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Empirical Research Strategies
in Conceptual Modeling -
Silver Bullet or Academic Toys?

Prof. Dr. Hans Ulrich Buhl
Dr. Bernd Heinrich

In Information Systems research conceptual
modeling is an important field. Wand and
Weber for example distinguish four ele-
ments: conceptual modeling grammars, con-
ceptual modeling methods, conceptual mod-
eling scripts, and conceptual modeling con-
texts [WaWe02]. With these elements they
discuss the research opportunities to gain
and evaluate results like artifacts. A common
way to ensure a statistical, sampling-based
generalizability is empirical testing, particu-
larly used in the Anglo American region [cp.
in detail LeBa03]. However, methodical
problems can occur: To evaluate the quality
of a new modeling method, the test person
has to be familiar with the method before
he/she can use it appropriately, which may
affect the results. Thus the evaluation results
are difficult to analyze and interpret. Exten-
sive empirical tests for modeling methods —
being very labor intensive and time consum-
ing — are also rather counterproductive to
the practical science process. Furthermore,
economic or social objectives of conceptual
modeling projects may affect the results too.

So what are the guidelines in information
systems research [HMPRO4] and especially
for empirical research strategies in concep-
tual modeling? Are empirical evaluations of
different conceptual modeling elements, as
described by Wand and Weber acceptable or
not? What type of empirical evaluation
should be used in each case? Which chal-
lenges and problems have to be faced, and
more important which quality factors of a
modeling artifact cannot be measured appro-
priately by empirical research strategies?

The following seven contributions (in al-
phabetical order of authors’ names) will ad-
dress the state of the art as well as specify
some future research opportunities regarding
empirical testing of conceptual modeling ar-
tifacts. The distinguished views demand
further discussion of information system re-
search yet. If you would like to present your
point of view on this matter, please submit
your article (max. 2 pages) to the chief pub-
lisher: Prof. Dr. Wolfgang Konig, Universitat
Frankfurt am Main,
email: koenig@wiwi.uni-frankfurt.de.
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Empirical science has two major objectives:
to describe particular phenomena in the
world and to develop theories that can be
used to explain and predict phenomena. The
constituting characteristic of an empirical
statement is its capability of being tested by
a confrontation with focused observations or
with results of suitable experiments. For in-
stance, a particular observation can confirm
or refute a theory. This characteristic distin-
guishes empirical statements from statements
of formal sciences like logic, mathematics
etc. Do conceptual modeling artifacts (lan-
guages, methods or models) have an empiri-
cal content that can be empirically tested?

The empirical content of typical modeling
artifacts is doubtful. For example, the En-
tity-Relationship Model (ERM) provides a
set of constructs that is useful to describe the
world. But the ERM is not a description of
the world by itself. A modeling method pre-
scribes actions of how to build an informa-
tion system. And a model built during sys-
tems analysis typically doesn’t describe a
given piece of reality, but specifies character-
istic features of an information system that
should be implemented in the future. From
this perspective empirical research strategies
are of less importance in the field of concep-
tual modeling.

However, it is not necessary to understand
modeling artifacts as theories having an em-
pirical content. Modeling artifacts might also
be interpreted as tools used in systems devel-
opment or as norms being established in

modeling practice. This view raises several
important questions:

® Does modeling improve domain under-
standing?

m What are the effects of applying modeling
artifacts?

® Does modeling speed up systems analy-
sis?

® Does modeling decrease the error rate
during systems implementation?

® Does UML outperform classical structur-
al approaches during systems analysis and
design?

It is obvious that these questions cannot
be answered only by formal investigations of
pure syntax and semantics. In fact, modeling
artifacts are information products that are
used for different purposes. Besides technical
purposes, one important objective is to facil-
itate the communication between different
system’s stakeholders, e.g. end-users, ana-
lysts, or programmers. In other words:
Modeling artifacts are often produced and
interpreted by humans - and not by ma-
chines. So, it is necessary to develop theories
describing, explaining and predicting con-
ceptual modeling practices. The scope of
such theories is abour the application of
modeling artifacts.

Besides the desired effects, a modeling ar-
tifact may cause several (undesired) side ef-
fects. For example, conceptual modeling
may decrease the ability to react on a rapidly
changing system’s environment. These side
effects might be foreseen and considered by
the developer of a conceptual model. How-
ever, these predictions may be false, and thus
have to be tested. In addition, several side ef-
fects cannot be foreseen and must be exam-
ined by empirical studies based on real mod-
eling processes. These studies may bring out
that a new modeling language is not as useful
as predicted. So, it is obvious that theories
about conceptual modeling have empirical
content and must be empirically tested.

Furthermore, theories about modeling ar-
tifacts may guide the development of new
modeling languages. For example, if it is
confirmed that systems analysts have prob-
lems understanding ternary relationships, it
might be better to prevent their usage in
modeling practice. In fact, it might be sensi-
ble to design modeling languages that do not
support ternary relationships.

Which empirical research methods are
useful in conceptual modeling? We can think
of the full spectrum of empirical research
strategies. For instance, case studies may be
used as a first demonstration that new mod-
eling languages might work. This approach
suffers from its lack of objectivity and its
weak generalizability because the investi-
gated cases are often not representative and
the results of these investigations are biased
by researcher’s interpretations. So case stud-
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ies allow gaining useful exploratory informa-
tion on real modeling processes and might
be complemented with other approaches.
For instance, a laboratory experiment allows
investigating the influence of different mod-
eling languages on user comprehension.
There are many more empirical research
methods (field experiments, surveys, action
research etc.) that have their specific
strengths and limitations. Hence we argue
that different methods should be used to de-
velop and to test theories about the applica-
tion of modeling artifacts.

Are there reasons why empirical research
strategies are often not used in the area of
conceptual modeling? Empirical research
strategies have to deal with subtle challenges:
For instance, the user of a modeling language
has to be familiar with the language before
he/she can use it appropriately. The users’
practical or theoretical background knowl-
edge may affect the evaluation results in an
uncontrollable manner. Furthermore, eco-
nomic or social objectives of conceptual
modeling projects cause additional influences
on the results. As a consequence of these
challenges, the appropriateness of empirical
research strategies for the evaluation of con-
ceptual modeling artifacts is unclear and may
not be seen as useful.

We have to admit that the aforementioned
objections make empirical research rather
challenging. But we have to point out that
these objections have an empirical content
and must be empirically tested. In other
words, the knowledge about the problems
gained by empirical research strategies al-
ready provides interesting insights into the
area of conceptual modeling. Such objections
demonstrate that it is not easy to show the
usefulness of modeling. Thus, empirical re-
search can explicate confounding variables
and demonstrate that a particular modeling
approach is not useful in all but some situa-
tions.

To conclude, modeling artifacts do not
need to have an empirical content. However,
it is necessary to develop theories about
modeling artifacts. It is obvious that such
theories are about factual reality, namely
about people using modeling artifacts for
systems development. Such theories can only
be tested by empirical research strategies.
Hence, we argue that the results of empirical
research strategies add value to the body of
conceptual modeling knowledge.

Dipl.-Wirt.-Inf. Peter Fettke
Prof. Dr. Peter Loos
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Contribution

Prof. Dr. Ulrich Frank

Conceptual modeling is a pivotal research
topic in “Wirtschaftsinformatik’. At the same
time, it is at the core of the discipline’s curri-
culum. Also, it seems reasonable to assume
that work on conceptual modeling has sig-
nificantly contributed to the discipline’s pro-
file and its relevance in practice. Despite this
success story, research on conceptual model-
ing is facing a severe challenge: the need for
validation.

The notion of scientific research is based
on the idea of progress — in terms of growing
knowledge and improving technologies.
Progress, however, implies the existence of
criteria that allow for discriminating between
competing options — be it explanations of
reality or artifacts that help to cope with it.
A research discipline that does not seriously
care about such criteria risks sacrificing its
identity. In other words: Suggesting that a
research result contributes to scientific pro-
gress requires giving convincing reason why
it is an improvement over existing solutions.
This leads directly to the topic of this discus-
sion: Is empirical research the solution to the
evaluation challenge in conceptual modeling
research? To discuss this issue in more detail,
let us first look at typical questions that oc-
cur with the validation of research results in
conceptual modeling:

(a) Does a modeling language offer con-
cepts that cannot be expressed equivalently
in other modeling languages? (b) Is a model-
ing language better suited as a tool for busi-
ness analysts than others? (c) Does a model-
ing language allow for designing models,
which can be automatically transformed into
executable software? (d) Is a reference model
suited to guide the development of informa-
tion systems that promises superior competi-
tiveness?

Apparently, most of these questions relate
to the use of modeling artifacts in the real
world. Hence, this seems to be the case for
empirical research. Empirical research in
general is based on the idea of systematic ac-
cess to reality in order to evaluate and/or
generate hypotheses/interpretations. In the
natural sciences, the validation method of
choice is based on a concept of truth, i.e. by
comparing research results against reality.
The concept of truth applied in the natural
sciences refers usually to critical realism:
There is an objective reality that we can meas-
ure and/or perceive. However, perception as
well as measurements may fail, which re-
commends skepticism (falsification). This
type of empirical research was adopted by
behavioristic research in the social sciences.
On an international scale, behavioristic re-
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search has become the dominating research
method in Information Systems. Its main
promise is to contribute to objective, com-
parable descriptions/explanations of reality.
However, it may only fulfill this promise, if
there are one or more hypotheses that can be
applied for their validation against ‘objective’
features of reality. Unfortunately, this is of-
ten not the case with modeling artifacts. Re-
ference models are typically not just abstrac-
tions of a variety of existing systems. In-
stead, they are usually intended to guide the
design of systems yet to be built. In other
words: They describe possible future worlds
that (should) offer advantages over existing
worlds. A solution to this epistemological
problem could be to investigate prospective
stakeholders’ judgments of reference models.
Note, however, that this would result in
statements about people’s opinion only, not
in an evaluation against reality. Also, many
potential stakeholders will not be capable to
fully understand the impact of a particular
reference model. Additionally, their prefer-
ences may vary over time. Moreover, devel-
oping conceptual models imposes the chal-
lenge to evaluate modeling languages, since a
modeling language (its semantics, abstract
syntax and graphical notation) has a pivotal
impact on the quality of models. Although
we are able to reflect upon language, for in-
stance by distinguishing between object and
meta level language, our ability to speak and
understand a language is commonly re-
garded as a competence that we cannot en-
tirely comprehend. Therefore any research
that aims at inventing new “language games”
(i.e. artificial languages and actions built
upon them), has to face a subtle challenge:
Every researcher is trapped in a network of
language, patterns of thought and action he
cannot completely transcend — leading to a
paradox that can hardly be resolved: Under-
standing a language is not possible without
using it. At the same time, any language we
use for this purpose will bias our perception
and judgment — or, as the early Wittgenstein
put it: “The limit of my language means the
limit of my world.” Behavioristic research
that ignores these obstacles bares the risk to
sacrifice a differentiated appreciation of
modeling artifacts for the illusion of scienti-
fic objectivity. Nevertheless, behavioristic re-
search is suited to foster progress in concep-
tual modeling. This is especially the case
with investigating the actual use of modeling
methods. However, this kind of research is
at least in part subject of other disciplines,
such as cognitive psychology or linguistics.
What are the alternatives to behavioristic
research? With respect to empirical research,
a hermeneutic access to reality is a further
option. It is based on the concept of inter-
pretative or discoursive truth (‘understand-
ing’ vs. ‘explaining’) — and it does not depend
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on a comparison against reality. Instead, it is
aimed at discoursive judgments of current or
future systems. This can be helpful for
studying requirements to be met by model-
ing artifacts. However, hermeneutic ap-
proaches have a serious shortcoming, which
can be a thread to scientific objectivity and
freedom. They depend on rational dis-
courses, which require the participants to
have certain skills and obey a number of
rules. But who is going to decide which
group of people is best suited to participate?

Both types of empirical research come
with a problem that cannot be ignored: Con-
ducting empirical studies in a convincing
way will often require an amount of time
and resources that most research institutions
cannot afford. If empirical studies are con-
ducted nevertheless, it is likely that they will
not contribute to the construction or evalua-
tion of interesting theories. It seems that
especially behavioristic research is often not
used as an epistemological instrument but as
a vehicle that serves one purpose only: gain-
ing legitimacy — for a single author as well as
for the information systems discipline in
general. It is needless to emphasize that we
should beware of this kind of research in
conceptual modeling.

Last, but not least, there is one more ap-
proach to evaluate modeling artifacts. It cor-
responds to common practice in engineering
disciplines or computer science. It stresses
the comparison of a solution against pre-
cisely specified requirements. In an ideal
case, it can be proved that the requirements
are being fulfilled. For requirements and so-
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Figure 1 Analytical Advocacy Model:
Validation by Argumentation and/or
Example

lutions to satisfy academic standards, they
need to stress a high level of abstraction and
some degree of comprehensible originality.
This approach recommends thoroughly and
precisely describing requirements as well as
comparing the solutions against existing
ones. It fails, if requirements (or design ob-
jectives) cannot be specified in a precise and
comprehensive manner, e.g. with questions
(b), (d).

To summarize, there is need for evaluating
research results in conceptual modeling
using procedures that satisfy academic stan-
dards. Due to the specific nature of concep-
tual modeling, it is not enough to simply de-
ploy one particular research method, such as
behavioristic research. Instead, there is need
to develop — and eventually agree upon —
specific standards for research on conceptual
modeling. I do not think that there is a silver
bullet. However, it seems that a pluralistic
approach is the only option. Depending on
the peculiarities of the research topic to be
addressed, it would make eclectic use of em-
pirical or engineering methods. Pluralism is
also related to cross-disciplinary research,
since conceptual modeling includes topics
that are subject of other disciplines, like hu-
man perception (of language and informa-
tion artifacts) or the impact of language on
human thought and social interaction.

Prof. Dr. Ulrich Frank
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Empirical Research in Conceptual
Modeling — A Theoretical and
Practical Imperative

Prof. Daniel L. Moody, PhD

The “Analytical Advocacy” Model
of Research

The majority of conceptual modeling re-
search currently follows what has been de-
scribed as an analytical advocacy model (see
Figure 1). This is an approach that is fre-
quently used in software engineering and
computer science research but criticized as
being unscientific [e.g. FePG94; Glass94;
Hatt98; Tich98; ZeWa98]. In this approach,
researchers describe some new technique or
method in detail, make claims about its po-
tential benefits, justify it using logical or the-
oretical arguments, apply it to an example
and recommend that it be adopted in prac-
tice. Usually what is missing is any empirical
evidence, making it difficult to distinguish
valid claims from spurious ones. In more
mature fields such as medicine, it is manda-
tory for researchers to conduct empirical re-

search to evaluate the efficacy of proposed
new practices prior to advocating their use
[SRRH97]. However in conceptual model-
ing research, it is often sufficient for re-
searchers to argue on logical or theoretical
grounds that their approach is effective.
Merely saying that a technique is effective
and providing arguments as to why it might
be effective conveys no real information
[ZeWa98]. Making such claims without em-
pirical evidence and on the basis of logical
arguments, theoretical arguments, examples
or anecdotes is unscientific [FePG94]. Prop-
erties of methods cannot be proved formally
or deductively, only by empirical evaluation.
Examples, even if they are extensive, really
only illustrate a method rather than validate
it. Also, the fact that the method is both ap-
plied and evaluated by the researcher(s) who
proposed it to an example they chose or de-
veloped themselves, means that it does meet
standards of scientific objectivity [ZeWa98].
A scientific discipline cannot live off such
weak evaluations in the long term [Tich98].
The primary criterion for validation of
scientific knowledge is not theoretical or lo-
gical argumentation but whether it is consis-
tent with observed facts [Popp63]. Examples
and argumentation don’t satisfy the principle
of falsification, which is the single most im-
portant criterion for distinguishing science
from pseudo-science. According to Popper
[Popp63], any genuine test of a scientific
claim should be an attempt to falsify or re-
fute it. Examples and arguments are used
only to support claims, not to falsify them.

Theoretical Imperatives
for Conducting Empirical Research

For conceptual modeling to be regarded as a
legitimate research discipline, it must follow
established methods for scientific enquiry.
Empiricism is one of the central principles of
the scientific method, which states that scien-
tific claims are subject to and derived from
observations about the world [Neum00]. In
the scientific method (see Figure 2), predic-
tions are made based on theory and data is
collected to evaluate whether the results con-
firm or disconfirm predictions [FePG%4].
Any proposed conceptual modeling techni-
que includes claims about its efficacy relative
to existing methods. In the absence of sup-
porting empirical evidence, these claims must
be considered as conjecture only. However
such claims represent predictions about the
efficacy of the technique in practice, so can
be empirically tested. Empirical research
thus provides a way of objectively evaluating
the truth of these claims.

Empirical research provides an essential
evaluation role in a research field: it provides
objective evidence about the effectiveness of
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different approaches that can be used to
identify the most promising ones and to im-
prove them [Hatt98]. This can help channel
research into the most productive directions
and avoid wasting effort on approaches that
are unworkable [Tich98].

Practical Imperatives
for Conducting Empirical Research

Empirical research is also important for in-
forming practice. The conceptual modeling
field is inundated with different modeling
approaches and researchers are producing
new ones all the time [SiR098]. These results
in confusion for practitioners: there are so
many competing approaches and little objec-
tive data available to help them make in-
formed decisions about which to use
[Siau04]. Empirical research can be used to
evaluate the efficacy of different approaches
and so build up a reliable “evidence base” to
support decision making in practice
[Mood03]. Decisions in practice should be
made based on facts (empirical evidence)
rather than intuition and opinions [FePGY4;
Hatt98; SiR098; Tich98].

How much is Enough?

The lack of systematic literature reviews
means that current levels of empirical re-
search in conceptual modeling are difficult
to estimate precisely. A recent review of
research in one research area within concep-
tual modeling (conceptual model quality)
showed the percentage of empirical papers to
be around 20% [Mood05]. There is no a
priori reason to think that this research area
is different to any other, so this is likely to be
indicative of conceptual modeling research
as a whole. According to Tichy [Tich98], a
mild requirement for empirical research in a
field is that each new idea should be fol-
lowed by at least two empirical validation
studies. This means that around two-thirds
of papers should be empirical, which is more
than three times the current level.

Conclusion

In this paper, I am not arguing that research
into new and improved conceptual modeling
techniques (formulative research) should be
abandoned, but that there should be a better
balance with empirical (evaluative) research:
currently the proportion is grossly skewed.
New ideas will always be needed, but em-
pirical research is required to find out how
good these ideas really are and how they can
be improved. As Hatton [Hatt98] says:
“Whatever direction we take, any attempt to
improve in the absence of measurable feed-
back seems doomed to fail, however much
fun it may be.”
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Empirical Research
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Semantic Expression
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Many conceptual modeling grammars have
been proposed. However, most have had lit-
tle impact on practice. In the wake of this lar-
gely unsuccessful research endeavor, atten-
tion has turned more recently toward em-
pirical evaluation of grammars widely used
in practice, in order to identify their
strengths and weakness and/or to propose
improvements to the techniques. The grow-
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ing interest in empirical evaluation indicates
that important progress is possible in our
understanding of conceptual modeling tech-
niques, and that an improved understanding
might ultimately leading to better techniques
and guidance for using them.

Empirical evaluations of grammars fall
into two broad categories [WaWe02]. First,
evaluation can be based on criteria related to
constructing scripts using a grammar, as it
was done in many early studies in this area.
In this case, evaluation focuses on issues re-
lated to the analyst who develops the mod-
els, such as understandability and usability
of the grammar, or the perceived quality of
scripts developed. Second, evaluation can be
based on criteria related to interpreting
scripts constructed using the grammar. In
this case, evaluation focuses on the degree to
which  scripts  facilitate  communication
about, and understanding of, the semantics
of the modeled domain. In my view, the sec-
ond kind of evaluation deals with more basic
conceptual modeling questions that must be
understood before undertaking evaluations
related to script construction. The remainder
of this discussion deals with issues in con-
ducting “interpretation” evaluations effec-
tively.

To contribute effectively and systemati-
cally to improving understanding of concep-
tual modeling techniques, we should evalu-
ate by testing theoretical predictions about
the quality of scripts constructed with con-
ceptual modeling techniques used by practi-
tioners. Early empirical research evaluating
conceptual modeling techniques consisted
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largely of intergrammar comparisons. Such
studies generally lacked strong theoretical
foundations, making it difficult to under-
stand the factors contributing to significant
differences in performance of the techniques
being compared. Moreover, some studies
compared techniques intended for different
purposes (e.g., modeling state versus behav-
ior), making it difficult to understand the
meaning of observed differences on measures
of quality such as ease of use.

Recently, researchers have begun using
theoretical foundations to conduct intra-
grammar studies. Such studies typically
compare variants of a single grammar to de-
termine whether scripts constructed accord-
ing to one set of rules (typically motivated
by theory) are in some way better than those
constructed according to existing rules (or
conventional wisdom) of the grammar. One
promising class of such studies has used the
ontology of Mario Bunge [Bung77] to pre-
dict the effectiveness of certain conceptual
modeling practices involving state represen-
tation in grammars such as the ER model
(e.g. [BuWe99; Gemi99; BPSWO1]). These
studies follow two simple premises. First, a
conceptual model represents aspects of the
perceived real world; thus, conceptual mod-
eling grammars should contain constructs
that correspond to how humans think about
the real world. Second, since ontology deals
with the nature of the real world, it serves as
a natural foundation for studying conceptual
modeling constructs.

Among the complicated issues to be re-
solved in this kind of work is determining
whether and how certain ontological con-
structs are or should be reflected in specific
conceptual modeling constructs. For exam-
ple, [BuWe99] using Bunge’s assertion that
“properties do not have properties” to pre-
dict that relationships should not have prop-
erties; instead, separate relationships between
classes should be modeled instead. However,
an alternate interpretation is that relationship
properties represent Bunge’s notion of
“property precedence” and, hence, are onto-
logically justified [PaCo04]. Clearly, work is
needed to find ways of assigning a sound on-
tological interpretation to conceptual model-
ing constructs. Moreover, Bunge’s ontology
focuses on things and states, and many stud-
ies using Bunge to evaluate conceptual mod-
eling grammars focus only on static elements
of the world. Other ontologies focus on
events, and it would be particularly useful to
study their relevance for conceptual model-
ing techniques that focus on behavior.

There is tension in conceptual modeling
research between the control offered in a la-
boratory setting and the realism that can
only be achieved by studying how methods
and techniques are used in practice. This ten-
sion is misleading, as both kinds of research

are needed. A staged approach to conceptual
modeling research, focusing first on under-
standing and improving the capacity of
grammars to represent domain semantics, is
needed. A key empirical question in under-
standing conceptual modeling techniques is
how domain semantics is represented using a
technique’s grammar. Our current under-
standing of basic representational issues in
conceptual modeling is poor. Much addi-
tional research in this area is essential for
continued progress in this field. For exam-
ple, graphical techniques use symbols that
are combined to express certain knowledge
about the problem domain. It is critical to
understand how different grammatical rules
facilitate or impair understanding of domain
semantics. This is best studied in a labora-
tory setting, where the effects of representa-
tion mechanisms can be studied in isolation.
The complexity and lack of control in real
world settings makes it nearly impossible to
isolate such basic effects.

A solid understanding of representation
issues is necessary to build a foundation for
more ambitious research. Inadequate under-
standmg of how grammars express domain
semantics can only 1mpede our ability to un-
derstand how grammars interact with other
factors in practice, such as analyst experience
or domain complexity, in constructing high
quality models. Field studies can bring
needed perspective to laboratory experi-
ments, but should be used cautiously until
we more fully understand basic representa-
tion issues.

Conceptual modeling is a core informa-
tion systems topic. A concerted effort from
our research community is needed to bring
scientific discipline to bear on this area.
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Just Do It
Prof. Dr. Michael Rosemann

The scope of conceptual modeling has ex-
panded significantly over the last two dec-
ades and the initial focus on systems analysis
and design has been widened substantially.
Nowadays, conceptual modeling is not only
conducted for a variety of applications (e.g.,
workflow management or enterprise sys-
tems), but 1ncreasmgly it is also used for
non-IT requirements engineering (e.g., busi-
ness process management or compliance
with regulations such as Sarbanes-Oxley).

The design-related challenges of concep-
tual modeling, ze. designing new modeling
methods and grammars, building corre-
sponding prototypes, or extending existing
methods and grammars, are researched inten-
sively. Yet the proliferation of proposed mod-
eling methods and grammars (Yet Another
Modeling Approach — YAMA [OHFB92])
can be seen as one indication that the commu-
nity still has not addressed the core issues of
conceptual modeling. Empirical research
might help us. But unlike many other areas of
information systems research, conceptual
modeling is an area with a rather limited utili-
zation of empirical research methods. Why is
that the case?

Overall, it seems that the majority of con-
ceptual modeling-related research can be
characterized as curiosity-driven. As a conse-
quence, there are similarities to research in
the field of operations research. The chal-
lenges in both disciplines are perceived by
many researchers as intellectually stimulat-
ing. This includes in conceptual modeling, for
example, tasks such as designing new model-
ing methods and grammars. Research in this
context has often been non-empirical for
three reasons. First, new research challenges
related to constructing new artifacts could
easily be identified. Second, research on con-
ceptual modeling is often conducted by re-
searchers without experience in (and passion
for?) empirical research. Third, empirical re-
search must be theoretically grounded to
come up with conceptually interesting re-
search questions; since theoretical reference
was often lacking, modeling-related research
could often not be linked to empirical investi-
gations.

One major problem of conceptual model-
ing in practice is the complexity of concep-
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tual modeling as expressed by the sheer end-
less number of modeling methods and gram-
mars, their degree of sophistication and the
possible interrelationships between them.
An interesting piece of empirical research in
this context is Erickson and Siau’s work
[ErSi04] on determining the (practical) com-
plexity of UML. Using a Delphi study they
identified a subset within a use-based UML
kernel, which represents the most commonly
used constructs. Such an outcome can di-
rectly feed into UML-related education or
the pre-configuration of UML tools.

Personally, I see a significant demand for
quantitative and qualitative empirical re-
search on conceptual modeling offering pro-
mising opportunities for researchers in this
area. This should not compromise, however,
the current research streams, but meaning-
fully complement them.

As [BaMa95] showed, the research on
modeling seems to be decoupled from the
areas of interest for practitioners. Explora-
tory empirical research in the early phases of
the research lifecycle can provide important
insights into the practice of modeling.
Grounded in sound quantitative and qualita-
tive research methods it can provide valuable
guidance for (more) relevant research in
terms of being interesting, applicable, and
current [BeZm99]. This situation is also the
classical application area of major issue stud-
ies in which the main challenges of a domain
under analysis (here, conceptual modeling)
are to be discovered.

Studying the practice of modeling itself can
also lead to new research topics [DGRGO4].
Here are some examples of typical research
questions selected from our current research
projects utilizing case studies, focus groups
and surveys: What are the major issues of
large scale modeling projects? What are the
main issues of utilizing SAP reference mod-
els? What are the critical success factors of
business process modeling? All these topics
have been identified from a pool of major is-
sues with modeling and have been articulated
by system vendors and business analysts.

Besides exploratory research, empirical re-
search is of course used for explanatory and
evaluative purposes. Explanatory work is
required if the research is concentrated on
gaining a deeper understanding through the
identification of statistically significant rela-
tionships (e.g., testing a model of success fac-
tors and success measures of business pro-
cess modeling). Evaluative research is impor-
tant as a phase that follows, e.g. the
ontological analysis of modeling grammars.
For example, we recently interviewed 21 ex-
perienced ARIS users in order to test ontolo-
gical shortcomings of the ARIS meta model
that have been identified in prior research.
One contribution of this type of research is
the comparative evaluation of modeling
methods, grammars and tools.

Empirical research on conceptual model-
ing faces of course key challenges. 1 briefly
outline just four selected challenges. The
first, and most important, challenge is asking
the right questions. Empirical research faces
the danger that it is (mis-)used to confirm
rather obvious propositions. Respective re-
searchers might utilize quantitative methods
aiming for rigor, but fail to address relevant
research questions, which is the all important
‘So what?’ A second hurdle is gaining access
to sufficiently qualified participants. The re-
levance and credibility of empirical research
is limited, if, for example, students are uti-
lized as proxies for experienced practitioners
— a shortcoming of many academic research
projects. The reasons are typically the conve-
nient access to this group as well as the lack
of appropriate contacts to practitioners. For
the credibility and relevance of future em-
pirical research it will be important that feed-
back is increasingly consolidated from ex-
perienced modelers and model users, who
apply conceptual modeling in a real life con-
text. However, sometimes this experienced
sample set can be just impossible to obtain.
For example, where do I find business ana-
lysts experienced in the proposed new stand-
ard Business Process Modeling Notation
(BPMN)? Third, it is still challenging to
clearly define “conceptual modeling”. Con-
versations  with  different  stakeholders
quickly reveal that different people have dif-
ferent interpretations when it comes to con-
ceptual modeling as the purposes and con-
texts can vary significantly. Fourth, the dy-
namic development of conceptual modeling
methods, grammars and tools is a challenge
in two ways. On the one side, it demands a
certain response time of empirical research
projects (so we do not study outdated tools
or specifications). On the other side, it also
means that results of an empirical study can
quickly be outdated.

In summary, the question cannot be, if
and how much empirical research on con-
ceptual modeling is required. Along the
phases of a research project, empirical re-
search in all its facets cannot only comple-
ment all stages, but also provide ways to
identify new and relevant research topics. It
is time for the modeling research community
to acknowledge that “the proof of the pud-
ding is in the eating”. Empirical evidence
should be more than waiting for the uptake
of a proposed new modeling method or
grammar in practice. And this is where em-
pirical research with its exploratory, explana-
tory and evaluative power is indispensable.
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On the Appropriateness
of Empirical Research Strategies
in the Field of Conceptual Modeling

Prof. Dr. Elmar J. Sinz

Research Goals of Information Systems (IS)
as an Academic Discipline

Each academic discipline is based on at least
three constituents: (1) a subject, (2) research
goals which refer to this subject, and (3) a set
of theories, methods and procedures which
are used to achieve these goals.

The subject of IS is denoted by the name
of the discipline: Information systems in
business and administration. In the follow-
ing, we refer to an information system as the
information processing subsystem of a busi-
ness system [FeSiO1]. The tasks of an infor-
mation system are carried out by human and
machine actors. Machine actors of informa-
tion systems are called application systems.
Thus, an application system is a component
of a comprehensive information system.

The academic discipline IS deals with
planning, development, implementation, op-
erating, management and evaluation of infor-
mation systems. From a more general view-
point, the goals of IS refer to analysis and de-
sign of information systems. Here we have
to keep in mind a major difference between
IS and related sciences, e.g. social sciences. In
contrast to societies, information systems
and in particular application systems predo-
minantly are artifacts. They do not evolve
but have to be explicitly designed. Conse-
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quently, design goals play an important role
within IS. In other words: IS is essentially an
engineering discipline.

Conceptual Modeling
of Information Systems

Conceptual modeling isn’t an end in itself.
Conceptual models are for an information
systems designer what engineering drawings
are for a civil engineer or a mechanical engi-
neer. Thus, conceptual models are the most
powerful utilities to achieve the goals of IS.
The purpose of a conceptual model is to fa-
cilitate analysis and design of complex infor-
mation systems. Therefore, a comprehensive
conceptual model must provide a multi-per-
spective, multi-view representation of the in-
formation system or subsystem under de-
sign. Relevant perspectives are e.g. the out-
side and the inside perspective. Views focus
on specific characteristics from a given per-
spective, e.g. structure and behavior from the
inside perspective of an information system.

The “basic tool kit” of conceptual model-
ing includes:
® modeling languages (meta models) which

define types of building blocks and rela-

tionships between building blocks as well
as corresponding rules and constraints,

® process models to guide the execution of
the modeling task, and

m software tools for computerized support
of the modeling task.

A modeler who is equipped with heuristic
knowledge and experience of how to map a
certain real world issue into the schematic re-
presentation of a given modeling language is
able to use such a methodology and to pro-
duce solid results, e.g. a conceptual data
schema representing the data view on an in-
formation system.

Nevertheless, the basic tool kit is not suffi-
cient for comprehensive modeling of infor-
mation systems. In fact an “advanced tool
kit” comprising additional tools is needed,
e.g.

m integrated meta models, based on power-
ful metaphors, allowing harmonized mod-
eling of different perspectives and views
on a complex information system,

B architecture models, which help to man-
age the complexity of models by dividing
them into different layers, subsystems and
views,

m reference models and patterns, providing
reusable heuristic modeling knowledge,

m ontologies, which help to capture the se-
mantics of building blocks and relation-
ships.

Mastering an advanced methodology like
this in order to develop a comprehensive
conceptual model of a complex information
system marks the level of “craftsmanship of
conceptual modeling”.

We all know that there is never the one
and only right model. Rather there are more
or less appropriate, more or less complex
and more or less understandable models.
This leads to the next level of modeling ma-
turity, the “art of conceptual modeling”
(analogous to Do~ KwnutH, The Art of
Computer Programming [Knu97]). From
the viewpoint of constructivism, a modeler
perceives the real world, interprets the rele-
vant part of the real world, separates it from
its environment, and reconstructs the rele-
vant parts of the real world and its environ-
ment in the form of a conceptual model
using a given methodology. All this is subject
to the modeler’s understanding of the model-
ing goals and objectives as well as to his or
her methodological knowledge and model-
ing experience.

Research on Conceptual Modeling

In the last years, extensive research has been
done on conceptual modeling. As recent aca-
demic conferences show, many questions
meet ongoing interest and the list of research
topics is even growing. Current themes in-
clude:

m utilization of ontological concepts for
conceptual modeling,

meta-modeling,

generic models,

verification and validation of models,

agile modeling and extreme modeling,
model engineering,

semantics-preserving model transforma-
tion,

® model-driven architecture, and

B automatic processing of models.

The examples show that conceptual mod-
eling is a very agile field of research in IS.
Wand and Weber propose a research agenda
on conceptual modeling in IS based on the
question “How can we model the world to
better facilitate our developing, implement-
ing, using, and maintaining more valuable in-
formation systems?” [WaWe02].

Empirical Research
on Conceptual Modeling

The goal of empirical research is to observe,
describe, analyze and explain phenomena
around the subject of investigation. The
“tool kit of empirical research” comprises
techniques like case study, action research,
experiment, enquiry, interview, observation,
field study etc. What can empirical research
contribute to conceptual modeling in IS?
Some examples for conceivable contribu-
tions are:
m Empirical research can look over the
shoulder of a modeling craftsman or artist
and help to identify best practices of mod-

eling and thus encourage the improve-
ment of model construction.
® Empirical research can observe users in-
terpreting models and thus help on learn-
ing about clarity and understandability of
models.

® Empirical research can help to compare
different modeling methodologies in spe-
cific modeling scenarios.

As these examples show, empirical re-
search can support the further development
of conceptual modeling methodologies.
Thereby it can unveil surprising results. Bo-
wen, O’Farrell and Rohde report on an ex-
periment on the relationship between the
level of ontological clarity of data structures
and query performance. The results indicate
that users of the ontologically clearer imple-
mentation of the data structure made signifi-
cantly more semantic errors, took signifi-
cantly more time to compose their queries,
and were significantly less confident in the
accuracy of their queries [BRF04].

Empirical research on conceptual model-
ing is both challenging and error-prone. One
of the pitfalls is to underestimate the com-
plexity of modeling scenarios. To give a neg-
ative example: investigating the proliferation
of the different UML diagrams would pro-
duce only poor insight if methodology and
context of the modeling scenarios are not
considered sufficiently.

Conclusion

Empirical research, facing the challenges and
pitfalls, can provide valuable and comple-
mentary contributions to conceptual model-
ing in IS. However, an increasing focus on
empirical research must not disregard re-
search on the tool kits as well as the crafts-
manship and the art of conceptual modeling.
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Contribution

Prof. Ron Weber, PhD

Over the last 15 years, I have been involved
in conducting empirical evaluations of con-
ceptual modeling grammars with a number
of colleagues. At the outset, our primary
concern was lack of theory to guide our em-
pirical work. We lacked theory that we could
use to predict the strengths and weaknesses
of conceptual modeling grammars. As a re-
sult, we had no formal basis to guide our em-
pirical work. We had to use our intuition
and experience to select those features of
conceptual modeling grammars that we
would evaluate. Similarly, we had to use our
intuition and experience to create research
contexts in which the features that were our
focus could be evaluated. Given the number
and complexity of phenomena associated
with conceptual modeling activities, how-
ever, we suspected our research (like so
much earlier research) would produce few
useful results. In the absence of theory to
guide our work, we quickly found we were
right. Our research results were uninterest-
ing, if not useless.

When we recognized that theories of on-
tology might provide us with a theoretical
basis to predict the strengths and weaknesses
of conceptual modeling grammars, we felt
we had made an important breakthrough in
our work. We could now evaluate concep-
tual modeling grammars in terms of how
well they instantiated the constructs of an
ontological theory. We could use concepts
like construct overload, construct redun-
dancy, construct excess, and construct deficit
to predict the strengths and weaknesses of
conceptual modeling grammars as a means
of representing real-world domains. Our
subsequent empirical work produced more-
compelling results.

Lack of theory still continues to under-
mine empirical work that is aimed at evaluat-
ing conceptual modeling grammars. In this
regard, my colleagues and I still see few alter-
natives to ontological theories to provide the
theoretical basis for our work. Moreover,
while a number of other colleagues have ar-
gued that the ontological theories we have
used so far are too few, too restrictive, or of
limited quality, we see little, if any, evidence
of additional, substantive theoretical work to
redress these concerns. It is also clear that
new conceptual modeling grammars con-
tinue to be designed in the absence of theory.
For instance, I continue to wonder what the-
ories guide the designers of UML in their
work.

Even if we were fortunate enough to have
a plethora of good theories to guide empiri-
cal work on conceptual modeling grammars,

my experience is that we would continue to
confront three major problems. The first is
that we still lack clarity about the nature and
purpose of conceptual models. For instance,
some recent empirical work has evaluated
end-users” performance using “ontologically
sound” versus “ontologically unsound” con-
ceptual models when the users query a rela-
tional database via SQL. It is not clear to me,
however, that this task is an appropriate con-
text in which to evaluate conceptual models
empirically. A conceptual model is intended
to be a faithful representation of someone’s
or some group’s perceptions of the semantics
of some real-world domain. One might ar-
gue that the only basis on which conceptual
models should be evaluated, therefore, is in
terms of how well they represent stakeholder
perceptions of a real-world domain. They
may or may not help users to create the sorts
of mental models that assist them to formu-
late SQL queries successfully when they in-
terrogate a relational database. In short, the
tasks used to evaluate conceptual models in
empirical research need to be congruent with
the purposes of conceptual models. Cur-
rently, however, we do not have a clear defi-
nition of the boundaries of tasks where con-
ceptual models might be useful. In the ab-
sence of a clear understanding of tasks, we
also do not have a clear understanding of sta-
keholders and their roles. Who are the stake-
holders who need to engage with conceptual
modeling grammars in their work? What
roles do these stakeholders play? Unless
these matters are clear, research designs that
are developed to evaluate conceptual model-
ing grammars potentially will be flawed
fatally.

The second problem relates to the difficul-
ties experienced in trying to evaluate concep-
tual modeling grammars in realistic contexts.
In this regard, much prior empirical research
has used experiments to evaluate conceptual
modeling grammars. Realism has been
traded off in an effort to control factors that
might confound performance when users
employ conceptual modeling grammars. As
a result, the tasks and the conceptual models
employed in the research are small and con-
strained. They do not reflect the types of de-
mands that would be placed on users in typi-
cal organizational contexts. The alternative is
to undertake case studies or action-research
studies in which users employ conceptual
modeling grammars in realistic contexts. As
researchers, the problem we then confront is
that many factors may affect users’ perform-
ance with a conceptual modeling grammar.
For instance, factors like task complexity
and users’ experience with a grammar may
obfuscate results to the point where it is im-
possible to tell whether theoretically based
propositions are supported or not sup-
ported. In a nutshell, we face the same prob-
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lems that programming researchers faced in
their concerns about whether results ob-
tained from “programming in the small”
would hold when the context switched to
“programming in the large.”

The third problem relates to the effects of
history. Users of conceptual modeling gram-
mars must have some experience of con-
ceptual models and conceptual modeling
grammars before they can employ them ef-
fectively. In empirical work we have under-
taken, my colleagues and I have found it dif-
ficult if not impossible to mitigate the effects
of prior training in and experience with par-
ticular data modeling approaches. For in-
stance, many modelers do not understand
the difference between conceptual modeling
and data modeling. Many seem forever con-
strained by views of the world shaped by the
first modeling grammar they learned - for
example, the entity-relationship modeling
grammar or some type of object-oriented
modeling grammar. Many seem unable to
conceive of the world except via the third
normal form relations of the relational mod-
el. Many are committed strongly to a parti-
cular modeling approach and are reluctant to
change. Unless history can be undone, how-
ever, the research results obtained during
evaluations of conceptual modeling gram-
mars are contaminated. Currently, I do not
see a simple solution to this problem. Once
some learning of a modeling approach has
occurred, it seems to impact subsequent
learning inextricably.

In summary, I believe high-quality empiri-
cal work on conceptual modeling grammars
will not occur in the absence of high-quality
theory. After more than 30 years of work on
conceptual modeling grammars, however,
we still lack an abundance of good theory
(which is perhaps a manifestation of the dif-
ficulty of the task). Nonetheless, even if
good theory were widely available, designing
empirical tests of theoretical predictions
about conceptual modeling grammars that
have both internal and external validity has
proved to be a daunting task. We sorely need
exemplars to guide our work. Without them,
we will continue to have difficulties building
a cumulative base of empirical research on
conceptual modeling grammars.

Prof. Ron Weber, PhD
Monash University
Melbourne, Australia
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