
Feasibility of Flexible Information Modelling 
Support 

T.F. Verhoef 1 and A.H.M. ter Hofstede 2 

lID Research 

Kastanjelaan 4 

NL-3833 AN Leusden 

The Netherlands 

e-maih DVerhoef~idr.iaf.nl 

2Department of Information Systems 

University of Nijmegen 

Toernooiveld 1 

NL-6525 ED Nijmegen 

The Netherlands 

e-mail: arthur@zeus.cs.kun.nl 

Abstract 

The necessity of CASE tools for system development is beyond dispute. The 
current generation of CASE tools, however, is too inflexible to provide adequate 
modelling support. One of the proposed solutions to this problem is the devel- 
opment of so-called CASE-shells. A CASE shell is a method independent CASE 
tool, which may be instantiated with a specific method to become a CASE tool 
supporting that method. As such, a CASE shell provides complete flexibility. 
This paper does not address the benefits of CASE shells, as they are completely 
clear, but focuses on the feasibility of thi~ concept from a theoretical as well as 
a practical point of view. 

1 I n t r o d u c t i o n  

CASE tools are currently considered to be an indispensable part of the systems engi- 
neer's toolkit. Justification of CASE tools is no longer subject of debate, and [Flo86]). 
Naturally, the range of the required facilities should be thoroughly understood before 
using automated tools, see also [BS87]. In this reference an environment (automated or 
not) is proposed supporting the practising information engineer in the use of suitable 
techniques, depending on the current situation. CASE tools, however, have the prob- 
lem that  the view of the information systems development life cycle to be supported 
has been hard-coded in these tools, and therefore cannot be changed or customised to 
include also knowledge that is based upon information engineers' practical experience. 
By consequence, information engineers are left with the problem of finding a way of 
applying these rigid tools in their information engineering practice. 

From the mid-1980s onwards, research has focused on this problem. It is claimed 
that automated tools are preferably built according to a CASE shell architecture. 
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Such an architecture allows for the modification and extension of the tool's behaviour 
as the tool includes explicit and adaptable method knowledge. As a consequence, 
information engineers are able to adapt support tools to their working styles instead of 
the other way around. Crucial for the development of a CASE shell is the availability of 
a suitable and formally defined technique for the representation of method knowledge. 
Such a technique is referred to as a meta-modelling technique. Method knowledge 
represented in a CASE shell according to such a technique is called a meta-modeI. 

The concept of a CASE shell is not new. Commercial products such as Toolbuilder 
of IPSYS Software, Virtual Software Factory of Systematica and MetaDesign of 
Meta Software Corporation or academic products such as RAMATIC [BBD+89], 
Metaview [STM88] and MetaPlex [CN89], claim to generate CASE tools tailored to 
specific methods and organisations. Even a tool exists (MetaEdit [SLTMgl]), that 
supports the modification of meta-models. However, all these shells focus on the sup- 
port of modelling techniques and hardly pay attention to the modelling process (the 
importance of which is stressed in [KDH86], [Pot89], [WH90], and [LM86], among 
others). Furthermore, the degree of support of modelling techniques which they offer 
is limited, due to the low expressive power of the meta-modelling techniques used. 

The focus of this paper is on the ]easibility of flexible support of information modelling 
in the early phases and as such on the feasibility of CASE shells. Flexible support 
is of course considered to be feasible if its benefits outweigh its realisation effort. 
As the benefits are clear, this feasibility study focuses on the effort needed to realise 
adequate flexible support. This effort is determined by the complexity of the modelling 
knowledge to be captured in general, and the diversity needed to support individual 
information engineers. As a result, it is important to know (1) the complexity of 
information modelling in the early phases and (2) the extent to which flexibility is 
needed in these phases. 

With respect to the first research question, it can be remarked that the early phases 
of systems development are still poorly understood (cf. [GC88]). Activities in these 
stages are characterised by incompleteness and vagueness [Bel85]. Terminology is 
often fuzzy and not standardised. Therefore, a prerequisite for dealing with the 
first research question is a language in which information modelling concepts can 
be adequately expressed, i.e. an adequate meta-modelling technique. State-of-the-art 
meta-modelling techniques, as described in [AC92], [H()92], [Bri90], and [SLTM91], 
are not fully suited for this purpose. They do not have sufficient expressive power 
to capture information modelling concepts and rels between these concepts, and 
tend to neglect the modelling process. In addition to that they rarely have a formal 
semantics and therefore only tend to add to the current confusion with respect to in- 
formation modelling (see also [HW92]). In section 2, focus is on the various aspects of 
information modelling and their relations, essential for flexible support. In section 3, 
techniques are described that are capable of formally describing the aspects described 
in section 2. Focus in this section is not on the techniques as such, but rather on the 
inherent complexity of an adequate meta-modelling technique. 

With respect to the second research question, it can be remarked that relatively little 
is known about the diversity of information modelling processes in practice and the 
corresponding degree of flexibility needed for adequate support. Empirical studies 
reported in the literature (e.g. [Gui90a], [Gui90b], [Ba187], [Wij91] and [BB93]) show 
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that information modelling knowledge as applied by experienced information engineers 
turns out to deviate from modelling knowledge described in textbooks, regarding both 
modelling concepts and the way models using these concepts are constructed. These 
studies served as a starting point for the experiments described.in section 4, which 
focused more closely on the precise behaviour of information modelling experts and 
the degree of flexibility needed for adequate support. 

In section 5 the findings of the previous sections are summarised and the feasibility 
of adequate flexible support of information modelling processes in the early phases 
is addressed. The question arises whether the concept of a CASE shell is a realistic 
goal, given the inherent complexity of an adequate meta-modetling technique and the 
desired degree of flexibility. 

2 A V i e w  on Information Model l ing  

Information modelling processes can be looked upon from many different perspectives, 
depending on the underlying goal. From a management point of view, resources, dead- 
lines, and quality requirements are important. From a collaboration perspective, the 
focus will be on communication between individuals in groups. Given our goal, the 
investigation of the feasibility of flexible support, knowledge about the information 
modelling processes to be supported is important. This knowledge has to be reflected 
in flexible information modelling support environments. Therefore, this section ad- 
dresses our view on information modelling by exploring the structure of the repository 
of a CASE shell. 

Essentially, three orthogonai dimensions are recognised within the repository. In its 
most elementary form, the structure of the repository of a CASE shell can thus be 
represented as a 2x2x2 cube, see figure 1. These dimensions are discussed subse- 
quently. 

It is important to realise that the combination of these, as such relatively well-known, 
dimensions poses significant demands on the, by consequence inherent, complexity 
of meta-modelling techniques necessary for adequate information modelling support. 
Section 3 may be interpreted as a justification for this statement. 

Figure 1: Information modelling dimensions 
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The first dichotomy is that of method level versus application level, also referred 
to as types versus instances. The method level is concerned with knowledge which 
may be used by information engineers. The method level controls the ways how 
information modelling processes may be performed, and defines which products may 
result from those information modelling processes. The application level is concerned 
with information which results from projects for specific organisations and applications 
by a specific group of information engineers. The application level is an instantiation 
of the method level. 

The second dimension is that of process versus product: in order to provide informa- 
tion modelling support, it is necessary to have knowledge about the (intermediary) 
products and their relationships on the one hand, and about the underlying mod- 
elling process on the other hand. In other words, both questions "what should be 
produced?" and "how should it be produced?" should be answered. In [Wij91], the 
process side is referred to as the way o/working, while the product side is referred to 
as the way of modelling. 

Knowledge about information modelling processes is structured by several key con- 
cepts. It is necessary to know which tasks may be performed as part of an information 
modelling process. Tasks can be large tasks: "Perform the Business Area Analysis" 
within the Information Engineering method, and can be minor tasks: "Add a to- 
tal role constraint to an Information Structure Diagram" within the NIAM method 
([NH89]). These examples show that decomposition is a key concept too: tasks may 
be decomposed into subtasks. Knowledge about information modelling processes also 
concerns the flow of control: which tasks may be performed next? 

Knowledge about information modelling products shows the structure of and the re- 
lationships between information modelling products. Examples of information mod- 
elling products are a "list of requirements", a "CRUD matrix", a "cardinality con- 
straint", and an "organisation hierarchy". Examples of structure and relationships: 
"attribute types belong to entity types" and "organisation hierarchies consist of or- 
ganisation units". 

This completes the discussion of the second dimension. It should be clear that the 
two dimensions are orthogonal: both knowledge about information modelling pro- 
cesses and knowledge about information modelling products exist at method level 
and at application level. To clarify this, it may be specified, at method level, that the 
following tasks are to be performed: (i) "Select manager for interview session", (ii) 
"Interview manager", and as a result (iii) "Refine organisation model". These three 
tasks may be succeeded by the decision (iv) "Is the organisation model at the desired 
level of detail?", which triggers task (i) if the outcome is negative, and which leads 
to continuation if the outcome is positive. Correspondingly, execution of these tasks 
in a specific project, at application level, may lead to dozens of specific interviews 
and specific model refinements. Analogously, a notion such as "entity type" on the 
method level, may lead to many instances on the application level, e.g. "Customer" 
and "Article". 

The third dichotomy concerns the difference between conceptual and graphical knowl- 
edge. Evidently, models must be represented in one way or another: diagrams, matri- 
ces, tables, lists, and program specifications are examples. A dear distinction should 
be made between the modelling concepts and their external notation. In [SBL89] it 
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is argued that some methods allow alternative equivalent notations for one and the 
same modelling concept, but that on the other hand similar graphical and textual 
topologies can represent different types of modelling concepts. 

A similar argumentation is valid for the process oriented view on information mod- 
elling. If one looks at some of the commercially available CASE tools, one observes 
different ways of model manipulation, for example, how entities can be created in 
entity relationship diagrams. In IEW one action within the ERD window suffices to 
create an entity. In Excelerator a menu selection has to be performed first, after which 
one can point at the location preferred. 

This third distinction is particularly important for CASE shells. In some way or 
another, it has to be specified how models appear on the screen and how actions can 
be performed on these represented models. Furthermore, the specification of graphical 
knowledge allows information engineers to change the user interface of tools to their 
own preferences. 

Again, it should be clear that this third axis is orthogonal in relation to the tw o  

previous ones. Both knowledge about information modelling processes and informa- 
tion modelling products have graphical counterparts. Modelling concepts such as data 
flows and organisation units are related to graphical notions such as arrows and boxes. 
Conceptual tasks such as additions of model components lead to graphical interaction 
patterns such as menu selections, object clicking and dragging, and so on. 

3 Complexity of Meta-Modelling 

A meta-modelling technique is a technique in which modelling knowledge can be ex- 
pressed. As such, a meta-modelling technique should at least be capable of capturing 
the various perspectives on information modelling as described in the previous section. 
This implies that a meta-modelling technique should have sufficient ezpressive power. 
There are, however, other requirements that meta-modelling techniques have to fulfil. 

As a meta-model should not be ambiguous, a meta-modelling technique should be 
formally defined (both syntax and semantics, see also [HW92]). It has to abstract 
from implementation details. Meta-models often need to be validated with mod- 
elling experts, therefore a meta-modelling technique should support the construction 
of comprehensible meta-models (e.g. offer graphical representations, decomposition 
mechanisms etc.). Finally, for the development of CASE-shells meta-models should 
be executable. 

In this section, (partial) meta-modelling techniques for the various perspectives on 
information modelling are outlined. As stated before, the goal of this section is to 
stress the inherent complexity of meta-modelling rather than to provide an in-depth 
treatment of the various techniques. This section reflects the view on information 
modelling presented in the previous section. Section 3.1 concerns the representation of 
product oriented knowledge, section 3.2 concerns the representation of process oriented 
knowledge. Both these sections exclude the representation of graphical knowledge, so 
they are restricted to conceptual knowledge. 
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3.1 R e p r e s e n t i n g  a W a y  o f  M o d e l l i n g  

Modelling techniques in general contain concepts with complex structures and their 
models usually have to satisfy quite complex rules. To capture these structures and 
rules, a powerful data modelling technique is required, together with a powerful con- 
straint modelling technique. In this section the data modelling technique PSM and the 
constraint modelling language LISA-D are highlighted. The Predicator Set Modelling 
technique (PSM) has been specifically defined with the representation of complex 
structures, often needed for meta-modelling, in mind. PSM is defined in [HW93], and 
LISA-D in [HPW93]. 

The elementary notions of object type, relationship, and role are assumed to be well- 
known. For their graphical representation, the NIAM style has been adopted. First, 
the necessity of complex objects and object inheritance is illustrated by several meta- 
modelling problems. Subsequently, attention is paid to constraints to represent com- 
plex rules in product knowledge. 

3.1.1 Object  Composi t ion 

Knowledge about information modelling products can be characterised as structured 
in a complex way. For example, the information modelling product "entity-relationship 
diagram" consists of a large variety of information model components. To describe 
these composition relationships between modelling concepts, PSM offers three repre- 
sentation mechanisms for object composition: set types, sequence types, and schema 
types. 

An instance of a set type is a set of instances of its element type. As a simple example of 
the use of set types in the context of meta-modelling, consider the total role constraint 
in NIAM. An example of such a constraint is depicted in figure 2. 

"-- . . . ,  
/ 

-~P 

Figure 2: A sample total role constraint in NIAM 

In this figure the total role constraint requires every instance of entity type A to 
participate in at least one of the roles p, q and r. Syntactically, a total role constraint 
is nothing more (or less) than a set of roles. Total role constraints have no other 

- identification than their constituing roles. In a meta-model of NIAM, the total role 
constraint should therefore be modelled as a set type having an object type "Rote" 
as its element type (see figure 3). 
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Total-role- constraint 

Figure 3: An example of a set type in the context of a meta-model of NIAM 

Sequence types can be compared to set types. The differences are that, in the case of 
sequence types, the ordering of elements is important and elements may occur more 
than once. An instance of a sequence type is a sequence (tuple) of instances of its 
element type. A clarifing example of the use of sequence types is given in [Hof93] 
where a meta-model of JSD entity structure diagrams is explored. This meta-mode] 
captures the fact that an action can be decomposed into a sequence of other actions. 

The third and most complex representation mechanism within PSM is schema objec- 
tification. Schema objectification allows to define part of a schema as an object type 
(referred to as schema type). Schema objectification can thus be seen as a decompo- 
sition mechanism. An instance of a schema type is an instantiation of the associated 
schema part. Schema types are particularly important for meta-modelling as they al- 
low for a natural representation of decomposition constructs in modelling techniques. 
As an example of a schema type, consider the meta-model of Activity graphs as shown 
in figure 4. 

Aclivily-graph 
Input has- is- 

A(~A~ ~ imp) asqnput lapin-of 

~" I I I ~s-  . 
as-OUlpUt output..of 

Oulpul 

decomposed- de.eompcsition- decompOsilion- dccomp<~.d- 
into of of into 

Figure 4: An example of a schema type in the context of a meta-model of activity 
graphs 

Activity graphs are bipartite directed graphs consisting of activities and states. States 
can be input and output for activities and can be compared to flows in DFDs. Both 
states and activities can be decomposed into other activity graphs. Figure 4 shows the 
use of the concept of Schema type to represent the meta-model of Activity graphs. 
"Activity graph" is a schema type, the decomposition relation is reflected by the 
binary relationships to "Activity" and "State". 
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3.1.2 Object Inheritance 

PSM offers two representation mechanisms for the representation of inheritance of 
properties between modelling concepts: specialisation and generalisation. 

Specialisation, also referred to as subtyping, is a mechanism for representing one or 
more (possibly overlapping) subtypes of an object type. Intuitively a specialisation 
relation between a subtype and a supertype implies that the instances of the subtype 
are also instances of the supertype. Specialisation relations are organised in so-called 
specialisation "hierarchies". The top of a specialisation hierarchy is referred to as 
the pater familias. Identification of subtypes is derived from their supertypes, as 
Object types inherit all properties from their ancestors in the specialisation hierarchy. 
Graphically, each specialisation relation is represented as an arrow. Specialisation is 
useful in the context of meta-modelling as it allows the definition of specific subsets 
of instances of certain object types for which only specific relations are important. 

Generalisation is a mechanism that allows for the creation of new object types by 
uniting existing object types. For generalisation it is typically required that the gen- 
eralised object type is covered by its constituent object types (or specifiers). Fur- 
thermore, properties are inherited "upward" in a generalisation hierarchy instead of 
"downward", which is the case for specialisation. This also implies that the iden- 
tification of a generalised object type depends on the identification of its specifiers. 
Generalisation allows for the specification of recursive structures. In the context of 
meta-modelling this is important as e.g. document structures often are of a recursive 
nature. Graphically, generalisation is represented by means of dashed arrows. 

3.1.3 Cons t ra in t s  

PSM offers a number of graphical constraint types for the representation of rules 
which hold for modelling products. Examples can be found in the meta-model of 
Yourdon DFDs presented in figure 5. This meta-model also demonstrates the need 
for the many type construction mechanisms in PSM. First the DFD concepts which 
appear in this meta-model are clarified. 

According to [You89], a DFD pictures a system as a network of functional processes. 
The main components of a DFD are processes, flows, data stores, and terminators. 
A process transforms input into output. Processes have a process specification or 
are decomposed into a DFD. Each process has a number. Control processes are a 
special kind of process. A control process does not process data, but coordinates 
other processes. The operation of a control p~ocess is modelled by means of a state 
transition diagram. Terminators represent external processes communicating with the 
system under consideration. Data stores model collections of data "at rest". Data 
stores may be external, which means that they are used for communication with the 
outside world. 

Flows represent data "in motion". Several types of flows exist. A simple flow has 
a source and a destination. Processes, data stores and terminators can be source or 
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DFD 

de-comp~r decomposhion- 
into of 

Figure 5: Meta-model of Yourdon DFDs 

destination of simple flows. A complex flow consists of a set of flows converging to 
one other flow or a flow diverging into a set of other flows. Control flows represent 
triggers, i.e. signals or interrupts. 

Some of the graphical constraints in this meta-model deserve some further explanation. 
We only explain some of the graphical constraints in figure 5. The total role constraint 
on the role named "has" attached to the object type "DFD-Element" expresses that 
each instance of this object type has to have a "Name". The two exclusion constraints 
attached to binary relationship types express that the source and the destination of a 
"Data-Flow" are different and that the source and the destination of a "Control-Flow" 
are different. The two uniqueness constraints each over two relationship types, express 
that no two "Data-Flows" with the same "Name" have the same "DFD-Object" as 
destination and that no two "Data-Flows" with the same "Name" have the same 
"DFD-Object" as source. The occurrence ]requency constraint on the role with role 
name "relates-to-lower-level" expresses that a "Data-Flow" is related to at most two 
other "Data-Flows" on a lower decomposition level. The exclusion constraint attached 
to the set type "Flow-Group" states that a "Data-Flow" does not occur in more than 
one "Flow-Group". 

Of course, there are many other constraints that have to be fulfilled. These constraints, 
however, are too complex to be expressed using the graphical constraint types offered 
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by PSM. It should even be noticed that the strive for expressing the most complex 
constraints graphically might decrease the comprehensibility of the meta-model under 
consideration. Figure 5 provides a good example of a meta-model which cannot be 
grasped at once, even in spite of the fact that only a mir~ority of the constraints 
applicable are represented graphically. 

The language LISA-D has been introduced for the representation of constraints that 
cannot be graphically expressed in PSM. LISA-D expressions exploit the natural lan- 
guage basis of PSM to improve comprehensibility. In meta-models, complex con- 
straints often occur. We do not treat the language LISA& within the scope of this 
paper, but refer to [Hof93]. 

3.2 R e p r e s e n t i n g  a W a y  o f  W o r k i n g  

This section addresses several constructs for the representation of a way of working. 
As stated in section 2, a way of modelling and a way of working are closely related. 
Therefore, attention is also paid to the representation of relationships between a way 
of modelling and a way of working. 

To represent knowledge about information modelling processes adequately, constructs 
are needed that allow for the description of moments of choice, sequence, parallelism, 
synchronisation, and iteration. Task s~ructures (formally defined in [HN93]) contain 
constructs for expressing these task dependencies. In figure 6, the main concepts of 
task structures are graphically represented. They are discussed subsequently. 

decomposition ($3- - :  . . . . . . . .  .......... 
\ task ~ ~ ~ ~ ~ ~ ~ 

\ initial item 
\ 

, ,  / ~ f l r i g g e r  

\ non-terminating [ 
\ \ \  \ decisio~ ~ 7sync~ortiser 

\ term i.natin [ 
\ \ \ \ \ dgelslon 

Figure 6: Graphical representation of task structure concepts 
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The central notion in task structures is the notion of a task. A task is defined as 
something that has to be performed in order to achieve a certain goal: the realisation 
of (part of) some information modelling product. A task can be defined in terms 
of other tasks, referred to as its subtasks. This decomposition may be performed 
repeatedly until a desired level of detail has been reached. Tasks with the same name 
have the same decomposition, e.g. the tasks named B in figure 6. Performing a task 
may involve choices between subtasks, decisions represent these moments of choice. 
Decisions coordinate the execution of tasks. Two kinds of decisions are distinguished, 
terminating and non-terminating decisions. A decision that is terminating, may lead 
to termination of the execution path of that decision. If this execution path is the 
only active execution path of the supertask, the supertask terminates as well. 

Triggers, graphically represented as arrows, model sequential order. In figure 6 the 
task with name G can start after termination of the top task named B. Initial items 
are those tasks or decisions, that have to be performed first as part of the execution 
of a task that has a decomposition. Due to iterative structures, it may not always 
be clear which task objects are initial. Therefore, this has to be indicated explicitly. 
Finally, synchronisers deal with explicit synchronisation. In figure 6 the task named 
H can only start when the tasks with names C and G have terminated. 

3 . 3  C o n c l u s i o n s  

This section has given a flavour of the complexity of the representation of modelling 
knowledge, according to the view on information modelling of section 2. It is shown 
that modelling knowledge is very complex to be represented in its full variety. Mech- 
anisms are needed to represent complex object structures, to represent complex rules, 
to represent tasks within information modelling processes in all their orderings and 
decompositions, and to represent graphical representations and interaction patterns. 
Furthermore, many interrelationships exist between these items. 

At the same time, we have deliberately used the term "fiavour". To offer one coherent 
toolkit for an adequate representation of modelling knowledge, even more represen- 
tation mechanisms are required, such as those described in [Hof93] and [HV94]. This 
reference restricts itself to the formal definitions for the representation mechanisms 
within the conceptual part of the cube. A first attempt to a formal definition of the 
representation mechanisms within the graphical product oriented part of the cube is 
given in [HVNW92]. 

4 Diversity of Information Modelling 

This section focuses on the second research question which is addressed in this paper. 
Since this paper deals with flexible support of information modelling processes, it is, 
of course, necessary to know how much flexibility is needed, in other words, to know in 
which manner and to which extent information modelling processes deviate from each 
other. As stated before, little attention has been paid in the literature to differences 
and similarities between information modelling processes. This section discusses the 
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insight gained while comparing information modelling processes, both in theory and 
in practice. For a detailed discussion of both the approach and the results, see [Ver93]. 

4 .1  R e s u l t s  

This section discusses the insights gained by representing the modelling knowledge 
as it is prescribed in the Yourdon method handbook of [You89], and by representing 
the modelling knowledge of the Yourdon method as it has been actually applied by 
three expert information engineers in two project situations. The representation of 
prescribed modelling knowledge and applied modelling knowledge has resulted in seven 
meta-models. These recta-models have enabled us to compare the individual experts' 
actual behaviour. Comparison has taken place, not only to grasp the diversity of 
information modelling processes, but also to compare the practice of information 
modelling processes to the so-called stick of reference. Methodological considerations 
about the experimental setting chosen and its justification are given in [Ver91] and 
in [Ver93]. 

Given our focus on the early stages, emphasis has been on data-flow diagrams (DFDs) 
and entity-relationship diagrams (ERDs) while using a product oriented view on mod- 
elling knowledge in Yourdon, and on constructing the essential model while viewing 
Yourdon's modelling knowledge from a process oriented perspective. 

4.1.1 A Produc t  Oriented Perspect ive 

Focusing on a way of modelling in Yourdon, the main modelling concepts are similar 
over the model type variants. For example, every ERD consists at least of entity 
types and relationships. DFDs always consist of processes and data stores, with flows 
between them. Although the main modelling concepts are similar, we observed that at 
the same time each model type variant has its own modelling concepts. Comparing the 
prescribed model type variants to the applied ones, we observed that some prescribed 
modelling concepts, such as complex data flow and associative object type, are not 
applied at all. At the same time, the experienced information engineers used more 
refined modelling concepts. Examples are customer and supplier rather than external 
party, and planning, control, preparation, transformation, and termination processes, 
rather than just processes. Finally, the applied model type variants contain more 
concepts which serve communication purposes (e.g. sample value) or which provide 
quantitative information (e.g. frequency and volume). In addition to ERDs and DFDs, 
several other modelling concepts were used by the experts as well, in particular to 
create a (sometimes only mental) model of organisational aspects during the problem 
analysis stage. These non-diagramming concepts are found only in the applied ways of 
modelling. Some typical examples are: problem cause, organisation unit, information 
need, and requirement. We observed that several different graphical notations are used 
to denote one modelling concept. Three external notations for the modelling concept 
relationship within ERDs were seen. One of the information engineers even used two 
different graphical notations during one knowledge acquisition session. Clearly, the 
choice of a fixed set of graphical notations is not considered to be a matter of relevance 
during the problem analysis stage. 
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4.1.2 A Process Oriented Perspective 

Consecutive modelling tasks gradually lead to more structured models, both in the 
prescribed way of working and in the applied ways of working. In the course of 
modelling processes, more, and more refined modelling concepts are used, and the 
intermediate models have to satisfy a growing number of verification rules. The nature 
of modelling tasks changes from free to structured. 

The applied ways of working differ from the reference book to a large extent with 
regard to the order in which modelling tasks are performed. The prescribed way of 
working is characterised by an almost strictly linear order of modelling tasks. The ac- 
tual application shows an opportunistic order, which is determined by characteristics 
of the problem domain and of the problem at hand, as well as by the expert's pref- 
erences. The information engineers reformulated their approach several times during 
the course of the knowledge acquisition sessions. In some cases, they even scheduled a 
number of tasks to be performed in advance. In most cases, however, they only stated 
that they preferred to pay attention to a specific part of the problem domain, usually 
to fill clear lacunae in their insights in the problem domain. Their momentary needs 
strongly influenced the order in which the several modelling techniques were used. 
Modelling techniques were used as a means to increase insight or to communicate 
insights, be it in the problem domain or in a specific solution scenario. 

The experts showed individual ways of working. This is clearly demonstrated by the 
relative dominance of data modelling and process modelling. One of the applied ways 
of working can be characterised as data driven, one as process driven, whereas the 
third shows an equilibrium between the two. 

Various process modelling strategies have been applied: input driven process mod- 
elling, output driven process modelling, and data driven process modelling. From an 
input driven point of view, processes handle events, and lead to other processes. From 
an output driven point of view, processes result in fulfilling information needs, and 
other processes are necessary to deliver the input for these processes. From a data 
driven point of view, processes manipulate data, i.e., create, read, update, and delete 
instances of entity types, relationships, and attributes. 

Various data modelling strategies have been applied too: noun driven data modelling, 
object driven data modelling, and process driven data modelling. In the noun driven 
strategy, each noun in the description is considered to be a candidate entity. In the 
object driven strategy, objects in the real world are related to each other. Each object 
is questioned for the necessity of storing information on it. The process driven strategy 
investigates each operating process for entity types, and integrates the resulting partial 
data models. 

As a final observation, the experts incorporated user participation as an essential 
ingredient in their ways of working. They often validated their results with respect 
to correctness and completeness. They focussed on comprehensibility of intermediate 
information models, by adding sample values or quantitative data. 
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4.2 Conclusions 

This section summarises the findings and insights with regard to the diversity of in- 
formation modelling processes in practice. It can be concluded from the individual 
meta-models that the information engineers differ from each other to a considerable 
extent, both in their way of modelling and in their way of working. This is a remark- 
able conclusion since the information engineers were expected to work according to 
the same underlying information systems development method. 

Furthermore, it can be concluded that detailed insights in similarities and differences 
between information engineers have been gained, but at the expense of a time-intensive 
approach. The six elicitation sessions led to voluminous text protocols, each including 
about 150 pages of text and about 30 diagrams, some of which went through several 
stages. Due to the bulky text protocols, the interpretation task and the conceptuaIi- 
sation task have been time-intensive for the knowledge engineer. This observation is 
even reinforced by the fact that the representations of the information engineers' way 
of working do not have a high level of granularity: within the context of creating a 
diagram, the representations indicate that the diagrams went through several stages, 
but they do not reach the level of manipulating individual objects. 

5 E p i l o g u e  

As stressed in the introduction of this paper feasibility of flexible information mod- 
elling support is dependent on (i) the complexity of information modelling in the 
early phases and (2) the extent to which flexibility is needed in these phases, The 
more complex information modelling is, and the more diverse information modelling 
processes are in practice, the more effort is needed to realise flexible information 
modelling support and the less feasible this goal is. 

Section 3 dealt with the first research question and demonstrated the inherent com- 
plexity of a meta-modelling technique capable of describing all the relevant aspects 
(as defined in section 2) of information modelling methods. Information modelling 
products are in general quite complex due to decomposition mechanisms, complex 
structures and complex rules. In addition to the rules that information modelling 
products (syntax) have to satisfy, their formal meaning (semantics) must be also de- 
scribed. In case of a data model this means that the meta-model should capture 
which instantiations satisfy the constraints specified and in case of a process model, 
this means that all possible process executions have to be defined on the meta-level. 
Information modelling processes may be quite complex if modelling tasks may be 
performed in parallel. Furthermore, a formal and complete description of the pre- 
cise effect information modelling processes may have on the various products (and 
vice versa) turns out to be difficult. Finally, both information modelling processes 
and products not only have to be approached from a conceptual point of view, but 
also from a representational point of view. Information modelling products may have 
complex associated representations and information modelling processes may have 
complex associated graphical interactions. This relation between the conceptual part 
of a meta-model and its representational part is essential for flexible support, but has 
hardly been investigated. 
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Section 4 dealt with the second research question and demonstrated the inherent 
diversity of information modelling in the early phases. The ways of modelling and 
the ways of working applied by the observed experienced information engineers differ 
to a large extent. Each information engineer uses its own rules, heuristics, graphical 
representations and so on. This means that for adequate flexible support, meta-models 
have to be constructed for each individual information engineer. Clearly, this is not 
feasible, especially since capturing the method followed by an experienced information 
engineer turns out to be a very time-consuming and difficult task. 

These problems may be partially solved if one is less ambitious. To achieve flexible 
support, it is necessary to find an adequate way to decrease the level of ambition 
whilst approaching this area. To be more precise, it is necessary to diminish the 
specification effort effectively. The easiest (and least satisfactory) approach is to 
neglect aspects of information modelling knowledge. For example, by not paying 
attention to the modelling process or by not paying attention to representational 
aspects. This approach has been used in the development of all "state-of4he-art" 
meta-modelling techniques mentioned in section 1. None of these techniques address 
the modelling process. In [VHW91], the modelling process has been addressed. This 
reference, however, neglects the representational aspects of information modelling. 
A more promising approach would be to exchange complete freedom for "controlled 
flexibility". Those specifying the knowledge base are then provided with a (pre- 
specified) generic meta-model, which may be adapted to one's needs by the application 
of a number of pre-defined meta-model transformations. Another promising approach 
to reduce the large specification effort is triggered by our observation that a detailed 
way of working of information engineers is difficult to acquire and requires a lot of effort 
to describe. Perhaps, it is best not to try to support this level in all details. Alternative 
support could then be achieved by offering a number of predefined operations. We 
consider such a building block approach to be an interesting issue for future research. 

Summarising, it is clear that unrestricted, adequate, flexible support of information 
modelling is, practically speaking, impossible to achieve. Sometimes~ however, re- 
strictions (e.g. when complete graphical support is not needed) may be perfectly 
acceptable. To balance benefits and efforts of flexible information modelling support, 
a research agenda has been presented, centered around the level of ambition to be 
realised. 
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