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Abstract 

Interoperability of an educational system requires a model of the system in 
question. Such a model is a framework that contains its important concepts, 
processes and relations. Several models have been published but their 
development, which we call educational modelling, still is a tedious process. We 
lack clear guidelines or a methodology. In this article we present a case study, in 
which we take first steps towards the development of a methodology for 
educational modelling. We do so by analysing our current practice that we typify 
as expert-driven, model-centred and consensus-based. We explicate the 
assumptions under this approach and test whether they are met in the case. The 
results give rise to a number of guidelines that can be used by future projects and 
that provide a first step towards a more systematic approach to educational 
modelling.  
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Introduction 

Interoperability of an educational system like instructional design or assessment 
requires a model of the system in question. Such a model is a framework that contains 
its important concepts, processes and relations. Instructional design, for example is 
modelled in Educational Modelling Language (EML, see Koper, 2001) and IMS 
Learning Design (IMS Global Learning Consortium Inc., 2003). Tattersall et al. (2003) 
present a curriculum model used to help students navigate a curriculum. Hermans et al. 
(2005) developed a model for educational assessment, described and compared to other 
models in Joosten – ten Brinke et al. (2005). 
 
Educational modelling can be seen as the building of an ontology. Several languages 
have been developed to support the description of ontologies. For example, the OWL 
Web Ontology Language (W3C, 2004) formally describes the meaning of terminology 
used in web documents. It was designed because developments with respect to a 
semantic web created the need for a language that facilitates the machine readability of 
web content. A second example is the Unified Modelling Language (UML, see Booch, 
Jacobson & Rumbaugh, 1998), which is frequently used as a notation language for a 
domain or conceptual model in a broad spectrum of software development for which it 
was originally designed. 
 
Although we now have gained considerable experience in creating educational models, 
their formulation tends to be a tedious and time-consuming process (Hermans, van den 
Berg, Vogten, Brouns & Verhooren, 2002). There is a need for guidelines, or a 
methodology, that helps to build these models in a more efficient way.  
 
The type of methodology that we are looking for combines elements of software and 
knowledge engineering. Methodologies that cover only one of these domains will not 
suffice. Consider, for example, the Unified Process (Jacobson, Booch & Rumbaugh 
1999). This is a software development methodology that uses the UML notations that 
are being used in educational modelling. Thus, UP seems a likely candidate to consider. 
Its strength is in modelling information and process flows (Abdullah, Benest, Evans & 
Kimble, 2002) and that is what we need to develop further instrumentation. However, 
our prime interest lies in the development of a domain model. With the term domain 
model we mean a depiction of the concepts of a domain and the interrelations between 
them. Here, however, UP only offers some weak heuristics. Knowledge engineering 
methodologies, on the other hand, offer more support to stipulate domain knowledge. 
They tend to emphasize the procedural aspects of knowledge, rather than the declarative 
knowledge represented in a domain model. 
 
The current practice in educational modelling combined knowledge elicitation 
techniques with UML modelling, yet this does not result in efficient modelling. 
Therefore a case study was prepared as part of a joint project of the Open University of 
the Netherlands and the Central Institute for Test Development (CITO) that aimed to 
define a model of educational assessment. In the case study data were collected to 
improve our understanding of our current practice in educational modelling. The case 
study is limited to the initial phase of the project, during which a domain model for 
educational assessment was construed in a series of expert meetings.  
 
As a first step towards a methodology, we concentrate on a number of general 
characteristics of our current practice in modelling, and in particular on the assumptions 
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underlying these characteristics. If these assumptions are not met, any methodology 
based on them is likely to fail in educational modelling. 
 
The first characteristic is that of the expert-driven nature of the sessions, in terms of 
content as well as the organization of the meetings. Experts acted as the source for the 
domain objects and relations to be used in the model. Furthermore, they defined the 
goals and procedures for each session. As an alternative, one could have chosen to limit 
the role of the experts to providing knowledge for the construction of the model and, 
eventually, evaluating the model. 
 
Second, the sessions were model-centred, i.e., all activities were directed towards 
further development of the educational model. During the sessions the objects and 
relations that the experts identified were cast ‘on the fly’ in UML diagrams. An 
alternative approach would, for example, separate knowledge elicitation and modelling. 
 
Finally, the procedures during the sessions were consensus-based. Participants, in 
particular the experts, had to agree about the procedures as well as about the content of 
the model. Here an important alternative to consider is whether all work has to be done 
in one team of experts. 
 
In this case study we concentrate on the assumptions associated with the characteristics 
mentioned and test whether these assumptions were met in the case. For example, the 
expert-driven approach assumes that experts can define and maintain the overall goals 
of the project, as well as the goals of the individual sessions. It also assumes that experts 
can and will express their knowledge. The model-centred approach assumes that experts 
can translate their knowledge to the UML notations and test the models presented to 
them against their knowledge. The consensus-based approach assumes that experts can 
and will collaborate and reach consensus about procedures as well as about the content 
of the model. Before we present the data collected to test these hypotheses, we describe 
the case in somewhat more detail. 
 

 
Case description 

Team composition 
 
The team for the project consisted of ten participants. Six assessment experts 
participated in eight expert sessions. Their task was to identify the building blocks of 
assessment and their relations. The experts came from three different institutions. They 
were selected to strike a balance between theory and practice. All experts had more than 
five years experience in assessment and they all were still active in the field, thus they 
would allow to capture state of the art knowledge.  
 

Two moderators facilitated the sessions. They were experienced in moderating groups 
and both were knowledgeable in the educational assessment, although not at an expert 
level. A modeller, who had experience in modelling of ICT systems, took the lead in all 
technical UML modelling activities. Finally, a scribe was added to the team to record 
session notes and to collect evaluative data. Pictures were taken from the result of 
concept mapping exercises and from writings on the blackboard and flip-over. 
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Structure and work formats of the expert sessions 

During the first session, the dates for seven subsequent experts sessions were planned 
over a period of two and a half months. Later on, it was decided to use the eighth 
session as a debriefing session.  
 
Although no work formats were fixed for the sessions, some dominant work forms 
emerged. Concept brainstorming, free association, concept listing and (hierarchical) 
concept clustering were used to elicit knowledge throughout the sessions. These are 
techniques that are particularly fit to elicit declarative knowledge (Cooke, 1994). In the 
first session these techniques were used to formulate a first domain demarcation.  
Hierarchical concept clustering was then used to create and order ten topics that were 
scheduled for discussion and modelling in the next sessions. In this way, the experts 
defined the core agenda for the sessions (this agenda was dropped in the second session 
however). Note that only concepts and relations brought forward by the experts were 
included in the model. No background literature or models were incorporated by 
reference alone, emphasizing the expert-driven nature of the work methods used. 
 
The techniques of brainstorming, free association, concept listing and hierarchical 
clustering were used throughout the sessions. It was assumed that using these 
techniques the experts would manage to reach consensus. If, however, no consensus 
would be reached within the time allotted, the moderators and the experts would make a 
joint decision on whether or not to stick to the agenda.  
 
 
Modelling in UML 

UML class diagrams (see Arlow & Neustadt, 2002 for an overview of UML diagrams) 
were used to model the different classes of objects and their relations in the assessment 
domain that the experts identified. An example of a UML class diagram is depicted in 
Figure 1.  
 

 
Figure 1. A UML class diagram modelling  Assessmentrun 
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Initially, the team planned to do an important part of the UML modelling ‘on-the-fly’. 
The experts’ input would be translated immediately into a tentative UML model that the 
experts would then discuss and amend whenever they felt that was necessary. In 
between sessions, the UML modeller would further refine the amended, provisional 
model into a complete (though partial) UML class diagram. This version would be 
presented to the experts at the start of the next session for final comments and 
adaptations. 
 
In order to participate in this modelling process, the experts had to be able to 
comprehend basic diagrams in UML and to perform basic modelling activities. To that 
end they received a brief introduction to the concepts of UML class diagrams during the 
first session. 
 
The ‘on-the-fly’ turned out to be very tedious and was dropped for an alternative where 
the modelling was done outside the expert session and the expert session was then used 
as a panel to evaluate the model. 
  
 
Method 

The evaluation reported here is directed at the assumptions underlying the expert-
driven, model-centred and consensus-based methods applied in this (and previous) 
cases. Associated with the expert-driven methods are assumptions regarding the 
organization of the sessions, and the domain knowledge brought forward during these 
sessions. It is assumed that (1) the experts can help organize the sessions, i.e., they can 
define, understand and maintain the overall goal as well as the session goals (keep the 
agenda). As far as the domain knowledge of the experts is concerned, it is assumed that 
(2) experts can and will express their knowledge of the domain; (3) this knowledge is 
state of the art; (4) this knowledge is correct and sufficient to create an educational 
model of the domain, thus excluding the need to use other sources.  
 
Associated with model-centred methods are assumptions related to the use of the 
notations of the models in the sessions. In this case, it is assumed that experts (5) can 
read and understand basic UML notations, and (6) can translate their knowledge into a 
UML notation. 
 
Assumptions associated with consensus-based methods are that experts can reach 
agreements on (7) the organizational matters discussed above; (8) the objects and 
relations in the domain, and (9) on a UML model for the domain. Finally, it was 
assumed that (10) using UML would improve consensus building, because it would 
offer an unambiguous representation of the domain, in contrast to natural language.  
 
Not all assumptions enumerated above were probed. In particular no assumptions have 
been tested that relate to the domain knowledge of the experts (assumptions 2, 3 and 4). 
These assumptions were addressed in subsequent phases of the project where the model 
was tested against on assessment scenarios and models.  
 
Data were gathered at different times during the process: (a) session minutes were 
made, (b) after each session a questionnaire was administered with questions pertinent 
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to the assumptions, (3) after the session series semi-structured interviews were held with 
experts and moderators covering, among others, questions relating to the assumptions.  
 
 
The questionnaire 

The questionnaire contained ten statements that were rated on a five-point scale. 
Questions related to assumptions 1 and 2 asked participants to rate their understanding 
of the overall goal of the sessions, as well as whether the agenda and assignment for the 
sessions were clear. Other questions related to these assumptions as well as to 
assumptions on consensus building (7) asked participants to respond to the clarity and 
appreciation of work methods used, and to rate the extent to which they could contribute 
to the sessions and their appreciation of the collaboration in the team.  
 
Other questions were related to the assumptions behind the model-centred approach (5 
and 6). After the first session participants were asked to rate the clarity of the 
introduction to UML. In subsequent questionnaires participants rated their ability to 
read and explain UML models.  
 
 
Results 

In this section we concentrate on the results obtained from the experts. Wherever 
appropriate these results will be compared to those obtained from other participants in 
the sessions. 
 
 
Assumptions behind the expert-driven nature  

Table 1 summarizes the ratings of the understanding of the overall goal of the sessions. 
All medians are above the neutral point on the scale. Minimum and maximum ratings 
indicate that experts’ opinions on this issue were diverging until session 4. During the 
final sessions they are more in agreement. 
 

Table 1. Understanding of overall goal of the expert sessions 
Session # 1 2 3 4 5 6 7 

N 5 6 5 4 4 4 5 
Mdn 4.0 4.0 4.0 4.0 3.5 4.0 4.0 
Min 4 2 1 1 2 4 4 
Max 4 5 5 4 4 5 5 

 
 

As noted above, the overall agenda for the sessions was dropped. Perhaps this led some 
experts to be less secure on the overall goal. In their interviews experts indicate that 
maintaining the overall agenda could have improved the process. 
 
After each session participants rated the clarity of the agenda and the assignment for the 
session and their understanding and appreciation of the methods that were used. The 
results are presented in Table 2. Overall, the session agenda’s were rated as clear, but 
among the experts opinions vary. The ratings of the clarity of the assignments show a 
similar pattern as in Table 1 with differences among experts during the first three 
sessions.  
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Table 2. Session evaluation by experts 
Session # 1 2 3 4 5 6 7 

The agenda for the session was clear 
n 5 6 5 5 3 3 4 
Mdn 4.0 3.0 4.0 4.0 4.0 4.0 4.5 
Min 3 2 3 3 4 3 4 
Max 5 5 4 5 5 4 5 

The assignment for the session was clear 
n 5 6 4 5 3 4 4 
Mdn 3.0 3.5 3.5 4.0 3.0 2.5 4.0 
Min 2 2 2 3 3 2 3 
Max 4 4 4 4 4 4 5 

 
 

The moderators provided rates that in general were slightly lower than those given by 
the experts. They found the agenda of session 3 not clear (Mdn=1) and during that 
session their rating on the clarity of the overall goal was low (Mdn=2). 
 
 
Assumptions behind the model-centred nature 

Five experts provided a rating on the clearness of the introduction to UML (Mdn = 4.0, 
min=2, max=5). We also asked the experts to rate the extent to which they understood 
why UML was used in the project. Five experts rated their understanding (Mdn=4.0, 
min.= 2, max. = 4). Two experts provided the minimum ratings on both scales. 
 
Table 3 presents the experts’ rating of their ability to read the UML diagrams. There is a 
constant drop in the median rating until session 4, from whereon the experts start to rate 
their ability somewhat higher. Note that the range of ratings here is high until session 4 
and the minimum ratings are very low. 

 
Table 3. Ratings of the experts of their ability to read the UML models 

Session # 1 2 3 4 5* 6 
N 5 5 5 4 -- 5 
Mdn 4.0 3.0 2.0 3.5  4.0 
Min 1 1 1 3  3 
Max 4 4 4 4  4 
* Due to an error in the forms used no data were collected in this session 

 
 

From session two onward the educational model for assessment was developed and 
after each sessions experts rated their understanding of the educational model, as well as 
their ability to explain the model to colleagues. Table 4 reports these ratings. Minimum 
ratings for understanding the model are at the neutral point. When the experts have to 
consider whether they could explain the model, the median rate remains positive, but 
the high range of the rates indicates important differences between experts. 
 

Table 4. Ratings of understanding of the educational model developed 
Session 1 2 3 4 5 6 7 

Understand educational model developed in current session 
n n.a. 5 5 5 4 4 5 
Mdn n.a. 4.0 4.0 4.0 3.5 5.0 4.0 
Min n.a. 3 3 2 3 4 4 
Max n.a. 5 5 4 4 5 5 

Can explain model to colleagues 
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n 4 6 5 5 3 4 5 
Mdn 4.0 4.0 4.0 4.0 4.0 3.5 4.0 
Min 3 1 1 2 2 3 2 
Max 4 5 5 4 4 4 4 

 
 

The ranges of the rates presented above seem to indicate that on several measures a 
majority of experts gave favourable ratings, whereas a minority gave unfavourable 
ratings. Closer inspection of the data revealed a pattern where two experts gave low 
ratings on the clarity of the overall goal of the sessions (Table 1), capability of reading 
UML (Table 5) and the capability to explain the model to a colleague (Table 6). On 
other scales with minima below 3 they were found to have rated these scores.  
 
Inspection of the session notes indicated that the contributions of these two experts were 
diminishing over the course of the sessions. This was confirmed in their post-hoc 
interviews. They indicated that they needed more time between sessions to prepare 
themselves. Although more experts reported this, these two experts indicated that the 
highly abstract and technical nature of most of the discussions made them feel they had 
little to add.  
 
 
Assumptions behind the consensus-based nature 

In the session notes as well as in the interviews consensus building emerges as a very 
tedious process. Experts rated the clarity of and their appreciation for the work methods 
and the collaboration with others in the session. As a proxy to consensus building we 
asked them to rate to which extent they could contribute to the session’s work. The 
results are presented in Table 5 and Table 6. The clarity of the work methods was rated 
consistently above neutral for all sessions and with little differences only between the 
experts. The appreciation of these work methods, although in general positive, shows 
differences between the experts. 
 

Table 5. Clarity and appreciation of work methods 
Session 1 2 3 4 5 6 7 

The work methods to be used were clear 
n 5 5 5 5 4 4 5 
Mdn 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Min 2 3 3 3 4 3 3 
Max 5 4 4 4 4 4 5 

Appreciation of work methods 
n 5 6 5 5 4 4 5 
Mdn 4.0 5.0 4.0 4.0 4.0 4.0 3.0 
Min 4 2 2 3 3 4 1 
Max 5 5 4 4 4 4 4 

 
 

Some contrasts between experts and moderators seem to occur as well. The moderators 
rated the clarity and their appreciation of the work methods of sessions 3 and 4 lower 
(Mdn ≤ 2) than the experts. The median rating of the appreciation of the contribution to 
the session is at moderate high level. The range of ratings varies over the sessions. 
Whereas experts sometimes express that they could not contribute much to a session, 
they all rate the collaboration in the team as positive.  
 

Table 6. Appreciation of contribution and collaboration during the sessions 
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Session # 1 2 3 4 5 6 7 
Contribution to session 

n 5 6 5 5 4 4 5 
Mdn 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Min 4 2 4 3 3 4 2 
Max 5 5 4 5 5 5 4 

Collaboration with others 
n 5 6 5 5 4 4 5 
Mdn 4.0 4.0 4.0 4.0 4.5 4.5 4.0 
Min 4 4 4 4 4 4 4 
Max 5 5 5 5 5 5 5 

 
 
The moderators here, as well, tend to rate slightly lower than the experts. In sessions 4 
and 7 their satisfaction with the collaboration with other group members drops below 
neutral (Mdn=2). The session notes as well as the interviews contain several statements 
in which experts complained about having insufficient time to prepare for the next 
meeting. Although the median ratings of the experts seem to indicate that they were 
satisfied with the techniques used and with the way of working that emerged, some 
experts felt more and more reserved to make a contribution. In their interview they 
indicated that this was due to the technical nature of the discussions. This is likely to be 
related to the centrality of the UML representation of the model. 
 
 
Discussion 

As a first step towards a methodology for building educational models, we took a closer 
look at the assumptions underlying our current practice that we typified as being expert-
driven, model-centred and consensus-based. What we reported on is the perception of 
the participants of phenomena related to these assumptions, for example their reported 
capability in interpreting the educational model. These perceptions are often 
corroborated by the interviews or session notes.  
 
The results presented here indicate that most assumptions were only partly met, 
certainly when we consider consensus building simultaneously with the two other 
characteristics. For example, experts had no problem to define and understand the 
overall and session goals, but this neither ensured that the goals were shared, nor that 
the goals or agenda were maintained. It took three sessions before all participants had a 
clear and corresponding view on the goals. Inspection of several other ratings 
demonstrate that behind the favourable median ratings are ranges that indicate that this 
was not a shared perception among experts.  
 
It was assumed that experts could read basic UML models, that they could translate 
their knowledge to the UML models and test the presented models on their knowledge. 
However, on-the-fly modelling turned out to be a cumbersome process. The experts’ 
rating of their ability in UML dropped steadily and even the increase in session 4 (see 
Table 3) may very well be the result of the absence of one of the experts who rated all 
the questions related to UML low. In our interpretation on-the-fly modelling assumes 
more UML knowledge and experience than the experts could possibly bring to the 
sessions. 
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A fortiori, the assumptions that UML would support consensus building did not hold. 
The session notes and interviews clearly show that this was a very hard process. Yet, the 
ratings of the collaboration and contribution to the sessions do not indicate that there 
were conflicts within the team. In our interpretation consensus building was hampered 
by the interpretation of the UML model and differences of opinion on the importance of 
modelling particular aspects of the domain. This is supported by an observation made 
during the debriefing session. Here an outline of the model was presented without using 
UML notations. All experts agreed to this model, but they also indicated that opening 
up details would inevitably lead to new discussions.  
 
In the sessions as well it became clear that the approach was based on a number of 
assumptions that proved wrong. The first sessions were spent on topics brought forward 
by the experts. Progress in modelling was extremely slow. It then became clear that not 
all work could be done in the sessions and that more preparation was needed. Then 
however experts reported that they did not have enough time to prepare between the 
sessions. During the fifth session the group decided that any further modelling would be 
done outside the group of experts, who would continue to function as a panel to discuss 
the resulting model. During the seventh session the moderators decided to take some 
time to recapitulate and model the final version by themselves (in fact, dropping their 
role) with the modeller and using the experts’ input thus far. The eighth session was 
used as a debriefing session to present the final outcome and here the experts indicated 
they all were satisfied with that version of the model. The debriefing session also 
provided the opportunity to make suggestions for future modelling processes.  
 
One might argue that the methods used both overrated and over-asked the experts. As 
far as modelling was concerned, the experts were clearly over-asked. On-the-fly 
modelling pre-supposed UML capabilities that our experts did not possess, or could 
have developed before or during the sessions. On the other hand, experts were 
overrated. They were the only source of knowledge used to structure the domain and to 
define the components of the model. Only in later stages the model was compared and 
contrasted to other models, as reported in Joosten-ten Brinke et al. (2005). The expert-
driven approach also led to deadlock whenever consensus could not be reached 
 
Translating our experience into recommendations for future projects, we come to the 
following six points: 

1. Establish a baseline reference for the project by collecting relevant sources and 
identifying the domain knowledge to be collected. 

2. Avoid knowledge elicitation in large groups. 
3. Separate modelling and knowledge elicitation. 
4. Cater for expressing different views on the domain. 
5. Use expert panels in combination with cases to test and validate the model. 
6. Define ownership and responsibilities. Who will own the model? Who will 

collect the domain knowledge? Who is responsible for modelling? How and by 
whom will the model be tested and evaluated? In order to avoid diffuse tasks and 
responsibilities these need to be defined for all persons involved in an 
educational modelling project. 

 
These guidelines are no guarantee for success. Fortunately, failing to meet them has not 
caused a failure either. The model for assessment that was ultimately produced by the 
project was welcomed in a positive way by several independent reviewers (experts in 
assessment). 
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