicit appropriate
behaviour for learning to solve KM problems.

The final learning environment is called KM Quest. In KM Quest,
players are asked to manage the knowledge household of a fictitious
company called Coltec. This company produces adhesives and coatings.
During a number of quarters in the life of Coltec various events take
place. Events are incidents that represent a threat or an opportunity
to Coltec. It is up to the players, who are organised in teams of three
members, to react to these events, given their objectives concerning the
status of the knowledge household of the company.

The behaviour of Coltec is simulated by a Business Model (BM). This
business model consists of both knowledge and business indicators such
as the speed of knowledge gaining in the Marketing department or the
number of patents pending. Teams can react to events by choosing
interventions. Interventions represent solutions for the KM problems
described in the events. Interventions positively affect the status of
the indicators of the BM. It is up to the players to decide on a set of
interventions that counteracts the effects of the events in order to achieve
their objectives.

The KM model is part of the game in order to support a systematic ap-
proach to problem solving. This model gives a cyclic, normative view on
how KM problems can be solved. This model comes close to the notion
of the task model as discussed in the theoretical model in chapter 2. The
KM model consists of four phases: FOCUS, ORGANISE, IMPLEMENT
and MONITOR. Each phase is decomposed into subtasks and activities
relevant for that particular phase. In the FOCUS phase an analysis of
the knowledge household is made and business and knowledge objectives
are stated. In the ORGANISE phase hypotheses are formulated concern-
ing the effects of types of interventions on the knowledge household of
Coltec and interventions are shortlisted. In the IMPLEMENT phase the
interventions are implemented and in the MONITOR phase the effects of
the interventions are evaluated.

In chapter 4 the results of the pilot study on KM Quest are described.
This is an exploratory study since the intended functionality of the
simulation-game was not yet fully implemented. The two research goals
that guide this study are: (1) to explore meaningful learning and meta-
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cognition in a constructivist learning environment and (2) to develop a
concurrent measurement instrument for metacognition and to develop
an analysis tool for process measures of learning. The main hypoth-
esis is that KM Quest supports meaningful learning. Furthermore it
is assumed that metacognitive behaviour occurs in the communication
protocols of team members so that it can be annotated. This permits
the development of an alternative, concurrent measure of metacognition.

Forty-one students from the ‘Hogeschool Zuyd’ in Maastricht partic-
ipated in the pilot study in Autumn 2002. Only 27 reached the 7th
quarter in the game. Data from those who did not reach the 7th quarter
were discarded.

A ‘paper and pencil’ questionnaire was developed that measures trans-
fer of knowledge. Transfer only occurs if meaningful learning has taken
place. This questionnaire involves applying knowledge and skills learned
in KM Quest to a slightly different case (HollandSky). The use of meta-
cognitive skills was measured retrospectively, by means of the scale Meta-
cognitive self-regulation of the MSLQ. A coding scheme was developed
in order to explore whether metacognitive activities occur in the collab-
orative chat protocols.

The results of the HollandSky test indicate that there is some evidence
that students are capable of low-road transfer of knowledge. This evi-
dence however is not very strong since the open-question format results
in a lot of missing data, especially in the post-test. Furthermore, the
self-report questionnaire indicates that students only marginally agree
with having used metacognitive skills in KM Quest. No significant cor-
relations exist between the transfer test and the self-reported use of
metacognitive skills.

The development of the coding scheme shows that next to cognitive
contributions, a variety of metacognitive contributions exist in the pro-
tocols which can be coded with the categories of metacognitive skills
described in the theoretical model. Furthermore the protocols show that
besides domain-related contributions, contributions related to group-
dynamics, and functionality and affordances of the game environment
exist. A final outcome of the this pilot study concerns ANALOG. The
development of this tool occurred simultaneously with the data analyses.
Its main contributions are that game sessions of teams can be replayed
and it supports annotation of the chat protocols. This analysis tool pro-
vides the opportunity to efficiently gain insight into the learning process
based on log file data.

In conclusion, the pilot study has presented the opportunity to de-
velop instruments and tools that measure learning and the use of meta-
cognitive skills in KM Quest.
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In chapter 5 the results of the second study are reported. The main
aim is to gain sufficient evidence that KM Quest enables meaningful
learning since only weak evidence is found in the pilot study. Also the
use of metacognitive skills is explored, this time prospectively.

Thirty-one students from the ‘Hogeschool Zuyd’ participated in the
study in Autumn 2003. The group was comparable to the group in the
pilot study in all respects.

An electronic test was developed that measures meaningful learning
(KMQUESTions). It consists of a large number of multiple-choice ques-
tions related to the learning goals of KM Quest, namely the acquisition
of declarative and procedural knowledge. The MSLQ was used again in
order to explore the self-reported use of metacognitive skills. This time,
it was administered before students started playing KM Quest.

The results indicate that students acquire declarative and procedu-
ral knowledge as a result of playing KM Quest. Thus, students show
that they are capable of meaningful learning in a constructivist learning
environment such as KM Quest.

The measurement of metacognition shows that students self-report
only a very low level of use of metacognitive skills in general. The scores
of this prospective measurement do not differ a lot from the retrospective
measurement performed in the pilot study. Furthermore, no relation ex-
ists between the prospective measurement of metacognition and learning
success.

The conclusions of this study are twofold. First, constructivist gaming-
simulation environments such as KM Quest can support meaningful
learning. The suggestion is put forward that this may be due to the
fact that the environment contains a task model. In order to find em-
pirical support for this, it is proposed that in the third study, a model
versus a no-model condition design is used to investigate the effects of
such a task model. Second, the question is posed whether a (prospec-
tive or retrospective) self-report questionnaire is the most appropriate
way of measuring the use of metacognitive skills. It is proposed to use
a direct behavioural measure such as protocol analysis in the third and
last study in order to gain better understanding of metacognition.

In chapter 6 the added value of the task model is investigated with
respect to meaningful learning and the use of metacognitive skills. To
that purpose two conditions were created. In the no-model condition,
students work with KM Quest that does not contain the KM model.
In the model condition students work with the standard version of KM
Quest in which the KM model is present. Several hypotheses are put
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forward. The most important one is that students in the model con-
dition outperform their peers from the no-model condition concerning
knowledge acquisition and transfer. Furthermore it is hypothesized that
students in the no-model condition compensate for the lack of the KM
model with respect to knowledge acquisition and transfer by using their
metacognitive skills insofar as they are available.

Forty-six students from the ‘Hogeschool Zuyd’ participated in this
study in Autumn 2004. They were randomly assigned to teams and
conditions. The sample was comparable to the other samples in the
previous studies.

KMQUESTions was used in order to measure knowledge acquisition.
An additional part of KMQUESTions was developed specifically to mea-
sure transfer of knowledge. Metacognition was measured in three ways:
the scale Metacognitive self-regulation of the MSLQ was used both pro-
and retrospectively and the coding scheme that was developed in study
I was taken as a starting point for performing protocol analysis, which
represents a concurrent measurement.

The results indicate that, next to the fact that students learn from
KM Quest in each condition, in the model condition students gain more
model-specific knowledge than students who do not have the model avail-
able. However, students in the model condition need almost twice as
much time in order to accomplish this result and they heavily focus on
the KM model. Students in the no-model condition also show a learn-
ing effect on model-specific knowledge. They develop an ‘intuitive’ task
model.

The results on the retrospective self-report measure suggest that the
collaborative environment might induce the free-rider effect. Students
who report infrequent use of metacognitive skills gain more knowledge.
The explanation that is put forward states that metacognitively ‘low’
students may hitch a ride on the efforts of their peers, thus gaining a lot
of knowledge from them without having to put in the effort themselves.

The concurrent measurement provides some evidence that when a
task model is present in the learning environment, metacognitive skills
are of lesser importance for knowledge acquisition. Without the KM
model, knowledge acquisition is related to the amount of metacognitive
contributions in the communication protocols. It is also suggested that
the nature of regulation changes depending on the presence of the model.
The inclusion of a task model induces the need to regulate the use of
that model instead of regulating activities at the object-level.

With respect to these different measurements of metacognition, the
results of this study imply that it would be preferable to use a direct
behavioural measurement if a relation with learning is important. The
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self-reported measurements do not correlate with any measure of learn-
ing or transfer in this study.

ANALOG was used in order to gain more insight into the learning
behaviour of students in relation to knowledge acquisition, transfer and
metacognition in KM Quest. Spending time in the support elements of
KM Quest is negatively related to knowledge acquisition, transfer, and
metacognition in both conditions. In the no-model condition, spending
time in the ORGANISE phase (which reflects choosing relevant inter-
ventions) is related to acquisition of knowledge and the use of meta-
cognitive skills. In the model condition, spending time in the FOCUS
phase is related to the use of metacognitive skills, but this does not in-
fluence learning. These results also support the view that the nature of
regulation changes depending on whether a model is present.

The conclusion of this study is that the inclusion of a task model in
a constructivist learning environment benefits knowledge acquisition to
a limited extent. The complexity of such a model may however require
learners to put in additional time and effort in order to learn how to
use such a model. These extra resources only influence the acquisition
of model-specific knowledge. In conclusion, this chapter shows that the
theoretical model of learning to solve problems is supported by empirical
results.

In chapter 7 the conclusions are formulated. The empirical studies
show that simulation-games such as KM Quest support learning to solve
problems and transfer. The explanation for this is not so much the fact
that learning is a guided process but that KM Quest enables active and
goal-driven knowledge construction. With respect to the role of meta-
cognition the conclusion is that it does affect learning to solve problems
when no task model is present in a learning environment. The added
value of a task model is that it facilitates the acquisition of task-specific
knowledge and it replaces the need to use metacognitive skills.

In conclusion, this thesis has shown the importance of identifying a
task-level in the learning and problem solving process. The fact that the
empirical results can be interpreted by the introduction of a task level
gives support for the theoretical model for learning to solve problems.





Chapter 9

SAMENVATTING

Het huidige paradigma in de wereld van onderwijs is het constructi-
visme. Deze leertheorie verklaart dat kennisconstructie een actief proces
is waarin zelfregulatie en reflectie belangrijke onderdelen zijn. Spellen en
simulaties passen goed in dit paradigma omdat spelers in staat zijn om
in een realistische omgeving te experimenteren. Verscheidene empirische
studies laten echter zien dat leren in deze omgevingen niet optimaal is.
Dit lijkt voornamelijk te worden veroorzaakt door het feit dat leerlingen
niet voldoende worden begeleid in hun leerproces. De vraag is wat voor
ondersteuning je aan deze constructivistische omgevingen zou moeten
toevoegen om leren effectiever te maken, vooral aan omgevingen die ge-
richt zijn op het leren oplossen van problemen. In dit proefschrift wordt
voorgesteld om een systematische benadering te hanteren voor het leren
oplossen van problemen in de vorm van een gecompileerd taakmodel.
Onderzoek heeft aangetoond dat het gebruik van een dergelijk model
de kennisacquisitie en regulatie van leren positief kan bëınvloeden. Het
hoofddoel van dit onderzoeksproject is om de rol van metacognitie in
het leren oplossen van problemen te onderzoeken, en wel specifiek in
constructivistische leeromgevingen.

In hoofdstuk 2 wordt de theoretische achtergrond beschreven. Dit is
de basis voor de empirische studies die voor dit onderzoeksproject zijn
uitgevoerd. Het besluit met een theoretisch model dat voorspelt hoe het
leren oplossen van problemen plaatsvindt.

In het theoretisch model worden drie niveaus onderscheiden. Dit zijn
het object-, taak- en metaniveau. Het objectniveau is domeinafhankelijk.
Het bestaat uit domeinafhankelijke kennis en gerelateerde cognitieve ac-
tiviteiten. Een leerling die zich niet bewust is van hogere niveaus dan
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het objectniveau in het proces van probleemoplossen, heeft slechts een
beperkte controle over het redeneerproces. Wanneer een leerling zich
wel bewust is van hogere niveaus dan kunnen de cognitieve activiteiten
dusdanig geordend worden dat ze een systematische benadering vormen
van het leren probleemoplossen. Dit benadert de ‘methode’ zoals die
gedefinieerd is op het taakniveau.

Het taakniveau bestaat uit taakkennis en methoden. Taakkennis be-
treft kennis over verschillende klassen van generieke taken. Voor elke
klasse van taken bestaan er verschillende taakstructuren die de taak on-
derverdelen in subtaken en activiteiten. De activiteiten worden op het
objectniveau uitgevoerd. Deze decompositie van een taak wordt ook wel
de methode genoemd. De methode is vergelijkbaar met de notie van
gecompileerde taakmodellen.

Het hoogste niveau in het proces van probleemoplossen is het me-
taniveau. Dit is een generiek niveau dat domeinonafhankelijk is. Het
bestaat uit metacognitieve kennis en vaardigheden. Metacognitieve ken-
nis in dit model betreft kennis dat generieke klassen van taken bestaan
en dat probleemoplosmethoden bestaan. Het omvat ook kennis over hoe
en wanneer probleemoplosmethoden moeten worden toegepast. De regu-
latieve component van metacognitieve betreft de domeinonafhankelijke
metacognitieve vaardigheden die zich op een generieke wijze bezighouden
met het toezicht houden op en het besturen van het probleemoplospro-
ces. Metacognitieve vaardigheden die in het model worden onderscheiden
zijn: reflecteren op de aard van een probleem, begripsregulatie, voorspel-
len van gevolgen van activiteiten, plannen, bijhouden van de status van
activiteiten, plausibiliteit toetsen en het evalueren van het proces van
probleemoplossen.

In het theoretisch model worden twee manieren van leren onderschei-
den op basis van de aan- of afwezigheid van een taakniveau. Wanneer
dit niveau er niet is, dan zal een leerling metacognitieve kennis en vaar-
digheden direct toepassen op het objectniveau. Dit resulteert in het
uitvoeren van cognitieve activiteiten die relevant zijn voor het oplossen
van een specifiek probleem. Op basis van deze cognitieve activiteiten zou
het mogelijk zijn dat een leerling kennis en vaardigheden ontwikkelt die
van toepassing zijn op de klasse van problemen in plaats van slechts op
het probleem dat voorhanden is. Op die manier zou die leerling in staat
zijn om zijn of haar eigen ‘intüıtieve’ taakkennis en methoden te ont-
wikkelen. Wanneer er geen taakniveau aanwezig is, dan kan het gebruik
van metacognitieve vaardigheden, indien zij aanwezig zijn, een grote in-
vloed hebben op het leerproces want dat is het enige raamwerk waarop
leerlingen kunnen terugvallen.
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De aanwezigheid van een taakniveau vervangt in feite het metaniveau.
In dat geval zou het mogelijk zijn dat leerlingen taakkennis en metho-
den op een dusdanige wijze internaliseren dat het automatisch gebruikt
wordt wanneer problemen uit dezelfde klasse in de toekomst voorkomen.
In plaats van het gebruik van willekeurige cognitieve activiteiten op een
willekeurig tijdstip, zullen leerlingen dan bekend raken met een gecompi-
leerd taakmodel dat specifiek is voor die klasse van problemen. Dit stelt
hen in staat om hun leer- en probleemoplosproces beter te reguleren.

De belangrijkste conclusie naar aanleiding van het theoretisch mo-
del is dat de toevoeging van een taakmodel aan een constructivistische
leeromgeving ervoor zou kunnen zorgen dat er voldoende ondersteuning
wordt geboden voor het leren oplossen van een moeilijk probleem. Gege-
ven het feit dat leereffecten van spellen en simulaties suboptimaal zijn,
kan dit een welkome verbetering zijn.

In hoofdstuk 3 wordt een leeromgeving voor het domein van Ken-
nis Management (KM) beschreven. Deze leeromgeving stelt ons in staat
om het theoretisch model door middel van empirische studies te on-
derbouwen. Een exploratieve haalbaarheidsstudie die op een papieren
versie van de uiteindelijke leeromgeving is uitgevoerd, liet zien dat een
spelbenadering adequaat gedrag uitlokt voor het leren oplossen van KM
problemen.

De uiteindelijke leeromgeving betreft KM Quest. Het doel in KM
Quest is dat teams van spelers de kennishuishouding van een fictief be-
drijf zo optimaal mogelijk beheren. Dit bedrijf heet Coltec. Het pro-
duceert plakmiddelen en deklagen. Gedurende een aantal kwartalen in
het leven van Coltec komen gebeurtenissen voor. Dit zijn incidenten die
een bedreiging of een kans representeren. Het is aan de spelers om op
deze gebeurtenissen te reageren in het licht van de doelen die zij hebben
gesteld voor de kennishuishouding van het bedrijf.

Het gedrag van Coltec wordt gesimuleerd door een BedrijfsModel
(BM). Dit model bestaat uit zowel kennis als bedrijfsindicatoren zo-
als de snelheid van kennisopname in het Marketing departement of het
aantal patenten dat ophanden is. Teams kunnen reageren op de gebeur-
tenissen door interventies te kiezen. Interventies zijn oplossingen voor
de KM problemen. Ze hebben een positieve invloed op de status van
de indicatoren van het BM. Het is aan de spelers om een set van inter-
venties te kiezen die de gevolgen van een gebeurtenis teniet doet en die
tegemoetkomt aan de gestelde doelen.

Het KM model is onderdeel van het spel om een systematische be-
nadering van het leren probleemoplossen te ondersteunen. Het model
geeft een cyclische en normatieve blik op hoe KM problemen opgelost
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kunnen worden. Dit model is vergelijkbaar met de notie van een taak-
model zoals beschreven in het theoretisch model in hoofdstuk 2. Het
KM model bestaat uit vier fasen: FOCUS, ORGANISE, IMPLEMENT en
MONITOR. Elke fase is onderverdeeld in subtaken en activiteiten die
relevant zijn voor die fase. In de FOCUS fase wordt een analyse van
de kennishuishouding gemaakt en worden de doelen met betrekking tot
bedrijfs- en kennisindicatoren geformuleerd. In de ORGANISE fase kan
men hypothesen formuleren ten aanzien van de effecten van typen inter-
venties voor de kennishuishouding van Coltec. Ook maakt men hier de
keuze voor interventies. In de IMPLEMENT fase worden de interventies
gëımplementeerd en in de MONITOR fase worden de effecten van de in-
terventies geëvalueerd.

In hoofdstuk 4 worden de resultaten van de pilotstudie op KM Quest
beschreven. Het betreft een exploratieve studie omdat de beoogde func-
tionaliteit van dit simulatiespel nog niet volledig gëımplementeerd was.
Twee onderzoeksdoelen leiden de studie: (1) het exploreren van beteke-
nisvol leren en metacognitie in een constructivistische leeromgeving en
(2) het ontwikkelen van een concurrente maat voor metacognitie en het
ontwikkelen van een analyse-instrument om inzicht te krijgen in proces-
maten van leren. De eerste hypothese is dat KM Quest betekenisvol
leren ondersteunt. De tweede hypothese is dat metacognitieve activitei-
ten voorkomen in de communicatieprotocollen van teamleden. Dat zorgt
ervoor dat er een alternatieve concurrente maat ontwikkeld kan worden
om metacognitie te meten. Eenenveertig studenten van de Hogeschool
Zuyd te Maastricht deden mee aan de pilotstudie in de herfst van 2002.
Slechts 27 studenten bereikten het zevende kwartaal in het spel. Zij die
niet het zevende kwartaal bereikten, werden uit de dataset gehaald.

Een ‘papier en pen’ vragenlijst werd ontwikkeld die transfer van kennis
meet. Transfer kan alleen dan geschieden wanneer er eerst betekenisvol
leren heeft plaatsgevonden. Deze vragenlijst betreft het toepassen van
kennis en vaardigheden zoals geleerd in KM Quest op een iets andere
alternatieve case (HollandSky). Het gebruik van metacognitieve vaar-
digheden werd retrospectief gemeten door middel van de schaal Metacog-
nitieve zelfregulatie van de MSLQ. Verder werd er een coderingsschema
ontwikkeld om te bekijken of metacognitieve activiteiten in de collabo-
ratieve chat protocollen voorkomen.

De resultaten van de HollandSky test laten zien dat er enig bewijs is
dat studenten in staat zijn tot transfer van kennis. Dit bewijs is echter
niet erg sterk omdat het open-vraag formaat van de test leidde tot erg
veel blanco antwoorden in de natest. Verder laat het zelfrapportage-
instrument zien dat studenten het slechts marginaal eens zijn met het
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gebruik van metacognitieve vaardigheden in KM Quest. Er zijn geen
significante correlaties tussen de transfertest en de zelfrapportage.

De ontwikkeling van het coderingsschema laat zien dat er naast cog-
nitieve bijdragen een verscheidenheid aan metacognitieve bijdragen be-
staat in de protocollen. Die kunnen gecodeerd worden met de catego-
rieën van metacognitieve vaardigheden zoals in het theoretisch model
omschreven. En, naast domeingerelateerde bijdragen is het ook van
belang om groepsdynamica en systeemgerelateerde bijdragen te onder-
kennen. Een finale uitkomst van deze pilotstudie is ANALOG. De ont-
wikkeling van dit instrument gebeurde simultaan met de data-analyse
van deze studie. De bijdrage van dit instrument is dat het de onderzoe-
ker in staat stelt teamsessies te kunnen herspelen en het ondersteunt de
annotatie van de chatprotocollen. Hierdoor kan inzicht in het leerproces
verkregen worden op basis van de logfile-data.

De pilotstudie heeft instrumentontwikkeling mogelijk gemaakt. Die
instrumenten richten zich op het meten van leereffecten en het gebruik
van metacognitieve vaardigheden.

In hoofdstuk 5 worden de resultaten van de tweede studie gerappor-
teerd. Het hoofddoel van deze studie is om voldoende bewijs te leveren
dat KM Quest leidt tot betekenisvol leren. In de vorige studie werd
hiervoor slechts zwak bewijs geleverd. Ook wordt het gebruik van met-
acognitieve vaardigheden opnieuw bekeken, dit maal prospectief.

Eenendertig studenten van de Hogeschool Zuyd deden mee aan deze
studie in de herfst van 2003. De groep was in alle opzichten vergelijkbaar
met de groep studenten die aan de pilotstudie meedeed.

Er werd een elektronische test ontwikkeld die betekenisvol leren meet
(KMQUESTions). Deze test bestaat uit een groot aantal meerkeuzevra-
gen die gerelateerd zijn aan de leerdoelen van KM Quest, namelijk de
acquisitie van zowel declaratieve als procedurele kennis. Dezelfde schaal
van de MSLQ werd gebruikt om door middel van zelfrapportage een in-
dicatie te krijgen hoe men metacognitieve vaardigheden in het algemeen
gebruikt.

De resultaten laten zien dat studenten zowel declaratieve als procedu-
rele kennis opnemen als gevolg van het spelen van KM Quest. Dus, de
studenten zijn in staat tot betekenisvol leren in een constructivistische
leeromgeving zoals KM Quest.

De meting van metacognitie laat zien dat men in het algemeen slechts
beperkt metacognitieve vaardigheden zegt te gebruiken. De score van
deze meting verschilt niet wezenlijk van de retrospectieve meting die in
de vorige studie is verricht. Verder bestaat er in deze studie geen relatie
tussen de prospectieve meting van metacognitie en leersucces.
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De conclusies van deze studie zijn tweeledig. Ten eerste kan een con-
structivistische leeromgeving zoals KM Quest wel degelijk betekenisvol
leren ondersteunen. De suggestie wordt geopperd dat dit te danken is
aan het feit dat de omgeving een taakmodel bevat. Om hiervoor empi-
rische ondersteuning te vinden wordt voorgesteld om in de derde studie
een model versus een niet-model conditie met elkaar te vergelijken om
de effecten van het taakmodel nader te onderzoeken. Ten tweede wordt
de vraag gesteld of een zelfrapportageinstrument wel de beste manier is
om het gebruik van metacognitieve vaardigheden te meten. Er wordt
voorgesteld om in de derde studie een directe gedragsmaat te gebruiken
zoals protocol analyse op basis van het coderingsschema zoals dat ont-
wikkeld werd in de pilotstudie.

In hoofdstuk 6 wordt de meerwaarde van het taakmodel nader bestu-
deerd in relatie tot betekenisvol leren en het gebruik van metacognitieve
vaardigheden. Daarvoor zijn er twee condities gecreëerd. In de niet-
model conditie werken studenten met een versie van KM Quest waarbij
het KM model uit de omgeving is weggehaald. In de model conditie wer-
ken de studenten met de standaardleeromgeving van KM Quest, waar
dus het KM model aanwezig is. Verschillende hypothesen worden geop-
perd. De belangrijkste hypothese is dat studenten in de model conditie
hoger scoren wat betreft kennis en transfer dan studenten in de niet-
model conditie. Verder wordt gesteld dat studenten in de niet-model
conditie het gebrek aan model kunnen compenseren door hun metacog-
nitieve vaardigheden te gebruiken, indien zij die bezitten.

Zesenveertig studenten van de Hogeschool Zuyd deden mee aan deze
studie in de herfst van 2004. Ze werden door toeval toegewezen aan
teams en condities. De steekproef was in alle opzichten vergelijkbaar
met de steekproeven van de voorgaande studies.

KMQUESTions werd gebruikt om kennisacquisitie te meten. Een ex-
tra onderdeel van KMQUESTions werd ontwikkeld dat speciaal bedoeld
was om transfer van kennis te meten. Metacognitie werd gemeten op
drie verschillende manieren, de schaal Metacognitieve zelfregulatie werd
zowel prospectief als retrospectief gebruikt en het coderingsschema dat
in de pilotstudie was ontwikkeld werd ingezet om protocol analyse mee
te doen, wat de concurrente meting representeert.

De resultaten laten zien dat naast het feit dat men in elke conditie
leert van KM Quest, de studenten in de modelconditie meer modelspe-
cifieke kennis opdoen dan de studenten die het model niet voorhanden
hebben. Echter, om dat resultaat te bereiken besteden studenten in de
modelconditie wel bijna twee keer zoveel tijd en richten ze zich sterk op
het KM model. Studenten in de niet-modelconditie laten ook een sig-
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nificant leereffect zien voor modelspecifieke kennis. Zij ontwikkelen dus
een intüıtief taakmodel.

Het resultaat van de retrospectieve zelfrapportage suggereert dat een
collaboratieve leeromgeving wellicht een free-rider effect kan veroorza-
ken. Studenten die rapporteren dat zij weinig metacognitieve vaardig-
heden gebruiken, nemen meer kennis op. De verklaring die wordt voor-
gesteld beschrijft dat deze studenten wellicht zonder veel inspanning
‘meeliften’ op de inspanningen van hun collega-studenten die wel veel
metacognitieve vaardigheden zeggen te gebruiken.

De concurrente maat levert bewijs voor het feit dat wanneer een taak-
model deel uitmaakt van de leeromgeving metacognitieve vaardigheden
minder belangrijk zijn voor kennisacquisitie. Zonder KM model is ken-
nisacquisitie gerelateerd aan de hoeveelheid metacognitieve bijdragen in
de communicatieprotocollen. Er wordt gesuggereerd dat de aan- of af-
wezigheid van een taakmodel de aard van de regulatie verandert. De
aanwezigheid van een taakmodel vraagt om de regulatie van het gebruik
van dat model, in plaats van regulatie van activiteiten op het objectni-
veau.

Met betrekking tot de verschillende metingen van metacognitie laat
deze studie zien dat er een voorkeur bestaat voor een directe gedrags-
maat, omdat deze samenhangt met leren. De zelfrapportage-instrumenten
correleren met geen enkele leer- of transfermaat.

ANALOG werd gebruikt om meer inzicht te verkrijgen in het leerge-
drag van studenten in relatie tot leren, transfer en metacognitie in KM
Quest. Het besteden van tijd aan de ondersteunende elementen van KM
Quest (zoals de handboeken, feedback of the visualisaties) is negatief
gerelateerd aan kennisacquisitie, transfer en metacognitie in beide con-
dities. In de niet-modelconditie blijkt dat het besteden van tijd aan de
ORGANISE fase (waarin men relevante interventies kiest) gerelateerd
is aan kennisacquisitie en metacognitie. In de modelconditie blijkt dat
het besteden van tijd in de FOCUS fase gerelateerd is aan metacogni-
tie maar niet aan leren. Deze resultaten geven ook ondersteuning voor
het idee dat de aard van de regulatie verandert afhankelijk van of een
taakmodel aanwezig is of niet.

De conclusie van deze studie is dat de aanwezigheid van een taakmodel
in een constructivistische leeromgeving van een beperkte invloed is op
de kennisacquisitie. De complexiteit van een dergelijk model vergt dat
leerlingen extra tijd en moeite moeten investeren om het model te leren
gebruiken. Deze investeringen zie je niet direct terug in de leerwinsten.

In hoofdstuk 7 worden de conclusies geformuleerd. De empirische stu-
dies tonen aan dat simulatiespellen zoals KM Quest betekenisvol leren
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en transfer ondersteunen. De verklaring hiervoor is niet zozeer dat leren
een begeleid proces is maar juist dat KM Quest een actieve en doelge-
richte houding vergt. Wat betreft metacognitie is de conclusie dat het
vooral van invloed is op leren wanneer er geen taakmodel aanwezig is. De
meerwaarde van het taakmodel is dat het de acquisitie van taakkennis
faciliteert en dat het de rol overneemt van metacognitieve vaardigheden.

Deze dissertatie heeft het belang aangetoond van het taakniveau in
het leren oplossen van problemen. Het feit dat de empirische resultaten
kunnen worden geinterpreteerd met dat taakniveau levert ondersteuning
voor het theoretisch model.
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politiële gegevensuitwisseling en digitale expertise

2004-09 Martin Caminada (VU)
For the Sake of the Argument; explorations into argument-based rea-
soning

2004-10 Suzanne Kabel (UvA)
Knowledge-rich indexing of learning-objects

2004-11 Michel Klein (VU)
Change Management for Distributed Ontologies

2004-12 The Duy Bui (UT)
Creating emotions and facial expressions for embodied agents

2004-13 Wojciech Jamroga (UT)
Using Multiple Models of Reality: On Agents who Know how to Play

2004-14 Paul Harrenstein (UU)
Logic in Conflict. Logical Explorations in Strategic Equilibrium

2004-15 Arno Knobbe (UU)
Multi-Relational Data Mining

2004-16 Federico Divina (VU)
Hybrid Genetic Relational Search for Inductive Learning

2004-17 Mark Winands (UM)
Informed Search in Complex Games

2004-18 Vania Bessa Machado (UvA)
Supporting the Construction of Qualitative Knowledge Models

2004-19 Thijs Westerveld (UT)
Using generative probabilistic models for multimedia retrieval

2004-20 Madelon Evers (Nyenrode)
Learning from Design: facilitating multidisciplinary design teams

2005-01 Floor Verdenius (UvA)
Methodological Aspects of Designing Induction-Based Applications

2005-02 Erik van der Werf (UM)
AI techniques for the game of Go

2005-03 Franc Grootjen (RUN)
A Pragmatic Approach to the Conceptualisation of Language

2005-04 Nirvana Meratnia (UT)
Towards Database Support for Moving Object data

2005-05 Gabriel Infante-Lopez (UvA)
Two-Level Probabilistic Grammars for Natural Language Parsing

2005-06 Pieter Spronck (UM)
Adaptive Game AI

2005-07 Flavius Frasincar (TUE)
Hypermedia Presentation Generation for Semantic Web Information
Systems

2005-08 Richard Vdovjak (TUE)



A Model-driven Approach for Building Distributed Ontology-based
Web Applications

2005-09 Jeen Broekstra (VU)
Storage, Querying and Inferencing for Semantic Web Languages

2005-10 Anders Bouwer (UvA)
Explaining Behaviour: Using Qualitative Simulation in Interactive
Learning Environments

2005-11 Elth Ogston (VU)
Agent Based Matchmaking and Clustering - A Decentralized Approach
to Search

2005-12 Csaba Boer (EUR)
Distributed Simulation in Industry

2005-13 Fred Hamburg (UL)
Een Computermodel voor het Ondersteunen van Euthanasiebeslissin-
gen

2005-14 Borys Omelayenko (VU)
Web-Service configuration on the Semantic Web; Exploring how se-
mantics meets pragmatics

2005-15 Tibor Bosse (VU)
Analysis of the Dynamics of Cognitive Processes

2005-16 Joris Graaumans (UU)
Usability of XML Query Languages

2005-17 Boris Shishkov (TUD)
Software Specification Based on Re-usable Business Components

2005-18 Danielle Sent (UU)
Test-selection strategies for probabilistic networks

2005-19 Michel van Dartel (UM)
Situated Representation

2005-20 Cristina Coteanu (UL)
Cyber Consumer Law, State of the Art and Perspectives

2005-21 Wijnand Derks (UT)
Improving Concurrency and Recovery in Database Systems by Exploi-
ting Application Semantics

2006-01 Samuil Angelov (TUE)
Foundations of B2B Electronic Contracting

2006-02 Cristina Chisalita (VU)
Contextual issues in the design and use of information technology in
organizations

2006-03 Noor Christoph (UVA)
The role of metacognitive skills in learning to solve problems







Curriculum Vitae

Noor Christoph was born in 1971. She finished VWO (preparato-
ry scientific education) at the Pax Christi College in Druten in 1991.
In that same year she went to Maastricht in order to achieve the Pro-
paedeutic exam Gezondheidswetenschappen (Health sciences) from the
Universiteit Maastricht in 1992. Then, she decided to continue studying
at the Rijks Universiteit Groningen where she graduated in educational
psychology in 1997.

From September 1997 until July 1998 she worked for Noldus Infor-
mation Technology bv. in Wageningen in co-operation with Dr. Hans
van de Sande from the Rijks Universiteit Groningen. She is co-author
of a course book on systematic observation of behaviour (Christoph &
Van de Sande, 1999). From August 1998 until December that year she
worked for The Open University (Milton Keynes, The United Kingdom)
in order to cooperate in the development of fOCUS, a software tool for
teaching and supporting systematic behavioural observation (Oates et
al., 2000).

In January 1999 she started working for the department of Social Sci-
ence Informatics (SWI) at the Universiteit van Amsterdam. Currently
this group is known as the Human Computer Studies (HCS) laboratory.
She was involved in the EC-funded project LILIENTHAL which aimed
at developing and evaluating a Distance Learning Platform for the the-
oretical instruction of air traffic pilots. From 2000 she was involved
in the EC-funded KITS project. This project aimed at developing and
evaluating a gaming-simulation environment for the domain of Knowled-
ge Management. Besides project involvement she taught a diversity of
courses to SWI and Information Science students, ranging from research
methods and techniques for the social sciences to human-computer in-
teraction and computer-mediated communication. An important part of
her work at SWI/HCS was devoted to conducting research that resulted
in this PhD thesis.


