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Abstract. Understanding modelling behaviour is an important step to-
wards situated modelling support, especially when aiming to actively
involve the domain expert in modelling without expert interventions. In
search for a hypothesis on which modelling acts humans exhibit naturally,
this paper presents an exploratory study into the modelling approaches
intuitively taken by people trained in modelling as opposed to people not
trained in modelling. Participants were asked to create a concept map of
either a familiar or unfamiliar knowledge domain.

Analysis shows that there are differences between the approaches novice
and expert modellers follow, the decisions they make in representing an
aspect or not, and the level of abstraction they choose.
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1 Towards Situated Modelling Support

Conceptual modelling is a popular, widely used technique in the IT industry [2].
Process modelling is the main motivation to engage in modelling, and the use
of official modelling techniques increases significantly in large organisations, due
to the increasing complexity of projects [2].

In this paper we consider the following question: What thought processes do
novice modellers intuitively unveil when modelling without specific restrictions,
and how does this compare to how modelling experts work and think? There are
two main assumptions on which modelling approach is most intuitive for peo-
ple to follow: thinking in processes, or thinking in terms of objects essential to
the domain. Indeed the use of both approaches by different information engi-
neers has been documented [28]. We propose that this distinction may not be
so strict. Intuitive modelling as displayed by novices shows that object-driven
and process-driven thoughts occur in parallel, each object triggering a related
process and vice versa.

The importance of being able to teach and guide novices in making well-
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structured, unambiguous and syntactically correct models is emphasised by the
fact that domain experts, finding themselves placed in the role of novice mod-
ellers, view modelling as a complicated process [9, 11]. After a single, experiential
modelling training they are often expected to participate actively in modelling
sessions. While experiential training is more effective than didactical training
or no training when it comes to imparting modelling knowledge [27], modelling
languages have clearly not been designed with the novice in mind. The quality
of the models and the shared understanding the novices should have of it are
often negatively affected by this.

Teaching modelling should therefore be done in a way that appeals to the
novices’ way of thinking, is easy to understand and learn for them and ultimately
is also fun to work with. While there is an extensive body of research available on
specific modelling languages [21, 10, 8, 25], the above mentioned human aspects
of modelling have received relatively little attention so far.

First of all, we describe the hypothesis and the experimental setup. Then, we
explain how the code system for analysis was developed and applied, followed
by an overview of the most interesting observations. Finally, a brief discussion
of abstraction and information modelling as interpreted in this paper is given.

2 The Experimental Setup

The empirical work described below is of an exploratory nature and meant solely
for the purpose of hypothesis generation. The authors acknowledge that the
number of participants used is too small to draw any significant conclusions.
Therefore, it should be noted that this paper presents work in progress. The
hypothesis aims to provide a basis for understanding modelling behaviour.

2.1 Hypothesis

Conceptual modelling centres around two main processes: conceptualisation and
constructing relations between essential concepts. Modellers tend to begin with
several concepts they consider essential to the domain, and from there a process-
oriented stream of thought is triggered relating the concepts to one another.
Thoughts are supported by a mental walkthrough, relating the abstract domain to
a specific instance, or instances, of it well-known to the modeller. Especially in
novices, mental walkthroughs are visual.

2.2 Capturing Human Thought

To begin with, we explain the formalism we used to allow the participants to
represent their thoughts in the models.
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Mental Models Mental models are a fundamental aid to describing how an in-
dividual stores knowledge. Rouse and Morris [24] provide a functional definition
that very well suits the purposes of this research:

“Mental models are the mechanisms whereby humans are able to
generate descriptions of system purpose and form, explanations of system
functioning and observed system states, and predictions of future system
states. 7 [24]

Mental models are therefore cognitive representations, unique to the individual,
based on the individual’s experiences and expectations, to guide behaviour, or-
ganise thoughts and influence the interpretation of information. They tend to be
dynamic rather than static, and can be manipulated by the individual to pre-
dict the outcome of a certain problem-solving strategy [27, 7]. The accuracy of
mental models often influences the quality of problem solutions [27]. The reason
for that may be that people base their solutions on their mental models of a
problem and a situation, and if those mental models happen to be inaccurate
or incorrect, the solution will inevitably suffer too [14, 27]. Research indicates
that in collaborative situations, teams who have shared mental models perform
better than those who do not [27].

Concept Maps Mental models can be visually represented using the technique
of concept mapping [20, 7, 26]. Concept maps are basic models representing con-
cepts and the associations between them, using circles for concepts and directed
arrows for associations. Gwee [7] has used concept mapping for the measure-
ment of mental models, arguing that they are “easy to administer and partic-
ipant friendly”. Indeed they require little cognitive effort from the participant,
thereby minimising compromise of result validity [7].

For these reasons we choose to employ concept mapping as the main formal-
ism in our study.

2.3 Participants

The distinction between expert and novice modellers is made, mimicking the
difference between information engineers and domain experts in real situations.
Expert modellers are people from the IT industry who include some form of
information systems modelling in their daily tasks, whereas novice modellers are
people who have no experience in information systems modelling.

The study has a between-groups and within-groups setup. A total of 10 par-
ticipants was used, randomly split into two groups of 5 participants. Both groups
consisted of 2 expert modellers and 3 novice modellers. The participants came
from diverse backgrounds. Experts were recruited from industry and university
(students already in a job). Novice modellers were recruited from any industry
not involving IT as their main service. The minimum age limit was 18, because
abstraction capacity is thought to start developing when children enter adoles-
cence [23], and is likely to be well-developed by the time they reach adulthood.
Therefore, participants should be fully capable of carrying out the abstraction
steps required for modelling.
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2.4 Procedure

The procedure involved two different tasks, one for each group. While carrying
out the task, the participant was asked to think aloud.

Task 1 Participants were asked to create a conceptual domain model of a library.
Participants were told to use only blocks and directed arrows (the syntax of a
concept map), although they were free to expand this basic syntax if they felt
it was necessary. There was no time limit, and the stopping criterion was that
all relevant aspects, in the participant’s perception of a library, should be in
the model. After that they were asked about their thought processes, why they
chose the extended representation they used and whether they found modelling
intuitive.

Task 2 Participants were first asked to view a 30-minute fragment from the
BBC documentary ‘Journey of Life’, episode 1 - ‘Seas of life’ about the first
phases of evolution. Participants had a basic knowledge of evolution. During the
film, participants were allowed to take notes in whatever form they liked, such
as plain text, structured text, schemes etc. After the film, the participants were
asked to create a concept map (with the possibility of extended syntax) of what
they had just seen: what had happened during the first phases of evolution.
The rules were the same as in the other task, and the participants were also
interviewed afterwards.

3 The Code System and Analysis

The data was analysed by using a code system to add structure to the data.
In this exploratory phase, we forego any attempt at statistical analysis of code
usage, because we believe it is important first to get a qualitative description of
the observed phases of modelling behaviour.

All experiments were recorded on video and transcribed. The transcripts were
analysed using a code system derived from literature. Four code families were
created.

The family Type of relation between concepts in mind is based on [7]. Ac-
cording to Gwee, stored knowledge in humans consists at the most fundamental
level of concepts associated in the individual’s mind, connected with the follow-
ing possible relations: association (A related to B), similarity (A similar to B),
hierarchical (B subset of A), causal (A causes B) and contiguity (B follows A)
[7]. By marking how often these relations occur in modelling acts by novices and
experts, we can get an idea of which relations are most natural to the human
mind.

The code family Phases in process of modelling was formed by combining
a view from modelling research [22] with a scheme of human information pro-
cessing from psychology [15]. The code ’Abstraction’ appeared prominently in
both schemes, and therefore our interpretation of abstraction receives further
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attention in section 5.2.

The third family Metaphor of human thinking is based on the literature by
[5, 6, 12] and further accounts for the psychological processes performed by the
individual. Though all metaphors, discussed in more detail in section 5.1, repre-
sent relevant characteristics of thought, only Habit and Awareness have proved
themselves useful to be included in the coding system for analysis. Habit points
out how previous habits influence modelling behaviour, in which cases habits
are useful and in which cases habits may present obstructions to easy modelling.
Awareness and related shifts in awareness allow us to track which aspects receive
most attention and how people browse through the domain in their minds.

An overview of the codes sorted by code family is given in table 1.

Type of relation between|Phases in process of|{Metaphor of human
concepts in mind modelling thinking
Association Abstraction Habit
Causal Generalisation Stream of thought
Contiguity Selection Awareness
Hierarchical Classification/ Categorisa-|Incomplete utterances
tion
Similarity Storage Knowledge under construc-
tion
Structuring
Reflection

Table 1. An overview of the codes sorted by code family.

Finally, a fourth code family, Modelling concepts used was created. This code
family is not based on literature, but rather on observations of which concepts the
participants used in their models. There are some concepts used by all modellers,
which implies they seem to be in harmony with an individual’s natural thought
patterns. Other concepts were only seen in models created by experts, which
suggests these have been learned and based on habits from everyday modelling
languages used and tasks done. Apart from the codes, a memo was attached to
each utterance in the transcripts describing exactly what happens with regard
to the observable process of modelling behaviour.

The codes linked to the transcripts give an indication of which concepts are
most often used, which is crucial as an impression of intuitive modelling concept
use. An overview of the codes with their number of occurrences is given in table
2.

4 Results

From the observed modelling behaviour and the modelling concepts used, it can
be said that both novices and experts alike are comfortable with thinking about
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lModelling concepts used [Number of occurrences
Action, staff-related 7

Action, user-related 11

Actor definition, explicit 4

Actor definition, implicit 9

Attribute, generic 4

Attribute, specific 10

Relation, implicit

Interaction moment, explicit

Object type, abstracted
Object type, instantiated

1
6
Interaction moment, implicit 4
2
7

Expert use only

Relation, explicit 8
Business type 2
Constraint/condition 2
Data type assigned 4

Table 2. Overview of the specific modelling concepts used.
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Fig. 1. Examples of data and data analysis

a domain from a user oriented perspective. Also both novices and experts include
staff in the model, but thinking in terms of organisational processes is only shown
by experts, implying that this way of thinking is acquired as a specialised skill.
Figure 2 shows a schematic overview of all specific concepts used in the models.
Light grey concepts are used by both novices and experts, white concepts are
only used by experts, and dark grey concepts are only used by novices.

However, this does not imply that thinking in processes in the more general sense
is a specialised skill. The general way of thinking observed in all participants was
the following: first an ad hoc mental walkthrough of the domain was done, re-
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Fig. 2. An overview of the specific modelling concepts used by the participants

sulting in a set of concepts capturing the essence of the domain. These concepts
were all semantically related and therefore thinking about one triggered recall of
the other. After the set of essential concepts had been written down, a phase of
process-oriented thinking was triggered, based on functional questions of what
one can do in the domain or what is happening in it.

Novice participants mentioned that they used visual cues in their minds,
either of a specific library or fragments from the film, to help them formulate
concepts about and support their thoughts on what was happening. They per-
formed and experienced certain processes in their minds and wrote them down
in the model exactly as such. A certain form of structuring, crude syntax dif-
ferentiation and abstraction was taking place, but there was no consistency in
the level of abstraction or syntax structure used. Novices felt the need for this
structuring but could not by themselves be consistent enough.

Before they started modelling, novices needed some time to verbalise their
thoughts to create structure in the possibilities. This phase of generating knowl-
edge was highly explicit in novices. Moreover, they were incapable of making a
proper selection of the concepts essential for a conceptual model. They simply
put in everything they thought of. During the film fragment trials, this effect was
less obvious since the film fragment had already done some selecting for them.

In contrast, even though the experts also mentioned making a link to the
concrete situation, the way in which this was done was immediately linked to an
abstract categorisation of the concepts. There was strict syntax differentiation
and re-use of previously defined relations, as well as consistency in abstraction
and structure. Experts mentioned doing a mental walkthrough of the different
processes in the domain on a functional level: placing themselves in the position
of the organisation. This attitude marks a key difference between experts and
novices and is probably acquired by instruction but even more by experience.

Finally, experts were able to do immediate reflection on their model as they
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were creating it. When things did not fit in satisfactorily, they were easily al-
tered, whereas novices only felt doubt about their representation but could not
derive any feedback from the discrepancies.

In figure 3 a colour-coded schematic overview is given of all thought processes
observed. Generally speaking, the observations suggest that there is a certain key
thought procedure that both experts and novices follow during modelling (light
grey route). However, there are certain processes only performed by experts
(white route) which they manage to integrate seamlessly in the entire key pro-
cedure. The dark grey route refers to phenomena only observed in novices, and
the black route represents the code families in relation to the model of modelling
behaviour.
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Fig. 3. An overview of the thought processes used by the participants

5 The Human Aspects of Modelling

In this section we further elaborate on the theory of thought used in the creation
of the code system. Also, a brief discussion is necessary on the background of
conceptual models and modelling as interpreted in this paper. Since the focus
is on exploring conceptualisation in and by the modeller, no specific distinction
is made between what kind of models are created, thereby justifying the use of
the generic term ‘conceptual models’.
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5.1 Characteristics of Thought

In [5, 19], five metaphors of human thinking are discussed, based on [13]. These
metaphors have been successfully incorporated in usability research. Using evalu-
ation guidelines based on the thought metaphors below has resulted in “finding
more problems ... of a more complex nature and ... more likely to persist for
expert users” [6], as compared to conventional usability measurement methods.

1. Habit
Habit plays an important role in human thought and physical actions, such
as automaticity, all linguistic activity, habits of reasoning.

2. Stream of thought
Humans experience their thoughts as a continuous, dynamic stream, repre-
senting the full “richness and wholeness of a person’s mental objects”.

3. Awareness
Awareness is shaped “through a focus of attention, the fringes of mental
objects, association, and reasoning”.

4. Incomplete utterances
“The incompleteness of utterances in relation to the thinking underlying
them and the ephemeral nature of those utterances”.

5. Knowledge under construction
The dynamics of human knowledge, always changing and incomplete.

5.2 Abstraction

When modelling, one purposely abstracts from observable facts in an attempt
to create a generic description of a complex situation, yet the link to the real
situation should not be lost. The ability to take an abstract point of view varies
per individual, and there is likely to be a clearly observable difference between
the ways in which experts and novices employ abstraction during modelling.

There are many ways to define abstraction, depending on which perspec-
tive is taken. In fields such as philosophy, mathematics and logic, abstraction is
characterised as information neglect: “eliminating specificity by ignoring certain
features” [1]. Whereas the rigid nature of abstractions in mathematics allows
ignoring of information, the highly dynamic and interactive nature of computer
science is fundamentally different and therefore requires a different interpreta-
tion: information hiding [1]. A key concept in information hiding is the deliberate
omission of irrelevant information so that the focus is only on the relevant as-
pects of conceptualisation. A simple utterance such as ‘The desk is brown’ is
already a form of abstraction, since many details are left out, such as the mate-
rial it is made of, its exact size, its shape etc. Yet the assumption is that those
details still exist, and may at some point become relevant again.

In this paper the perspective of information hiding is used when talking about
abstraction. We have no objective way of measuring abstractions during mod-
elling, therefore modelling acts employing abstraction are identified subjectively
by the researchers.
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5.3 Models

Some words need to be spent on the definition of a model. Generic dictionary
definitions emphasise the notions of representation and visualisation as being
central to a model. A more specific, IT-oriented definition is the one formulated
by Dietz [3]: “Any subject using a system A that is neither directly nor indirectly
interacting with system B to obtain information about the system B, is using A
as a model for B.” Dietz explains that A can (but need not necessarily) be a
conceptual, abstracted representation of B, bearing some sort of similarity to
the system B such that it can take on the role of a model.

For the purposes of this research, we provide the following definition of a
model, centred around the key concepts discussed above:

A purposely abstracted, visual or textual representation of a clearly
demarcated part of what the modeller perceives as reality, or of a situa-
tion, not necessarily in existence yet, which the modeller perceives to be
efficient and logical.

5.4 Modellers

A realistic modelling situation typically involves both stakeholders, or domain
experts, and expert modellers, or system analysts. While it is clear that both
parties lack certain knowledge and are therefore required to complement one
another, this is not always a self-evident process. Problems in knowledge transfer
can occur due to difficulties in communication or understanding, use of jargon,
limited time or lack of empathy [11]. Apart from this, there are basic skills which
are required of all participants [4]. The following is a short overview of the most
important skills needed to come to a model (based on [4]).

Domain Experts Domain experts must be able to provide complete informa-
tion. While this may seem evident, in practice it can be extremely difficult to
come up with every single relevant aspect of the application domain. Domain
experts must be able to organise the information in accordance with the dynam-
ics of their application domains, to validate any description of the domains and
to judge the significance of each part of the description. Another desirable skill
is that domain experts can think on an abstract level.

System Analysts System analysts are required to handle implicit knowledge,
which is possessed by the domain expert. System analysts must be able to detect
the presence of this knowledge and elicit it in an appropriate way. They must
be able to validate a description of the domain for consistency and match the
domain expert’s utterances to concepts of the modelling technique in use. The
ability to think abstractly is even more important for system analysts, and last
but not least they must be able to understand the domain expert’s world view.
This is very important when it comes to eliciting tacit knowledge.
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5.5 Modelling

The research presented is an exploratory study of behaviour shown by people in-
volved in a conceptual modelling process. For a detailed discussion of conceptual
modelling, see [4, 28, 29]. In [28, 29], a study on the way of working as applied by
information engineers is described. Conceptual modelling is an iterative process,
leading to more structured modelling tasks and models as the process advances.
Also, more refined modelling concepts are used as the model becomes more de-
tailed. No strict order of performing tasks is adhered to. Modelling tasks are
performed when there is a need to gain insight into a certain part of the prob-
lem area, or to communicate aspects of the problem area to users. It is very
much dependent on the nature of the problem and the domain. The part of the
problem domain which is paid attention to is also determined by need. Verhoef
[28] found data models and process models to be used interchangeably, even
though the use of different strategies for data modelling and process modelling
were observed.

6 Discussion and Conclusions

Efforts to improve usability of modelling techniques have so far mainly focused
on making the syntax appear more intuitive or self-explanatory to the user, for
instance by colouring or shape consistency [18, 16, 17]. In this study, we have
tried to assess what type of thought comes naturally to novice modellers, so that
we may eventually design modelling support that supports the novice’s way of
thinking.

One of the main obstacles in this study is the small sample size. However, it
was interesting to observe that all participants followed the same basic, high-level
thought process of trying to grasp the essence of the domain before proceeding
to a process-oriented thought pattern to recall more of the functionality within
the domain.

The main differences between experts and novices are that experts have a
much richer mental model of available modelling concepts and that they integrate
all phases of modelling into their behaviour, such as recalling facts, abstracting,
structuring, generalising, selecting and reflecting, and are able to use each func-
tion immediately whenever they feel the need.

Novices show much clearer demarcation between the phases, and also use
fewer phases. They clearly start with the recall phase, generating whatever they
know about the domain. Then, crude abstractions are made, structuring knowl-
edge as it is stored in their minds, and seemingly omitting the phases of gener-
alising, selecting and reflecting. Yet these phases are crucial when it comes to
consistently including relevant information at the right level of abstraction in
the model.

Observation of experts does suggest that a modelling mindset utilising strict
consistency in categorisation and syntax use is very much a specialised skill, but
above all, that such a mindset comes from a great deal of everyday experience,
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since the industry experts were a lot stricter with this than the student expert.

In conclusion, it may therefore be said that support for the novice while per-
forming the desired skills [4] should focus on aiding consistency, finding the right
level of abstraction, selecting the relevant concepts and supporting on-the-fly re-
flection on the model. This support might take the form of guidance questions,
either by means of an automated tool or provided by a facilitator. The best way
for providing support still remains an issue for future research, and may also
depend on the modeller in question.

Further research will focus on verifying the proposed hypothesis with a larger
sample size. A stronger link to psychological theory of human thinking is im-
portant, as is a further extension of individual thought processes to behaviour
in collaborative modelling situations, since all participants said that they would
rather have carried out the modelling task with two or three people. Seeing how
individual behaviour merges into group behaviour will be an interesting aspect
to consider.
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