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Even though research in systems analysis and design has
been going on for over 40 years, successful software
development is still an art rather than a science.  In the 1980s,
Jones (1986) observed that a typical project was one year late
and 100% over budget.  Yourdon (1989) reported application
backlogs of four to seven years or more.  The maintenance
phase typically consumed up to 70% of the programmer’s
effort, and it was errors, not enhancements, that accounted for
40% of maintenance (Rush, 1985).  Page-Jones (1988) wrote:
“It looks as if traditionally we spend about half of our time
making mistakes and the other half of our time fixing them.”

We are, however, no better as we move toward the end
of this century.  The IBM’s Consulting Group (Gibbs 1994)
released the results of a survey of 24 leading companies that
had developed large distributed systems.  The numbers were
unsettling: 55% of the projects cost more than budgeted, 68%
overran their schedules, and 88% had to be substantially
redesigned.  A recent high-profile failure is the Denver Airport
baggage-handling system, responsible for delaying the opening

of the airport.  The Standish Group research (Chaos 1995)
predicted that a staggering 31.1% of projects would be canceled
before they ever get completed and 52.7% of projects would
cost 189% of their original estimates.

In the early days of computerized information systems,
technological failure was the main cause in the failure of
business data processing systems (Avison & Fitzgerald 1995).
Today, the failure of information systems is rarely due to
technology that is on the whole reliable and well tested.
Failure is more likely to be caused by miscommunication and
misspecification of requirements.  Similar sentiments were
echoed in the Standish Group’s report (Chaos, 1995) which
listed incomplete requirements and specifications as the second
most important factor that caused projects to be challenged
and the top factor that caused projects to be impaired and
ultimately canceled (Chaos, 1995).  A recent survey of hundreds
of Digital’s staff and an analysis of the corporate planning
database revealed that on average, 40% of the requirements
specified in the feasibility and requirements phase of the life

Information modeling is the cornerstone of information systems analysis and design.  Information models, the
products of information modeling, not only provide the abstractions required to facilitate communication between
the analysts and end users, but they also provide a formal basis for developing tools and techniques used in
information systems development.  The process of designing, constructing, and adapting information modeling
methods for information systems development is known as method engineering. Despite the pivotal role of modeling
methods in successful information systems development, most modeling methods are designed based on common
sense and intuition of the method designers with little or no theoretical foundation or empirical evidence.  Systematic
scientific approach is missing!  This paper proposes the use of cognitive psychology as a reference discipline for
information modeling and method engineering.  Theories in cognitive psychology are reviewed in this paper and
their application to information modeling and method engineering are also discussed.
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cycle were redefined in the later phases.  This cost Digital an
average of 50% more than the budgeted amount  (Hutchings
& Knox, 1995).

The process of investigating the problems and
requirements of the user community, and building an accurate
and correct requirement specification for the desired system is
known as information modeling (Siau, 1999; Siau & Rossi,
1998; Siau et al., 1997; Mylopoulos, 1992, Rolland & Cauvet,
1992; Kangassalo, 1990).

Information ModelingInformation ModelingInformation ModelingInformation ModelingInformation Modeling

Information modeling is the process of formally
documenting the problem domain for the purpose of
understanding and communication among the stakeholders
(Siau, 1999; Siau, 1998; Mylopoulos, 1992).  Information
modeling is central to information systems analysis and design,
and takes place in the early phases of the software development
life cycle.  The product of the information modeling process is
one or more information models (e.g., data flow diagrams,
entity-relationship diagrams, use cases, activity diagrams,
sequence diagrams).  Information model provides a conceptual
basis for communicating and thinking about information
systems (Willumsen, 1993), and a formal basis for tools and
techniques used in the design and development of information
systems (Kung & Solvberg, 1986).

Information models are constructed using information
modeling method, which can be defined as an approach to
perform modeling, based on a specific way of thinking,
consisting of directions and rules, and structured in a systematic
way (Brinkkemper 1996).  There is no shortage of information
modeling methods in the field.  In fact, it is a “methodology
jungle” out there (Avison & Fitzgerald, 1995).  Olle et al.
(1982) and Bubenko (1986) stated that the field was inundated
by hundreds of different modeling methods.  Recently,
Jayaratna (1994) estimated that there were more than a thousand
brand name methodologies worldwide.  The quest to develop
the next modeling method has been wittily termed the YAMA
(Yet Another Modeling Approach) syndrome (Oei et al.,
1992) and NAMA (Not Another Modeling Approach) hysteria
(Siau et al., 1996).  Even the new kid on the block, object
oriented approach, has more than a dozen variants.  Despite the
“impressive” number, miscommunication and misspecification
continue (Chaos, 1995).

To reduce the chances of misunderstanding and
miscommunication during information modeling, the use of
natural and intuitive modeling constructs (e.g., entity,
relationship, object) in information modeling methods has
been stressed and advocated (e.g., Chen, 1976; Coad &
Yourdon, 1991).  This, they claimed, would enable end-users
to better understand the information depicted in the information
model and to pinpoint incomplete or incorrect information in
the model.

Method Engineering and Modeling ConstructsMethod Engineering and Modeling ConstructsMethod Engineering and Modeling ConstructsMethod Engineering and Modeling ConstructsMethod Engineering and Modeling Constructs

Modeling constructs are semantic primitives that are
used to organize and represent knowledge about the domain of
interest (Sernades et al., 1989). Modeling constructs form the
core of an information modeling method. Method engineering
is the process of designing, constructing, and adapting modeling
methods for the development of information systems (Siau,
1999; Siau, 1998; Brinkkemper, 1996).  To design, construct,
and adapt methods, we need to understand the role and value
of each modeling construct.

The importance of modeling constructs can be viewed
from two perspectives: ontology and epistemology of
information systems analysis and design.  Ontology is
concerned with the essence of things and the nature of the
world (Wand & Weber, 1993; Avison & Fitzgerald, 1995).
The nominalist position in ontology argues that “reality is not
a given immutable ‘out there’, but is socially constructed.  It
is the product of human mind” (Hirschheim & Klein, 1989).
The choice of modeling constructs, therefore, directly
influences what the modeling method regards as important
and meaningful versus what it suggests as unimportant and
irrelevant.  For example, the use of the entity-relationship (ER)
approach emphasizes entities and relationships but ignores the
processes involved.  The use of the object-oriented (OO)
approach, on the other hand, emphasizes objects and the
behavior of objects.

Epistemology relates to the way in which the world may
be legitimately investigated and what may be considered as
knowledge (Avison & Fitzgerald, 1995).  The choice of
modeling constructs constrains how one can know or learn
about reality—the basis of one’s claim to knowledge (Klein &
Lyytinen, 1983; Walsham, 1993).  Users of the entity-
relationship approach, for example, would focus on identifying
entities and relationships whereas users of data-flow diagram
(DFD) would emphasize the eliciting of processes, data flows,
external entities, and data stores from the problem domain.

Despite the importance of modeling constructs, not
much research has been done in this area.  Most modeling
constructs are introduced based on common sense, superficial
observation, and intuition of researchers and practitioners.
Theoretical foundation and empirical evidence are either non-
existent or considered non-essential.  For example, Coad and
Yourdon (1991, p. 16) nicely summed up the practitioners’
scant concern:

“It would be intellectually satisfying to the authors if we
could report that we studied the philosophical ideas
behind methods of organization, from Socrates and
Aristotle to Descartes and Kant.  Then, based on the
underlying methods human beings use, we could propose
the basic constructs essential to an analysis method.  But
in truth we cannot say that, nor did we do it. “(emphasis
added)
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With this laissez-faire attitude, one can not help but cast
doubts on the usefulness and importance of some of these
modeling constructs.  It is probable that some of these constructs
are not actually actors in the modeling drama, but merely
incidental artifacts, created by researchers to help them
categorize their observations.  These artifacts may play no
significant role whatsoever in modeling the real world.  A
reference discipline to guide the design, construction, and
adaptation of modeling constructs for information modeling
methods is needed!

In this paper, we propose the use of cognitive psychology
as a reference discipline in the engineering of methods and  the
studying of information modeling.  Card et al. (1983, p. 1)
wrote “advances in cognitive psychology and related sciences
lead us to the conclusion that knowledge of human cognitive
behavior is sufficiently advanced to enable its applications in
computer science and other practical domains.”  Moray (1984)
also argued for the use of knowledge accumulated in cognitive
psychology to understand and solve applied problems.
Researchers in human-computer interaction have demonstrated
that such an effort is valuable and essential in building a
scientific understanding of the human factors involved in end-
users interaction with computers.  We believe that similar
effort will be useful in information modeling and method
engineering.

Human Information-Processing SystemHuman Information-Processing SystemHuman Information-Processing SystemHuman Information-Processing SystemHuman Information-Processing System

To understand the representation and use of knowledge
by humans, we need to approach it  from a human information-
processing perspective.  The information-processing paradigm
views thinking as a symbol-manipulating process and uses
computer simulation as a way to build theories of thinking
(Simon, 1979).  It attempts to map the flow of information that
a human is using in a defined situation (Gagne et al., 1993) and
tries to understand the general changes of human behavior
brought about by learning (Anderson 1995).

According to Newell and Simon (1972), all humans are
information-processing systems (IPS) and hence come
equipped with certain common basic features.  Although some
of the processes used by the system may be performed faster
or better by some than by others, the nature of the system is the
same.  One of the popular and most well-known human
information-processing model is the Adaptive Control of
Thought (ACT) proposed by Anderson (1983, 1995) (see
Figure 1).

An ACT production system consists of three memories:
working, declarative, and production.  Working memory
contains the information that the system can currently access,
consisting of information retrieved from long-term declarative
memory as well as temporary structures deposited by encoding
processes and the action of productions (Anderson, 1983).
Declarative and production are long-term memory.  The
former is the  facts and the latter is the  processes or procedures

that operate on facts to solve problems.  Declarative knowledge
is knowing that something is the case whereas procedural
knowledge is knowing how to do something (Gagne et al., 1993).

Encoding deposits information about the outside world
into working memory whereas performance converts
commands in working memory into behavior.  The storage
process can create permanent records in declarative memory
of the contents of working memory and can increase the
strength of existing records in declarative memory.  The
retrieval process retrieves information from declarative memory
into working memory.  During the match process, data in
working memory are put into correspondence with the
conditions of productions.  The execution process deposits the
actions of matched productions into working memory.  The
whole process of production matching followed by execution
is known as production application.

Working MemoryWorking MemoryWorking MemoryWorking MemoryWorking Memory
The working memory is activation based; it contains the

activated portion of the declarative memory plus declarative
structures generated by production firings and perception.
Working memory is a temporary memory that cannot hold
data over any extended duration.  Information in this memory
store decays within about 10 seconds (Murdock, 1961) unless
it is rehearsed.  In addition to its limited duration, working
memory is also of limited capacity.  Miller (1956) claimed that
working memory holds 7± 2 units of information while Simon
(1974) claimed that it holds only about 5 units.  Whatever the
actual number, the important point is that it is small.  Because
of its small size, working memory is often referred to as the
“bottleneck” of the human information-processing system.

Declarative KnowledgeDeclarative KnowledgeDeclarative KnowledgeDeclarative KnowledgeDeclarative Knowledge
There are two types of long-term memory — declarative

Figure 1: The ACT ArchitectureFigure 1: The ACT ArchitectureFigure 1: The ACT ArchitectureFigure 1: The ACT ArchitectureFigure 1: The ACT Architecture
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and procedural.  The long-term declarative memory is
represented in the form of a semantic net.  A basic unit of
declarative knowledge in the human information-processing
system is proposition and is defined as the smallest unit of
knowledge that can possess a truth value (Anderson, 1983).
Complex units of knowledge are broken down into propositions.
Propositions have at least two parts.  The first is called the
relation.  Verbs and adjectives typically make up the relations
of a proposition.  The second part of the proposition is called
the argument, which is determined by the nouns in the
proposition.  Arguments are given different names depending
on their role in the proposition.  Arguments may be subjects,
objects, goals (destination), instruments (means), and
recipients.

The declarative knowledge for the ER approach can be
represented as propositions as shown below.  Each proposition
comprises a relation, followed by a list of arguments:

(i)   represent, entity, rectangle
(ii)   represent, relationship, diamond
(iii)  comprise, ER, entity
(iv)  comprise, ER, relationship

These four propositions can be depicted diagrammatically
using Kintsch’s system as shown in Figure 2.

In ACT, individual propositions can be combined into
networks of propositions.  The nodes of the propositional
network stand for ideas, and the linkages represent associations
among the ideas (Anderson, 1983).  Figure 3 shows the
network of propositions for the ER approach.

Procedural KnowledgeProcedural KnowledgeProcedural KnowledgeProcedural KnowledgeProcedural Knowledge
 Unlike declarative knowledge, which is static, procedural

knowledge is represented in the form of productions.  Each
piece of knowledge is called a production because it “produces”
some bit of mental or physical behavior.  Productions are
formally represented as IF-THEN contingency statements in
which the IF part of the statements contains the conditions that
must exist for the rule to be fired and the THEN part contains
the action that will be executed when the conditions are met.
The productions are also known as condition-action pairs and
are very similar to the IF-THEN statement in programming
languages.  For example, the following is the production rule
for identifying a relationship construct in the ER model.

IF Figure is a diamond shape
THEN Figure represents a relationship construct

Productions can be combined to form a set.  A production
system, or  production set, represents all of the steps in a mental
or physical procedure.  The productions in the production
systems are related to one another by the goal structure.  In
other words, each production contributes in some way to
achieve the final goal behavior.  The use of goals and subgoals
in productions creates a goal hierarchy that interrelates the

productions into an organized set.  For example, Table 1 shows
a production system to understand an ER diagram.

Domain-General Versus Domain-Specific .  Procedural
knowledge can be discussed from two dimensions.  The first
dimension refers to the degree to which procedural knowledge
is tied to a specific domain, with the anchor points of the
continuum being termed as domain-general and domain-
specific (Gagne et al,. 1993).  Domain-general knowledge is
knowledge that is applicable across domains and domain-
specific knowledge is specialized because it is specific to a
particular domain.  The term domain refers to any defined area
of content and can vary in its breadth.

Degree of Automation. The second dimension can be
labeled as “degree of automation” with the end points of the

Figure 2: Diagrammatic Representation of PropositionsFigure 2: Diagrammatic Representation of PropositionsFigure 2: Diagrammatic Representation of PropositionsFigure 2: Diagrammatic Representation of PropositionsFigure 2: Diagrammatic Representation of Propositions
for ER Approachfor ER Approachfor ER Approachfor ER Approachfor ER Approach

Figure 3: Network of Propositions for ER ApproachFigure 3: Network of Propositions for ER ApproachFigure 3: Network of Propositions for ER ApproachFigure 3: Network of Propositions for ER ApproachFigure 3: Network of Propositions for ER Approach
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continuum being called automated and controlled (or conscious)
(Gagne et al., 1993).  An automated process or procedure is
one that consumes none or very few of the cognitive resources
of the information-processing system.  Controlled process, on
the other hand, is knowledge that underlies deliberate thinking
because it is under the conscious control of the thinker.

Implication on Information Modeling and MethodImplication on Information Modeling and MethodImplication on Information Modeling and MethodImplication on Information Modeling and MethodImplication on Information Modeling and Method
EngineeringEngineeringEngineeringEngineeringEngineering

Researchers develop methods, and methods can be
reengineered.  By contrast, we cannot change the design of
human information-processing system.  Although the human
subsystem is intelligent and adaptive, we cannot change the
basic properties that define its strengths and weaknesses.  If an
information model is to be easy to understand and to function
as an effective communication tool,  the information modeling
method must be compatible with our information processing
characteristics.  It is, therefore, important for us to consider
this constraint when engineering methods and modeling
information.

 Limitation of Working Memory Limitation of Working Memory Limitation of Working Memory Limitation of Working Memory Limitation of Working Memory
The magic number 7 ± 2 has important implication on

information modeling and method engineering.  Firstly, if
there are more than seven chunks of information required to be
absorbed by the readers at any one time, the working memory
capacity might be exceeded which means that some information
might not be acquired.  This is consistent with the
recommendations by researchers and practitioners (e.g.,
Hawryszkiewycz, 1991) that there should be no more than
seven processes on a data flow diagram.  If this is true, some
sort of leveling technique, similar to the one employed by data
flow diagram, might be needed to limit the amount of
information to an information model.  Alternatively, the

information model should be designed and laid out in such a
way that at any time no more than seven pieces of information
need to be processed together.

Secondly, if an information modeling method has more
than seven modeling constructs, cognitive overload might
occur.  For instance, it would be difficult for a novice user to
remember what each of the construct means if there are more
than seven of them.  The capacity of working memory serves
as a threshold on the number of modeling constructs that can
be incorporated into a modeling method.  As such, the
complexity of Unified Modeling Language (UML) and the
number of different diagrams used in UML are causes for
concern.

Declarative KnowledgeDeclarative KnowledgeDeclarative KnowledgeDeclarative KnowledgeDeclarative Knowledge
Declarative knowledge deals with facts.  With respect to

method engineering, declarative knowledge will consist of
facts about the modeling constructs - what they are and what
they represent.  Since declarative knowledge is one type of
long term memory, the larger the number of constructs in a
modeling method, the more time is required to learn them.
Training time is something that end-users are very reluctant to
invest in.  One of the reasons for the popularity of entity-
relationship (ER) and object-oriented (OO) approaches is that
a very small number of constructs is involved and that results
in their simplicity.  Also, using constructs that tap into existing
declarative knowledge facilitates the transfer of knowledge
and reduces the training time.  For example, many researchers
and practitioners claimed that entity-relationship and object-
oriented approaches are intuitive and natural.  Although research
results vary, the constructs used by entity-relationship and
object-oriented are undeniably simpler than a modeling method
based on algebra or predicate logic, especially from the end-
users’ perspective.

Procedural KnowledgeProcedural KnowledgeProcedural KnowledgeProcedural KnowledgeProcedural Knowledge
Procedural knowledge is knowledge about how to do

something.  This is one of the most problematic areas in
information modeling.  For example, the most common
criticism of object-oriented approach is the difficulty in
identifying objects (e.g., Wand & Woo, 1993).  The fuzziness
of constructs is also a problem with entity-relationship modeling
where one is often not sure when to use relationship, attribute,
or even entity to represent something in the real world.  For
example, Goldstein and Storey (1990) found that users of an
automated database design tool had difficulty distinguishing
between relationships and attributes. Codd (1990) wrote “one
person’s entity is another person’s relationship.”  It is, therefore,
vital that when engineering methods, we need to precisely
define the constructs and specify when and how to use a
construct.  Saying that the world is made up of objects does not
help the analysts or the end-users in information modeling.
Metamodeling, which describes the procedural and
representational aspects of modeling methods, is a good way

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
P1P1P1P1P1 IFIFIFIFIF Goal is to understand ER diagramGoal is to understand ER diagramGoal is to understand ER diagramGoal is to understand ER diagramGoal is to understand ER diagram

THENTHENTHENTHENTHEN Set subgoal of identifying meaningfulSet subgoal of identifying meaningfulSet subgoal of identifying meaningfulSet subgoal of identifying meaningfulSet subgoal of identifying meaningful
chunks of  information in ER diagramchunks of  information in ER diagramchunks of  information in ER diagramchunks of  information in ER diagramchunks of  information in ER diagram

P2P2P2P2P2 IFIFIFIFIF Subgoal is to identify meaningful chunks ofSubgoal is to identify meaningful chunks ofSubgoal is to identify meaningful chunks ofSubgoal is to identify meaningful chunks ofSubgoal is to identify meaningful chunks of
information in ER diagraminformation in ER diagraminformation in ER diagraminformation in ER diagraminformation in ER diagram

THENTHENTHENTHENTHEN Set subgoal of identifying entity in ERSet subgoal of identifying entity in ERSet subgoal of identifying entity in ERSet subgoal of identifying entity in ERSet subgoal of identifying entity in ER
diagram and set subgoal of identifyingdiagram and set subgoal of identifyingdiagram and set subgoal of identifyingdiagram and set subgoal of identifyingdiagram and set subgoal of identifying
relationship in ER diagramrelationship in ER diagramrelationship in ER diagramrelationship in ER diagramrelationship in ER diagram

P3P3P3P3P3 IFIFIFIFIF Subgoal is to identify entity in ER diagramSubgoal is to identify entity in ER diagramSubgoal is to identify entity in ER diagramSubgoal is to identify entity in ER diagramSubgoal is to identify entity in ER diagram
and symbol is a rectangleand symbol is a rectangleand symbol is a rectangleand symbol is a rectangleand symbol is a rectangle

THENTHENTHENTHENTHEN Symbol represents an entitySymbol represents an entitySymbol represents an entitySymbol represents an entitySymbol represents an entity

P4P4P4P4P4 IFIFIFIFIF Subgoal is to identify relationship in ERSubgoal is to identify relationship in ERSubgoal is to identify relationship in ERSubgoal is to identify relationship in ERSubgoal is to identify relationship in ER
diagram and symbol is a diamonddiagram and symbol is a diamonddiagram and symbol is a diamonddiagram and symbol is a diamonddiagram and symbol is a diamond

THENTHENTHENTHENTHEN Symbol represents a relationshipSymbol represents a relationshipSymbol represents a relationshipSymbol represents a relationshipSymbol represents a relationship
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Table 1: A Production System to Understand an ERTable 1: A Production System to Understand an ERTable 1: A Production System to Understand an ERTable 1: A Production System to Understand an ERTable 1: A Production System to Understand an ER
DiagramDiagramDiagramDiagramDiagram
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of documenting the procedural knowledge of a method.  Forcing
method engineers to perform metamodeling ensures that they
think through and sort out the details involved in using a
construct.

Domain-Specific Versus Domain-General KnowledgeDomain-Specific Versus Domain-General KnowledgeDomain-Specific Versus Domain-General KnowledgeDomain-Specific Versus Domain-General KnowledgeDomain-Specific Versus Domain-General Knowledge
Research has shown that experts in a specific domain

have more and better conceptual or functional understanding
of the domain, automated basic skills in the domain, and
domain-specific problem-solving strategies. Domain experts,
in contrast to novices, have the ability to perceive large
meaningful patterns; highly procedural and goal oriented
knowledge; less need for memory search and general
processing; and specialized schema which drive performance.
The possession of domain specific knowledge, however, is a
problem during information modeling.  To facilitate end-
users’ understanding of information model, it is important to
use intuitive constructs that the end-users can relate to and
recall easily.  This has been the argument put forth for the
goodness of ER and OO approaches.

Another aspect that is related to method engineering is
the advantages of using domain-general constructs in methods.
Domain-general constructs facilitate the transfer of knowledge
from one method to another.  As the degree of overlap of the
modeling constructs that underlie two methods increases,
transfer also increases.  Situation method, which is an
information system development method tuned to the situation
of the project at hand, might be a problem from this perspective
unless it makes use of well-known and easy to understand
modeling constructs.....

Degree of AutomationDegree of AutomationDegree of AutomationDegree of AutomationDegree of Automation
Working memory limitation impacts end-users much

more significantly than analysts .  For analysts, the meaning of
each construct is in the long term memory, not the working
memory.  The knowledge has been internalized and automated
by the analysts.  Automated skills require little cognitive effort
and allow the problem solver to perform necessary, routine
mental operations without thinking much about them.  On the
other hand, remembering what each of the construct stands for
would be a controlled process for the end-users.  They need to
consciously and deliberately think about them.  Controlled
process requires cognitive effort and is subjected to the
limitation of working memory.  Thus, when engineering
methods, we need to consider the effect on end-users that are
not at the automated stage in using modeling methods and will
probably never attain the automated stage.  Modeling methods,
which are convoluted and highly technical, might be an
excellent tool for analysts at automatic stage but will be a poor
communication vehicle between analysts and end-users.

ConclusionConclusionConclusionConclusionConclusion

This research attempts to bring the wealth of knowledge

in cognitive psychology to bear on the practical problems of
information modeling and method engineering.  The goal is to
apply and adapt cognitive psychology theories and techniques
for information modeling and method engineering research
and help to span the gap between science and the practice of
information modeling.  In this paper, we look at some cognitive
psychology theories and a popular cognitive architecture,
Adaptive Control of Thoughts, and discuss their implication
on information modeling and method engineering.
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