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Many modelling concepts!



Too many modelling concepts?



Much to model



The problem

• Practitioners, and learners, find it difficult to select among the many 
concepts


• At the same time, the need for precision in terms of the specific concepts 
is appreciated
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Hierarchical design of languages
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So, actually … a hierarchy

Active structure
Behaviour
Passive structure



Hierarchical design of ArchiMate

M. M. Lankhorst, H. A. Proper, and H. Jonkers. The anatomy of the ArchiMate 
language. International Journal of Information System Modeling and Design, 
1(1):1-32, 2010.



Hierarchical design of ArchiMate
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and learning to use an associated modelling tool. During stage 1 to 4, we therefore
suggest to avoid the use of such tools, and rather use pen-and-paper based “tooling”.
This allows learners to focus on first learning to conceptualise (stage 1 and 2), and then
focus on getting acquainted with the target enterprise modelling language (stage 3 and
4). We, therefore, suggest to introduce tooling as the last stage of the learning strategy.

Once modellers have gained basic modelling skills (i.e. stages 1 to 5), it would prob-
ably be wisest to first use tools that provide modellers with feedback during modelling
tasks [50, 51, 48].

5 Reflection

In this Section, we reflect on the validity of the teaching strategy as outlined in Sec-
tion 4, as well as identify required future work. We will do so from four different angles:
(1) foundations of modelling, (2) elaboration of the teaching strategy, (3) utilisation of
modelling tools that provide feedback during (learning of) modelling, (4) integration
with theories of learning, and (5) empirical validation of the proposed learning strategy.

Foundations: Even though Section 2 provided a theoretical base for the presented
strategy, more theoretical underpinnings of the concepts and ideas would be welcome.
Three streams of thought that we would like to combine and / or confront with are (1)
the notion of basic level categorisation from Lakoff [34] and (2) earlier work on concep-
tualisation as a linguistic [24] and cognitive phenomenon [37, 60]. Lakoff’s notion of
basic categories suggest that by the way we have come to experience the world around
us, we develop a basic level of categories, that can then be specialised into more refined
categories, or generalised towards more abstracted concepts. The underlying mechanics
can be useful to provide more fundamental guidance during the initial conceptualisation
of domains (stage 1 and 2), in particular to learners. In the same vain, stages 1 and 2
can benefit from fundamental insights into the process of conceptualisation.

Elaboration: As mentioned in Section 4, the strategy as outlined in this paper only
provides the humble beginnings towards a more elaborate strategy to learn enterprise
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1 Example

1: X(a) ) 9b[R(a, b)]

2: R(a, b) ) X(a) ^ K(b)

3: Y1(a) ) X(a)

4: Y2(a) ) X(a)

5: Z1(a) ) Y1(a)

6: Z2(a) ) Y1(a)

7: X(a) ) Y1(a) _ Y2(a)

8: ¬(Y1(a) ^ Y2(a))

9: Y1(a) ) Z1(a) _ Z2(a)

2 Traditional meta-models

Meta-model: M = hC,Ai, with concepts (predicates) C and constraints (axioms) A

Conformance of model m to meta-model M: m |= M

3 Nuanced meta-models

Meta-model: M = hC,Ai, Adi, with concepts C, immediate constraints Ai, and deferred constraints Ad

Final conformance of models: m |= M , m |= hC,Ai [Adi

Intermediate conformance, and ‘work’ W ✓ Ad that remains to be done:

m |=WM , m |= hC,Ai [Ad �W i and 8V⇢W [m 6|= hC,Ai [Ad � V i]

1
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What kind of behaviour?
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1 Example

1: X(a) ) 9b[R(a, b)]

2: R(a, b) ) X(x) ^ K(b)

3: Y1(a) ) X(a)

4: Y2(a) ) X(a)

5: Z1(a) ) Y1(a)

6: Z2(a) ) Y1(a)

7: X(a) ) Y1(a) _ Y2(a)

8: ¬(Y1(a) ^ Y2(a))

9: Y1(a) ) Z1(a) _ Z2(a)

2 Meta models

Meta-model: M = hC,Ai, with concepts (predicates) C and constraints (axioms) A

Conformance of model m to meta-model M: m |= M

1
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1 Example

1: X(a) ) 9b[R(a, b)]

2: R(a, b) ) X(x) ^ K(b)

3: Y1(a) ) X(a)

4: Y2(a) ) X(a)

5: Z1(a) ) Y1(a)

6: Z2(a) ) Y1(a)

7: X(a) ) Y1(a) _ Y2(a)

8: ¬(Y1(a) ^ Y2(a))

9: Y1(a) ) Z1(a) _ Z2(a)

2 Traditional meta-models

Meta-model: M = hC,Ai, with concepts (predicates) C and constraints (axioms) A

Conformance of model m to meta-model M: m |= M

3 Nuanced meta-models

Meta-model: M = hC,Ai, Adi, with concepts C, immediate constraints Ai, and deferred constraints Ad

Final conformance of models: m |= M , m |= hC,Ai [Adi

Intermediate conformance, and ‘work’ W ✓ Ad that remains to be done:

m |=WM , m |= hC,Ai [Ad �W i and 8V⇢W [m 6|= hC,Ai [Ad � V i]
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Nuanced view:
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1 Example

1: X(a) ) 9b[R(a, b)]

2: R(a, b) ) X(a) ^ K(b)

3: Y1(a) ) X(a)

4: Y2(a) ) X(a)

5: Z1(a) ) Y1(a)

6: Z2(a) ) Y1(a)

7: X(a) ) Y1(a) _ Y2(a)

8: ¬(Y1(a) ^ Y2(a))

9: Y1(a) ) Z1(a) _ Z2(a)

2 Traditional meta-models

Meta-model: M = hC,Ai, with concepts (predicates) C and constraints (axioms) A

Conformance of model m to meta-model M: m |= M

3 Nuanced meta-models

Meta-model: M = hC,Ai, Adi, with concepts C, immediate constraints Ai, and deferred constraints Ad

Final conformance of models: m |= M , m |= hC,Ai [Adi

Intermediate conformance, and ‘work’ W ✓ Ad that remains to be done:

m |=WM , m |= hC,Ai [Ad �W i and 8V⇢W [m 6|= hC,Ai [Ad � V i]

1
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Utilise the type hierarchy



4 Selection of interpretation

Meta-model: M = hC,Ai, Adi, with concepts C, immediate constraints Ai, and deferred constraints Ad

More explicit knowledge about subtyping and constraints needed

Let F , G, G1, . . . , Gn, and H be concepts/predicates in C, then we can define:

F HasSub
+
H , 8a[H(a) ) F (a)]

F HasSub
1
H , F HasSub

+
H ^ ¬9G[F HasSub

+
G HasSub

+
H]

F TotalSub {G1, . . . , Gn} , 8a[F (a) ) G1(a) _ . . . _Gn(a)],

where F HasSub
+
Gi for each of the G1, . . . , Gn.

If F (a) for some a, while F HasSub
1
H and not H(a),

then o↵er H(a) as an optional refinement of the interpretation of a

If F (a) for some a, while F TotalSub {G1, . . . , Gn} and there is no Gi(a),

then o↵er G1(a), . . . , Gn(a) as required refinement options for the interpretation of a

2

Utilise the type hierarchy

X K
R

Y1 Y2

Z1 Z2



Next steps
Utilise foundational ontologies and / or natural language processing to 
provide more guidance / suggestions in selecting interpretations

LodgesClient Claim
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The problem

• Practitioners, and learners, find it difficult to select among the many 
concepts


• At the same time, the need for precision in terms of the specific concepts 
is appreciated



Towards a solution

• Ongoing work!


• Requires a nuanced view of conformity of models to the meta-model


• Support modellers by active reasoning regarding:


• the constraints in the meta-model and compliance to the meta-model


• compliance to (relevant) (foundational) ontologies 
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