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a b s t r a c t

The main research question in this article concerns the added value of a prescriptive model in a simu-
lation/gaming environment: KM Quest. KM Quest is meant to support students in the acquisition of both
declarative and procedural knowledge in the domain of Knowledge Management (KM). The prescriptive
model (KM model) embedded in the KM Quest environment describes the different steps that need to be
taken while solving Knowledge Management problems. The main assumption is that because of the KM
model, students more easily acquire knowledge about KM and that they need to use their metacognitive
skills to a lesser extent since the KM model partly takes over regulation of learning in a new domain.
These hypotheses are investigated in an experiment with two conditions: a no-model versus a model
condition. The results of 46 students (23 in each condition) show that students in both conditions acquire
declarative and procedural knowledge. Students in the model condition acquire more procedural
knowledge and more KMmodel-specific procedural knowledge than students in the no-model condition.
The model condition students also outperform the no-model condition students on a transfer test.
However, students in the model condition spent much more time in the learning environment than the
students in the no-model condition. Some exploratory evidence is presented that suggests that the
inclusion of a prescriptive model changes the nature of the regulation: it appears that students in the
model condition spend much time on regulating the use of the KM model, while the regulation activities
of the no-model students concerns the domain of KM itself.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

This article presents a study onwhether and how students learn from a constructivist simulation/gaming environment, KM Quest, in the
domain of Knowledge Management (KM). In particular we investigate to what extent a prescriptive model of the problem solving activities
that learners have to perform, facilitates learning.

In general, electronic learning environments support the constructivist learning paradigm. Technology is the enabling factor in order to
operationalize and implement constructivist principles (Duffy & Cunningham, 1996; Jonassen, 1999). Games and simulations fit especially
well in the constructivist paradigm. Ideally, in games and simulations learners are able to explore and experience the effects of their
activities in the context of realistic case material (authenticity principle) (Crookall, 2010). It is generally assumed that constructivist learning
environments support meaningful learning and thus the ability to transfer knowledge to another context. KM Quest is such a constructivist
learning environment (Leemkuil, de Jong, de Hoog, & Christoph, 2003), which aims to support the acquisition of knowledge and skills in the
domain of Knowledge Management (see Section 3). KM Quest requires students to actively construct knowledge from the information
available in the learning environment in a collaborative setting. They have realistic case material at their disposal, containing real-life
problems. The knowledge students acquire is therefore potentially meaningful.

Despite positive expectations about the use of games and simulations in a constructivist learning context (Hofstede, de Caluwé, & Peters,
2010), research points out that these expectations cannot always be confirmed in empirical studies. Several studies indicate that learning
results are often suboptimal (Hulshof, 2001; de Jong & van Joolingen, 1998; Prins, 2002; Rieber, 2005; van Rijn, 2003; Saab, van Joolingen, &
van Hout-Wolters, 2011). Leemkuil et al. (2003) conclude, on the basis of the literature and their own studies that simulations and games are
only effective if sufficient instructional support is given and clear learning goals are formulated. Such support can take the form of
erg).
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a prescriptive model. 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 this article we present an experiment with the KMQuest environment in two conditions, one inwhich a prescriptive model guides the
students in solving problems and one without such a model. We hypothesize that students in both conditions acquire meaningful
knowledge and skills in the area of KnowledgeManagement. Furthermore we expect students in both conditions to be able to transfer their
knowledge and skills to a new context. However, we also expect the students in the model condition to outperform the students in the no-
model condition with respect to learning results. The next section presents the theoretical framework which guides our research. Subse-
quent sections describe the experiment and its results.

2. Theoretical framework

Problem solving processes have been object of numerous studies in Psychology (Newell & Simon, 1972; Van Lehn, 1989) and Artificial
Intelligence (van Harmelen et al., 1992; Wielinga, Schreiber, & Breuker, 1992). Although no one universally accepted model for problem
solving exists, the various theories appear to agree on a number of fundamental characteristics of human problem solving (see Christoph,
2006, pp. 18–37). First, problem solving in most domains is a knowledge-intensive process. Problem solvers use a variety of knowledge
types: knowledge of the problem domain at hand (declarative domain knowledge), knowledge of how to do certain things (procedural
knowledge), knowledge about how to achieve goals (task knowledge) and knowledge about planning, control and problem solving in
general (meta knowledge). A second generally accepted feature of human problem solving is that activities that are performed during
problem solving can become internalized as skills (Anderson, 1983). Third, many authors consider problem solving as a layered process,
where higher levels control activities at lower levels. However, there is no consensus about the precise nature of the knowledge and skills
that are used at the different layers. The most common view is that of a two layered model: object- and meta-level, where the meta-level
controls and monitors the activities at the object-level (Efklides, 2006; Flavell, 1976, 1979; Kolb & Kolb, 2009; Pintrich et al., 2000). Other
theories distinguish between an object layer and a task layer, where the task layer contains procedural knowledge about how to solve
a particular class of problems (problem solving methods) (Schreiber et al., 2000).

In this paper we propose a synthesis model of problem solving (see Fig. 1) in which three layers are distinguished. These are the object-,
task- and the meta-level. Distinguishing three instead of only two levels is based on the assumption that humans can use problem type
specific methods (task knowledge and skills) (Sharma & Hannafin, 2007) or, when task knowledge is not available, general, domain-
independent methods to control the problem solving process at the object-level. There is empirical evidence for both types of control
(Jansweijer, Elshout, & Wielinga, 1990; Mettes & Pilot, 1980).

The relation between the levels is that higher levels monitor and control lower levels. Themeta-level canmonitor 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 downward
arrows in Fig. 1). Each level consists of declarative and procedural knowledge and skills. Skills concern internalized procedural knowledge
about how to apply the declarative knowledge to solve problems.

The object-level is domain-dependent and contains domain-specific knowledge and cognitive activities related to it. Knowledge at the
object-level concerns concepts and their interrelations in a specific domain. 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 nature.

The declarative knowledge at the task-level concerns types of problems and goals (tasks) that describe what constitutes a solution to
a particular problem type. Procedural knowledge (problem solving methods) at the task-level describes how a goal can be decomposed and
Fig. 1. The theoretical model of problem solving.
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what activities can be used to achieve a (sub-)goal. A method also contains a control structure that specifies the order in which activities
must be executed at the object-level. Task knowledge is specific for a class of problems.

The meta-level is assumed to be domain-independent. It consists of metacognitive knowledge and skills. Metacognitive knowledge
includes general knowledge about how to decompose goals and how to attempt to solve a goal using activities at the object-level (van
Harmelen et al., 1992; Veenman, van Hout-Wolters, & Afferbach, 2006).

A metacognitive skill (planning) uses this knowledge to dynamically construct a plan to solve a problem. In addition to planning, the
meta-level performs processes that monitor and evaluate the progress of the problem solving process. If a lack of progress or a lack of
comprehension is detected, the meta-level can initiate an alternative course of action (Jansweijer et al., 1990).

In Fig. 1 the view on learning to solve problems is also visualized. Learning is conceptualized through the process of Application (arrow 1)
and Generalization (arrow 2).

Application is concernedwith using knowledge, skills, methods and/or activities at one level by applying them to a lower level in order to
achieve a goal that was formulated at a higher level. Generalization 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. Generalization leads to adaptation of
knowledge at a higher level.

Two learning paths can be derived from the theoretical model, depending 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
applicable to the class of problems instead of the specific problem at hand, based on generalization. Through this process learners could
develop their own task knowledge and methods. When no task model is present, the metacognitive layer has a strong impact on learning
because learners have no choice but to rely on their metacognitive skills.

The presence of a taskmodel in a learning environment takes over the function of themeta-level. If the taskmodel is used frequently, the
learner may internalize 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 presented in the work of Mettes and Pilot (1980). With respect to the relation between knowledge and
skills (arrow a, b, and c), procedural knowledge is used to operationalize declarative knowledge.

The aim of the current study is to investigate the function of the taskmodel introduced above. To this end two conditions are created, one
with the task model embedded in the learning environment KM Quest and one without the task model.

On the basis of the theoretical model several hypotheses can be formulated. First, we expect that in both conditions declarative and
procedural knowledge will be acquired, but that the presence of the task model leads to a higher amount of procedural knowledge learned.
The taskmodel forms an explicit prescription of the steps to be taken Second, through generalization processes procedural knowledge at the
task-level will be acquired, leading to the capability of applying this knowledge to a new, but similar domain (near transfer). In addition, we
expect that the presence of a taskmodel will facilitate the internalization of the procedural knowledge, which in turnwill result in a stronger
transfer capability than in the no-model condition. Since generalization processes operate on knowledge acquired at the object-level, we
expect a strong correlation between learning results and transfer. The more knowledge gained at the object-level, the more possibilities
arise for generalization and thus transfer. Third, we expect metacognition to play a much stronger role in the learning process when no task
model is available than in the model condition. Therefore we expect a positive correlation between metacognition and learning results for
the no-model condition.

Several studies in the area of Computer Supported Collaborative Learning (CSCL) have indicated that the presence of prescriptive
support enhances collaborative problem solving and learning (Jermann & Dillenbourg, 2008; Saab et al., 2011). In line with these results
we expect the task model to play a similar role in the collaboration by providing a vocabulary and rules for the desired problem solving
behavior.

3. KM quest

In KM Quest (Christoph, Anjewierden, Sandberg, & Wielinga, 2003; Christoph, Sandberg, & Wielinga, 2005) teams of (ideally) three
members have the task to manage the knowledge household of Coltec, a fictitious company as effectively and efficiently as possible. During
a number of quarters in the life of Coltec, events happen that may hamper the knowledge infrastructure of Coltec (for example, one of its
senior researchers leaves the company to start working for a competitor). It is up to the teams to analyze the events and the knowledge
household of Coltec in order to propose appropriate interventions. The interventions chosen influence the knowledge household of Coltec
through business indicators.

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 knowledge management. Declarative knowledge consists of concepts and relations between them relevant to the domain of
knowledge 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. The
acquisition of procedural knowledge in KM Quest is guided by a prescriptive model, the KM model. KM Quest is an electronic learning
environment based on constructivist principles that support learners in the acquisition of knowledge and skills in the area of knowledge
management. Besides the KM model, additional learner support is embedded in different forms in KM Quest (Leemkuil, 2006; Leemkuil
et al., 2001, 2002). One special type of support takes the form of visualization, namely the knowledge map. The knowledge map is a visu-
alization of knowledge departments and processes in Coltec. For each knowledge department in Coltec, all knowledge processes, such as
gaining, development, retention, transfer and utilization, are depicted. For each knowledge process, the properties speed and effectiveness
are visualized in terms of a character and a color coding. Thus, the learners have an overview of how well Coltec is doing in terms of its
knowledge infrastructure and can propose interventions to effect the knowledge processes.

The start page of KM Quest is shown in Fig. 2. In the chart of Coltec on the white board (see Fig. 2), information is provided about the
company’s products and its business indicators, its structure and its history. The authenticity principle is safeguarded in KM Quest bymeans
of the realistic case material of Coltec. KM Quest contains realistic problems in the form of events (for example a senior researcher leaves for



Fig. 2. The start page of KM Quest.
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a competitive company) which are described in the Newspaper (see Fig. 2). 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 previous quarters. Also the content of the communication is
available for inspection. The history books serve as commonmemory 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 behavior. In order to judge whether the interventions were
appropriate for an event, information is 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 mentioned.

The game is strongly geared towards collaboration. Players are organized in teams of threemembers. They communicate with each other
in a central chat facility (the telephone in the office). All activity templates in the KMmodel have a chat facility available, too. This supports
topic related communication. The activities in the KM model require collaboration because decisions can only be made by majority voting.
Collaboration is supported by the presence of shared work spaces. In order to implement interventions players have to agree on a set of
interventions decided upon earlier in the KM model. Knowledge-related indicators represent the relevant knowledge departments in the
organization and their properties. Knowledge departments represent organizational units within Coltec. Three knowledge departments are
distinguished: Production and Research & Development and Marketing department.

Knowledge process-related indicators reflect the properties of knowledge processes in Coltec. 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), Utilization (implementing work solutions and new ideas), Transfer (making knowledge from one domain available
to the other domains) and Retention (safeguarding knowledge from loss). The properties of the knowledge process-related indicators are
visualized in knowledge maps.

In Fig. 3 an example of a knowledge map is shown. For each knowledge department in Coltec, the knowledge processes are depicted. For
each knowledge process, the properties speed and effectiveness are visualized in terms of a character and a color coding.
3.1. The prescriptive model in KM Quest

In order to support a systematic approach to problem solving in the KM domain, a prescriptive model is implemented in KM Quest. This
prescriptive model is called the KM model and is situated on the task-level of the theoretical model presented in the previous section (de
Hoog et al., 2001, 2002). The KMmodel is based upon the theoretical model of Knowledge Management of Wiig, de Hoog, and van der Spek
(1997). In Fig. 4 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.

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

The KMmodel consists of four phases: the FOCUS, ORGANIZE, IMPLEMENTandMONITOR phase. The phases are followed in a strict order:
first analyse the knowledge household, then consider possible interventions, next implement interventions and finally check whether the
interventions affect the knowledge household in a positive way.

Each of these phases is decomposed in subtasks and activities. The activities are executed at the object-level, they represent domain-
specific activities.
Fig. 4. The Knowledge Management model in KM Quest.
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3.1.1. The FOCUS phase
The FOCUS phase aims at providing contextual information about objectives and current performances of the company. One of the first

steps in this phase is to decide where to focus on. 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
organizational aims (e.g. increasing market share by 2%) and knowledge management aims (e.g. increasing the competence of employees
working in the production 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
properties of knowledge processes in or between knowledge domains that they deem important. For example, players can focus on the
speed of knowledge 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 external 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
opportunity 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 to 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.

3.1.2. The ORGANISE phase
In the ORGANISE phase, learners inspect the current knowledge infrastructure of the company, by looking at a visualization. In this phase,

learners can propose a solution direction and subsequently analyse what the hypothetical effects are on the knowledge departments and
processes in the company. Solution directions are: implement organizational changes, cooperate within Coltec, cooperate with partners,
train employees, implementation of ICT, recruit and hire new employees and/or implement reward and bonus systems.

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 subtracted from the total budget available.

3.1.3. The IMPLEMENT phase
In the IMPLEMENT phase the interventions selected in the ORGANISE phase are implemented. In this phase the players consider the list

of interventions selected in the Organise phase in terms of an analysis of cost-benefits. The list of interventions remaining after this
consideration in the ORGANISE phase is voted upon and effectuated if all players agree. Then the game moves to the next quarter.

3.1.4. The MONITOR phase
In the MONITOR phase, learners can inspect relevant indicators in order to establish a clear picture of whether the current performance

of the company is in line with the ambitions of the team. They can also formulate their conclusions about the effects of the interventions
taken on the knowledge household of Coltec.

4. Empirical study

In order to study the effect of the KM model on learning, KM Quest is played in two conditions: one without the KM model (no-model
condition) versus the standard environment (model condition) (Christoph et al., 2005). In a pre-test–post-test design, measures of learning
are employed. Based on the theoretical framework described in Section 2 the following hypotheses are formulated:

Hypothesis 1: students acquire both declarative and procedural knowledge as a result of playing KM Quest and they are capable to
transfer their acquired knowledge and skills to a new case.
Hypothesis 2: students in the model condition achieve higher scores on the procedural knowledge tests than students in the no-model
condition.
Hypothesis 3: students in the model condition achieve higher scores on the transfer test than students in the no-model condition.
Hypothesis 4: given the generalization processes in the theoretical model, the results on the transfer tests will strongly correlatewith the
results on the declarative and procedural knowledge tests, irrespective of the condition.
Hypothesis 5: there exists a significant positive relation between concurrent measurement of metacognition and procedural learning in
the no-model condition. No such relation exists in the model condition.
4.1. Game configuration

In the no-model condition the task model is excluded from the learning environment and any pages in handbooks related to the task
model are deleted as well. However, in order to select and implement interventions (necessary to play the game) the steps Select inter-
ventions and Decide on interventions of the KM model are included. 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. Students are randomly assigned to one of the
two conditions.

In contrast to earlier studies (see Leemkuil, 2006), this version of KM Quest fires a predefined sequence of events, regardless of the status
of the business model. Experimenting with different versions of KM quest is in line with the design methodology described by Wang and
Hannafin (2005). Having a predefined sequence of events allows for a better comparison between teams and conditions. Events differ



Table 1
Predefined sequence of events fired by KM Quest.

Sequence Locus Type Event description

1 Internal Threat Leaving of research experts
2 External Threat A primary resource of Coltex is becoming scarce
3 – Non-KM Competitor sell part of its business
4 External Opportunity EU publishes call for R & D
5 Internal Threat Marketing department cannot fulfill internal demands for information
6 External Threat Future shortage of chemistry students
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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 interventions are known that positively influence the business model. The actual events are presented in
Table 1.

As most KM-related interventions are concerned with counteracting possible threats to the knowledge household, themajority of events
presented are of type “threat”.

4.2. Learning measurements

KM questions, a test specifically designed to assess learning in KM Quest, was used in order to measure learning results concerning the
acquisition of declarative and procedural knowledge. For the current experiment, one test containing 96 multiple-choice items (38 items
for declarative and 58 items for procedural knowledge) was constructed that was administered before and after playing the game. 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 intervention 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 knowledgewas split up into two additional 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 KMmodel
knowledge. A transfer test was created, presenting multiple-choice questions similar to the format of KM questions, which measures
whether students are able to apply their knowledge and skill in the area of knowledge management to a different case, namely that of
HollandSky (see Figs. 5–7). HollandSky represents a different kind of company than Coltec, a small customer-oriented, travel agency.

4.3. Process measures

All activities undertaken by the students in KM Quest were logged. The login time was registered, time spent at different locations was
chartered, sequence of actions was kept, and the entire communication through chat was saved accompanied by time stamps. Thus it was
possible to play-back an entire KM Quest game. An analysis tool was used to perform statistical analysis of the log files and to perform
protocol analysis (Christoph et al., 2003).

The chat protocols formed the basis for a concurrent measurement of metacognition, as we are interested in the relationship between
metacognition and learning with or without a task model. The chat protocols contained all the communication that took place between
team members, since students were instructed to only communicate through the game’s chat facilities.

The coding scheme developed in a previous study (Christoph, Sandberg, & Wielinga, 2008) was used to annotate contributions of team
members. In line with the theoretical model (see Fig. 1) communication is annotated at the meta-, task- or object-level (called COGNITIVE in
the coding scheme). Next, the communication can concern the GROUP process (the collaboration between teammembers, the TOOL (how to
work in KM Quest), and KM itself. This leads to the coding scheme shown in Fig. 6.
Fig. 5. Example item of the transfer test.



Fig. 6. Coding scheme used to label the contributions from the chat protocols.
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The COGNITIVE and TASK categories are not further decomposed into subcategories. All other categories in Fig. 6 are subcategories of
META. Several categories were discarded (G-STRA, G-PRED, G-PLAU, T-STRA, T-PRED, T-PLAN, T-PLAU and T-PROS) because they did not
occur at all in the protocols. In order to present data, for GROUP, TOOL and KM three measures were calculated, namely COGNITIVE, TASK
and META. The measure META consists of a combination of all activities that are scored as metacognitive. For examples of utterances
belonging to the different categories, see Appendix A.

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. In order to calculate inter-observer agreement, Cohen’s Kappa was
used, which presents a proportion of agreement adjusted for chance (Cohen, 1960). The two coders reached a Kappa of 0.70 which
represents sufficient inter-observer agreement.

4.4. Participants

In this study, 49 students from the polytechnic Hogeschool Zuyd participated in the experiment. The results of 46 out of 49 participants
are included in the data analysis of this study. Two students are excluded because they also participated in an earlier study on KM Quest.
These two students were assigned to the same team. One student fell ill during the experiment. The average age of the students is 22.7 years
(SD¼ 1.6). In each condition there are 7 teams of three students and 1 team of two students.

4.5. 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 h. For each condition, a specific training was developed. For the no-model condition the learning
environment was explained and moreover the general way of solving a problemwas demonstrated without any reference to the KMmodel.
Students in the model condition participated in a training that was similar to the one used in earlier studies.

In this training the learning environment was explained and the way inwhich an event could be handled bymeans of the KMmodel was
demonstrated. After the training, students took the pre-test measurements (background information such as age and prior knowledge of
KM, and KMquestions). The test session took approximately 1 h. Inweek 2, students started playing the game during two game sessions that
each lasted approximately 2 h. The students were instructed to use the environment to acquire as much knowledge and skills as possible in
the area of knowledge management. Additional instruction for students in the model condition was that they should complete all steps of
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the KMmodel for each quarter of the game. Teammembers 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 roomwas supervised by one experimenter in order
to ensure silence. Students did not have access to the game outside the playing sessions. Inweek 3 a third and last game session took place in
order to reach quarter 7 in the game. The next day, another test session was scheduled which included administering KM questions, the
transfer questions and an exit-questionnaire. In week 4 a debriefing lecture was organized during which students shared their experiences
about the game. Also the grades (post-test scores) were disclosed during that session.
5. Results

In this section the results of the experiment are presented. First the reliability of the tests used is reported, followed by an overview of the
descriptive statistics and a presentation of the analyses conducted to test the hypotheses.
5.1. Learning results

The internal reliability coefficients for both the pre- and post-test of KM questions and the transfer test are shown in Table 2. Of the
transfer test, 6 items that showed a negative correlationwith the test were removed, yielding an increase in reliability from 0.64 to 0.70. The
reliability of the post-test procedural knowledge is low, but the pre-test that contains the same items has a good reliability.We conclude that
the reliability of the tests is sufficient.

Table 3 shows descriptive statistics for mean score on the knowledge tests, standard deviation and number of students who have taken
the test integrated over both conditions. Regardless of condition, students acquire declarative and procedural knowledge from pre- to post-
test (see Table 4). The gain of knowledge in all categories is significant. The score on the transfer test (73% correct answers) indicates that
students are able to use their acquired knowledge in a different context (see Table 3). This means that hypothesis 1 (students learn from KM
Quest) can be confirmed.

Next we present results concerning the two conditions and their comparison. Table 5 shows descriptive statistics for the various
knowledge tests in each of the conditions. In order to investigate how the pre- and post-test measures compare within each condition,
paired t-tests were conducted, of which the results are presented in Table 6. Students in the no-model condition score significantly higher on
all post-test measures than on the pre-tests. Students in the model condition score significantly higher on all post-test measures except on
general procedural knowledge. So, hypothesis 1 holds for each condition as well as for the combined data.

The second and third hypotheses predict that students in the model condition will outperform students in the no-model condition on
procedural post-test measures as well as the transfer test.

As the conditions do not differ significantly on any pre-test measure (see Table 7), all post-test means were compared through inde-
pendent t-tests (see Table 8) in order to investigate learning differences between conditions. The analysis showed that the groups differ on
three measurements, namely on procedural knowledge (combining general procedural knowledge and KM-specific procedural knowledge),
on KM-specific procedural knowledge, and on transfer. In all three cases, the students in the model condition perform significantly better
than the students in the no-model condition. These results confirm hypothesis 2, stating that the presence of a task model in the learning
environment facilitates procedural learning. Hypothesis 3 that states that internalizing the taskmodel leads to a better transfer performance
is also confirmed. The fact that the two conditions do not differ in the scores on the declarative knowledge test is consistent with the
theoretical model in the sense that the model predicts that the influence of a task model is mainly procedural.

Hypothesis 4 predicts a significant relation between post-test measures of learning and transfer. This hypothesis is supported by the
results (see Table 9), since all post-test measures of learning are significantly correlated (p< 0.05) to results on the transfer test, except for
the score on general procedural knowledge in the no-model condition. Apparently students in this condition do acquire knowledge in this
area, but the knowledge they acquire is not helpful in answering the transfer test items. The results discussed above, in general, confirm the
assumption that meaningful learning facilitates transfer.
Table 2
Cronbach’s alpha (¼KR20 for dichotomous items) coefficients of KM questions, and the transfer test.

KR20/ Alpha Pre-test Post-test

Declarative knowledge 0.64 0.64
Procedural knowledge 0.78 0.52
Transfer 0.70

Table 3
Mean and standard deviation for the pre- and post-test measurements of declarative, KMmodel-specific procedural and general procedural knowledge and
transfer test measured in proportion of correct answers. There were 46 participants.

Pre-test Post-test

Totaltest 0.50 0.10 0.62 0.08
Declarative 0.51 0.11 0.62 0.10
Procedural 0.49 0.13 0.62 0.09
General procedural 0.51 0.13 0.59 0.09
KM-specific 0.48 0.16 0.63 0.13
Transfer 0.73 0.10



Table 4
t-Tests on learning results for both conditions combined: N¼ 46.

Learning measure t Significance

Total �9.53 0.000
Declarative �8.54 0.000
Procedural �6.19 0.000
General procedural �3.77 0.000
KM-specific �5.69 0.000

Table 5
Mean and standard deviation for the pre- and post-test scores on declarative, procedural, KM-specific procedural, general procedural knowledge and the transfer test for both
conditions (n¼ 23 for each condition) measured in proportion of correct answers.

No-Model Comdition Model Condition

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

Totaltest 0.49 0.11 0.60 0.08 0.51 0.10 0.63 0.08
Declarative 0.51 0.13 0.64 0.11 0.50 0.10 0.61 0.10
Procedural 0.46 0.12 0.57 0.08 0.53 0.13 0.66 0.17
General procedural 0.49 0.12 0.59 0.10 0.53 0.14 0.59 0.10
KM-specific procedural 0.44 0.16 0.56 0.12 0.52 0.16 0.70 0.11
Transfer 0.69 0.09 0.76 0.08

Table 6
t-Test comparison between pre- and post-test measures for both conditions, n¼ 23 for each condition.

No-model Model

Learning measure t-Value Significance t-Value Significance

Declarative �5.808 0.000 �6.229 0.000
Procedural �3.562 0.000 �5.419 0.000
General procedural �3.435 0.002 �1.935 0.066
KM-specific procedural �2.748 0.012 �6.058 0.000
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5.1.1. 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 spent more time than students in the no-model condition
(see also Section 5.2). Mean total time spent by students playing KMQuest in the no-model condition is 3 h, 52 min and 32 s. Teammembers
in the model condition spent on average 5 h, 29 m and 22 s.

For the individual conditions, no significant correlation coefficients exist between time-on-task versus declarative, specific or general
procedural knowledge and transfer. Only if time-on-task correlates significantly 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 the no-model condition is not directly related to the additional time they spent in order to finish the game. A further
analysis based on the protocol analysis as presented below, suggests that the additional time in the model condition is largely concerned
with task and team regulation which in turn could contribute to higher learning performance.
5.2. Additional measures

In order to gain insight into differences in how students use KMQuest in both conditions, ANALOGwas used to analyze the content of the
log files. In Table 10 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). 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 10 indicate that a significant difference
exists between the conditions.

In the no-model condition chatting clearly takes upmore time than in themodel condition (t¼ 11.86, p< 0.01). Students in the no-model
condition spend over 40% percent of the game time on chatting, against almost 14% in the model condition. In absolute numbers, chatting
takes approximately 1 h and 40 min in the no-model condition against approximately three quarters of an hour in the model condition.
Table 7
t-Test comparison between conditions on pre-test measure.

Learning measure t-Value Significance

Declarative 0.459 0.649
Procedural �1.725 0.092
General procedural �1.169 0.249
KM-specific procedural �1.638 0.109



Table 8
t-Tests comparing both conditions on post-test measures.

Learning measure t-Value Significance

Post-testtotal �1.290 0.204
Declarative 0.840 0.405
Procedural �3.731 0.001
General procedural �0.083 0.935
Specific procedural �4.142 0.000
Transfer �2.245 0.030

Table 9
Correlations between post-test measures and the transfer test for both conditions.

No-model Model

Declarative 0.50 0.70
Procedural 0.58 0.74
General procedural 0.35 (ns) 0.48
KM-specific procedural 0.44 0.57
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Students in the no-model condition make only about one-third of all chat contributions in absolute numbers. Although students in the
no-model condition spend more time in the chat, they make fewer contributions. There is no indication that the length of the contributions
differs over conditions. This suggests that they take more time to think. Students in the no-model condition also use more time to read the
newspaper than students in the model condition (t¼ 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 in the model condition: Visualization handbook (t¼ 3.18, p< 0.01), Intervention handbook (t¼ 10.23, p< 0.01), KM handbook
(t¼ 4.01, p< 0.01).

Students in themodel condition use more time for the Indicator handbook than students in the no-model condition (t¼�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 (t¼ 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 themodel 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 (t¼�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 indicate that students in the no-model condition possibly learnmore efficiently (they need less time) because
they do not have to go through all the steps of the KM model. Students in the no-model condition use almost 80% of their time (approx-
imately 3 h) 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 h) to go through all phases of the KM model and to chat.

As was shown earlier, students in the model condition gain more KM model-specific procedural knowledge than students in the no-
model condition as was expected. However, they also gain more procedural knowledge (general and KM-specific procedural knowledge
combined) and outperform the no-model condition on the transfer test. Students in the model condition mostly use the KM model to
achieve these results. The presence of a KM vocabulary allows them to regulate their communication in an efficient way. The students in the
Table 10
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 ORGANISE and
IMPLEMENT phase only to shortlist and effectuate interventions).

No-model Model

Mean % of time spent Mean Sd. Mean Sd.

Chat 44.30 11.40 13.68 4.84
Newspaper 3.74 1.28 2.26 1.29
Feedback 1.48 1.01 1.19 0.96
History 1.28 0.87 1.09 0.97
KM Dictionary 0.53 0.65 0.27 0.38
Visualization handbook 1.94 2.01 0.54 0.68
Coltec 0.84 0.96 1.15 0.82
Interventions handbook 17.35 5.47 2.98 3.94
Indicator handbook 1.04 0.73 2.12 1.10
KM handbook 3.03 2.73 0.61 0.97
Visualizations 9.26 4.75 2.68 2.61
FOCUS 0.00 0.00 34.29 15.48
ORGANISE 9.13 12.37 17.00 9.64
IMPLEMENT 3.07 1.10 4.19 2.48
MONITOR 0.00 1.18 2.95 1.80
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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.

In order to explore the data further, additional correlations were calculated. Fig. 7 gives an overview of the significant correlations
between the amount of time spent on the elements in KM Quest, results on post-tests of knowledge and transfer, and concurrent measures
of metacognition. Bold arrows indicate that positive significant correlation coefficients exist whereas dotted arrows indicate that a negative
significant correlation coefficient exists.

In the no-model condition only KMmodel-specific procedural knowledge is correlatedwith elements in KMQuest. A positive correlation
exists with the ORGANISE phase. In the no-model condition the ORGANISE phasemainly concerns the selection of interventions. Apparently,
students learn procedural knowledge that is similar to the knowledge represented in the KMmodel in the decision process. This observation
is supported by the strong correlations between the metacognition measures and ORGANISE. Possibly, metacognitive activities support the
learning process in an indirect way.

5.2.1. Protocol analysis
Protocol analysis based on the coding scheme described in Section 4 was performed manually on over 17,000 chat contributions of team

members. The contributions covered all communication between team members whilst playing KM Quest, since face-to-face conversation
was not allowed during these sessions. In Table 11 the absolute number of contributions in both conditions is given. The category META
Fig. 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).



Table 11
Absolute number of contributions over several categories of the coding scheme in both conditions.

COG TAS META Total

No-model GROUP 1037 200 1180 2417
Condition 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
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represents the aggregated variable for the use of metacognitive skills (see Section 4). Its valuewas 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.

Students in the no-model condition make on average 241.96 contributions (SD¼ 72.44). The absolute number of contributions per
student in this condition varies from 154 to 378. In the model condition, students make on average 505.09 contributions (SD¼ 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 contri-
butions made.

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

Second, both conditions are compared. The total number of contributions per condition is normalized such that each condition
represents 50% of the total amount of contributions made (see Table 12). Several significant differences exist between the average
percentages 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 (t¼�1.74, p< 0.05). The students in the model condition also score significantly higher on G META
(t¼�2.52, p< 0.05) than students in the no-model condition. Students in the no-model condition score significantly higher on KM COG
(t¼ 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 questions to other team members, is more present in the model condition than in the no-model condition. Also, it
appears that in the model condition, 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
students in the model condition make more contributions in the following categories: G PLAN (t¼�6.32, p< 0.01) and G MONG (t¼�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 KMmodel), “Yes, I have read this” (in response to a direct question concerning a contribution to a KMmodel 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 the KM model. The learning environment possibly
requires a different type of regulation in the two conditions.

Fig. 7 shows significant correlations between time spent in elements of KM Quest and various measurements. In the model condition no
positive correlations exist between any of the post-tests and the elements of KM Quest. However, positive correlations do exist between
group metacognition (G META) and declarative and KM-specific procedural knowledge. This indicates that learning from the KM model
involves group discussions on the meta-level, but not metacognition concerning KM (KM-META). The latter observation supports the
hypothesis that the presence of the KMModel reduces the need for metacognition about KM. The correlation between the FOCUS phase and
GMETAmay be an indication that these discussions takemainly place in this phase, although no significant correlations between FOCUS and
learning was found. 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. The strong
correlation between declarative and model-specific procedural knowledge in the model condition points to an integrated learning process,
where both types of knowledge are acquired together.
Table 12
Percentage of contributions over several categories of the coding scheme in both conditions (Bold indicates a significant difference).

No-model condition COG TAS META Total

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

GOUP 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
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In both conditions, a negative relation exists between the support elements of KMQuest and learning. Apparently, spendingmore time in
these elements goes hand in handwith 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. This finding corresponds with the results presented by Leemkuil (2006) who also did not find any positive relation between
support elements and learning results.

Finally, it is remarkable that theMONITOR phase does not appear to have any relationwith learningmeasures or 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.
6. Discussion and conclusions

The central question in this article was what the added value of the task model in KM Quest is with respect to learning. 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 formulated in Section 4 will be discussed here.

First of all students learn from KM Quest. They acquire declarative, KM model-specific and general procedural knowledge. Hypothesis 1
that states a learning effect on all types of knowledge is supported. The presence of a model in the learning environment that prescribes how
to solve KM problems has an added value for the acquisition of general procedural knowledge as well as KM model-specific procedural
knowledge. Therefore, hypothesis 2 is supported. No differences in scores on the declarative knowledge tests between conditions were
found. This means that the presence of a task model does not have a noticeable effect on the learning results for declarative knowledge. The
strong correlation between learning results for declarative and KM-specific procedural knowledge in the model condition suggests an
integrated learning process, in which the task model enforces students to apply procedural knowledge to specific declarative knowledge
elements.

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. Moreover, the students in the model condition perform significantly better on the transfer
test than the students in the no-model condition. This supports hypothesis 3. The amount of knowledge acquired is positively related to the
ability to transfer knowledge in both conditions. This provides support for hypothesis 4. The correlation between learning and transfer is
stronger in the model condition than in the no-model condition. However, students in the model condition take almost twice as long to
finish the game. A similar result has been reported by Gama (2004).and they are heavily focused on the KM model in contrast to the other
students. Also 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 (Lajoie & Lu, 2011).

In the no-model condition, no correlations were found between metacognitive measures and learning results. This refutes hypothesis 5.
However, the use of metacognitive skills could be indirectly related to knowledge acquisition through the ORGANISE phase. Both KM and
GROUP metacognition strongly correlate with the ORGANISE phase, which in turn relates to procedural learning. This is support for the
theoretical model that assumes that when no task model is present the meta-level regulates the object-level. Moreover, the results indicate
that without the KMmodel, students still significantly acquire KMmodel-specific procedural knowledge. This is an indication that learners
are able to develop ‘intuitive’ task knowledge through generalization of object-level activities, which is in accordance with the learning
processes assumed in the theoretical model.

In the model condition, no significant correlation exists between KM-META and any other measurement. This supports the theoretical
model because the model assumes that when a task model is present the task-level takes over the role of the metacognitive level. In the no-
model condition regulation takes place in the ORGANISE phase, whereas in the model condition students regulate their group activities in
the FOCUS phase, where they spend a substantial part (one-third) of their time. The large number of metacognitive statements concerning
regulation of the groups’ activities corresponds with the findings presented by Janssen, Erkens, Kirschner, and Kanselaar (2010), Lajoie and
Lu (2011), and Saab et al. (2011). Their studies into online collaboration also showed a high percentage of statements which are concerned
with task regulation. The correlations between the metacognitive group processes and learning results in the model condition are an
indication that metacognition at the group level supports learning.

In summary we can conclude the following
First, the presence of a prescriptive model drastically changes the nature of the regulatory processes in collaborative problem solving. In

particular, the presence of a task model causes that much more time is spent on discussing the analyses of the problem situation and on the
planning and selection of activities to be performed. Clearly the vocabulary and knowledge of the participants to discuss activities has been
increased through the prescriptive model.

Second, the extra time spent on regulatory processes results in an increase of task specific procedural learning of about one half sigma as
compared to the case where no task model is given. Given the fact that this extra time is only a few hours in absolute terms, this is
a remarkable learning effect and worth the extra effort.

Third, although the theoretical model suggests that when a task model is present it takes over the meta-level, this appears not
to be entirely the case. The task model may indeed make metacognitive activity at the KM-level superfluous but not at the GROUP
level. The positive relation between metacognition at group level, discussing what to do next, or how to evaluate something, and
learning measures indicates that metacognition is still an important factor in learning, even in the presence of a prescriptive task
model.

Fourth, in a collaborative setting the presence of a prescriptive model causes a considerable increase in communication acts. This could
lead to the learning of analytic and social skills. The present study however, did not test this type of learning in any depth. Futurework along
this line may reveal more benefits of the provision of a prescriptive model and may provide educational guidelines for the use of such
models in practical applications.
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Appendix A

Rules and examples for all relevant categories of the coding scheme used to perform protocol analysis.
Category Rule Example

GROUP A direct referral to a team member or a question “What do you think about this, Henry?”
Cognitive Asking the opinion of other team members “How about interventionI6?”
Task Imperative concerning the initiation or finishing of activities “You start filling in the goals!”
Reflect on problem A content related reflection on the nature of a problem “But is this a KM-related problem?”
Comprehension monitoring Indications of lack of understanding without a clear KM component “But what do we have to do now?”
Planning Indications of how one wants to go about solving the problem “Do we have any other goals to pursue?”
Monitoring Indications of agreement between team members “Ok, I agree!”
Evaluate problem solving Indication of evaluating the overall group process in

relation 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, functionality 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, functionality
or affordances of KM Quest

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

Task Indications of initiating or finishing activities related to the
GUI, functionality or affordances 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 understanding concerning the GUI,
functionality or affordances 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 mentioning
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 concerns increasing job satisfaction”
Cognitive Referring to knowledge, terminology 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 problem Indications of reflecting on the nature of a problem “This problem has nothing to do with KM”

Comprehension monitoring Indications of lack of understanding related to KM “I don’t understand it any-more”
Generate strategy Indications of choosing a solution direction “Then we have to look for a solution in the area

of training employees”
Predicting consequences 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 problem “Ok, let’s continue”
Monitoring Indications about the status 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 attitude
concerning the overall problem solving process

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