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Preface 

Information Modeling and Knowledge Bases has become an important technology 

contributor for the 21st century’s academic and industry research. It addresses the 

complexities of modeling in digital transformation and digital innovation, reaching 

beyond the traditional boarders of information systems and computer science academic 

research.  

The amount and complexity of information itself, the number of abstraction levels 

of information, and the size of databases and knowledge bases are continuously growing. 

The diversity of data sources combines data from traditional legacy sources to stream 

based unstructured data having need for backwards modelling. Conceptual modelling is 

one of the sub-areas of information modelling. The aim of this conference is to bring 

together experts from different areas of computer science and other disciplines, who have 

a common interest in understanding and solving problems on information modelling and 

knowledge bases, as well as applying the results of research to practice. We also aim to 

recognize and study new areas of modelling and knowledge bases to which more 

attention should be paid. Therefore, philosophy and logic, cognitive science, knowledge 

management, linguistics, and management science as well as machine learning and AI 

are relevant areas, too.  

In the conference, there will be three categories of presentations, i.e., full papers, 

short papers, and invited papers. The international conference on information modelling 

and knowledge bases originated from the co-operation between Japan and Finland in 

1982 as the European Japanese conference (EJC). Then professor Ohsuga in Japan and 

Professors Hannu Kangassalo and Hannu Jaakkola from Finland (Nordic countries) did 

the pioneering work for this long tradition of academic collaboration. Over the years, the 

conference gradually expanded to include European and Asian countries, and gradually 

spread through networks of previous participants to other countries. In 2014, with this 

expanded geographical scope, the European Japanese part in the title was replaced by 

International. The conference characteristics include opening with a keynote session 

followed by presentation sessions with enough time for discussions. The limited number 

of participants is typical for this conference. 

The 33rd International Conference on Information Modeling and Knowledge Bases 

(EJC 2023) held at Maribor, Slovenia constitutes a research forum for the exchange of 

scientific results and experiences of academics and practitioners dealing with 

information and knowledge. The main topics of EJC 2023 cover a wide range of themes 

extending the knowledge discovery through Conceptual Modelling, Knowledge and 

Information Modelling and Discovery, Linguistic Modelling, Cross-Cultural 

Communication and Social Computing, Environmental Modeling and Engineering, and 

Multimedia Data Modelling and Systems. The conference has also been open to new 

topics, related to its main themes. In this way, the content emphases of the conferences 

have been able to adapt to the changes taking place in the research field. 

The EJC 2023 was hosted by the Faculty of Electrical Engineering and Computer 

Science of the University of Maribor, Slovenia on June 5 – June 9, 2023. The 

contributions of this proceeding feature eighteen reviewed, selected, and upgraded 

publications as well as one keynote and three invited contributions that are the result of 

v



presentations, comments, and discussions during the conference. We thank all colleagues 

for their support in making this conference successful, especially the program committee, 

organization committee, and the program coordination team, especially Professor 

Naofumi Yoshida, who maintains the paper submission and reviewing systems and 

compiles the files for this book. 
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The instrument lore of the ingenious instrument makers seems to be outdated with
the modern times. Neither an experimentalist nor a technologist who faces dif�cult prob-
lems will agree with this. Activities must be premeditated, tracked with understanding,
and evaluated. Again, models are the companion in all activities and also in the system-
atic and well thought-out action.

Models accompany social life in particular. They enable people to cope in the sim-
plest and at the same time suf�cient way, as well as to act with each other in the context
of the environment and the community. The challenging world, the biasing community,
the systems in all varieties, and the wide range of tasks are often far too complicated and
complex, so a wise reduction and orientation to the essentials while borrowing from what
is already understood and proven as successful both in a quick way and with model-based
thorough thinking with a wise use of models.

Models are also products of human critical realism 2. They are constantly modi�ed
with new experiences, insights, failures and successes. They allow a skeptical distance
and at the same time a successful processing paired with a hope for success. They allow
us a cosmopolitan open-mindedness and an internalization of usable knowledge in all
spheres of existence. They support all forms of thinking and are not just focused on ratio-
nal thinking for problem solving as arguably one of the seven forms of human thinking.
It is therefore inconceivable that once calculating machines can replace our model think-
ing. Machines � of whatever kind � will at best be partners or instruments. They need to
be pre-conceived in all aspects both as an actual machine and second order machine that
could incorporate pre-conceived changes. Encoding true human cognitive abilities is not
only time-consuming and highly laborious, but is still in its reductionist infancy.

Since models do not follow an absolute concept of truth, they are always to be re-
garded with a reservation. They are often revised for new situations and in new contexts.
They can make a claim to truth, but this is rather an exception. In contrast to the poten-
tial of science and technology, modeling always focuses on human limitations. Humans
cannot consider arbitrarily complex things. It needs a concentration on the essential, an
abstraction from the speci�c and a focusing.

Models are based on human capabilities and limitations. They are geared to ef�-
ciency and, in particular, to fast yet reliable solutions. It uses not only the intelligible
processing, but also unconscious or preconscious abilities as well as to a large extent the
intuition. Model science is as important a foundation as mathematics, where the art of
calculating, measuring, analyzing, and comprehensible reasoning teaches a foundation
of science and technology. We thus envision that a new model science in a similar form
becomes a daily use science with a complex of techniques and methods, as variation, for
exploration, design, representation and interaction. So far, a disciplinary foundation of
model science is lacking. We now want to present such a foundation.

With this breadth of application, importance, and universality, it is surprising that a
systematic model science is not a component of all disciplines or, in particular, a separate
discipline apart from the sciences, technology, and life. A disciplinary model science
or model lore exists in rudiments as [20] shows. However, a cross-disciplinary model
science is missing so far, which is why we try to �ll this gap. We will now introduce this
new discipline, modelology, and outline its potential.

2Models are actually results of social interaction and activity as well as of conscious, subconscious and
preconscious thinking as the �sixth� sense.

B. Thalheim / Modelology � The New Science, Life and Practice Discipline2



2. The Birth of a New Discipline

Human thought and action is universally accompanied by models in a variety of scenar-
ios such as the following ones: (1) communication and negotiation, (2) conceptualisation,
(3) description and representation, (4) system construction and optimisation, (5) system
maintenance and control, (5) prescription and governing solution realisation, (6) steering
and guiding, (7) re�ection and discussion, (8) documentation and demonstration, (9) per-
ception, (10) orientation and social life, (11) cogitation and cognition, (12) learning and
explanation, (13) investigation and exploration, (14) socialisation and interaction, (15)
substitution and agency, (16) interaction, and threescore more. They are the little helpers
and brownies in all activities, all thinking, all recognizing and all living together. It is
therefore astonishing why these universal helpers are not also systematically and scien-
ti�cally widely researched and why not everybody has to learn and master the discipline
of modeling like a school and university subject. Perhaps the diversity of model use is to
blame. We want to introduce a new discipline here and explain the basics of modelology.

2.1. Models � Another Dimension Between Situations and Theories

Models mirror and then re�ect observations and can also be used to explain and under-
stand theories. Therefore, models are classically often regarded as material or ideal ob-
jects that can be located between the two dimensions of practical and scienti�c life as an
intermediate between situations met in the state-of-affairs and the theories as depicted in
Figure 1. However, this only addresses a few of the roles that models play. In addition,
there are also models from engineering or even instructional models that cannot be lo-
cated in this way. Nor can models simply be understood linguistically as special language
constructs and therefore be reduced to a component of the semiotic triangle. Models can
be expressed linguistically, but they do not have to be. People develop models even be-
fore they can speak. They also use models throughout their lives that they do not even
represent linguistically.

First dimension Second dimension

Situations, ... Theories

�

Models representing situations, e.g.
state of affairs, phenomena, narratives, ...

�

Models as mediator and middle between
situations and theories

�

Models as representations
of theories

Figure 1. Classical view: Models as the middle and mediator between dimensions

If you look at the classical view in Figure 1 a little more closely, you quickly realize
that models are not just something between the two dimensions � situations and theo-
ries �, but that they form an independent dimension. They are completely different in
their variety, in their structure, in their use and in their theoretical foundation. Therefore,
one must consider models as an independent dimension as shown in Figure 2.

B. Thalheim / Modelology � The New Science, Life and Practice Discipline 3
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Figure 2. Modern view: Models � the third dimension between situations and science

Models are one of the main instruments in scienti�c research. They are considered
to be the third dimension of science [20] 3. Modelling is one of the four central paradigms
of Computer Science [17] beside structures (in the small and large), evolution or trans-
formation (in the small and large), and collaboration (based on communication, coopera-
tion, and coordination). An independent sub-discipline is also to be developed for Com-
puter Science, so that the huge body of knowledge can be widely used in a systematic
and learnable form. Typical de�ciencies of modelling in Computer Science are: ad-hoc
modelling, modelling in the small, limited reuse of models, models are not understood
as some kind of programs, and rigid separation into sub-disciplines without development
of a common understanding and culture.

When considering the dimensions, we have left out engineering and also social life.
Otherwise, models would be the �fth or sixth dimension.

2.2. The Conception of Model

Let us brie�y remember notions to modelling in [14] (see also [15,16,17,18,19]) 4):

�A model is a well-formed, adequate, and dependable instrument that represents origins
and that functions in utilisation scenarios.� [5,14]

�Its criteria of well-formedness, adequacy, and dependability must be commonly
accepted by its community of practice (CoP) within some context and correspond to the
functions that a model ful�lls in utilisation scenarios.

The model should be well-formed according to some well-formedness criterion. As
an instrument or more speci�cally an artifact a model comes with its background, e.g.
paradigms, assumptions, postulates, language, thought community, etc. The background
its often given only in an implicit form. The background is often implicit and hidden.

A well-formed instrument is adequate for a collection of origins if it is analogous
to the origins to be represented according to some analogy criterion, it is more focused
(e.g. simpler, truncated, more abstract or reduced) than the origins being modelled, and
it suf�ciently satis�es its purpose.

3The title of the book [3] has inspired this claim.
4We omit here a detailed bibliography of the more than 4000 works on models and further on the history of

modeling already considered by us and refer especially to [4,9,10,11,13,20].

B. Thalheim / Modelology � The New Science, Life and Practice Discipline4



Well-formedness enables an instrument to be justi�ed by an empirical corrobora-
tion according to its objectives, by rational coherence and conformity explicitly stated
through conformity formulas or statements, by falsi�ability or validation, and by stability
and plasticity within a collection of origins.

The instrument is suf�cient by its quality characterisation for internal quality, exter-
nal quality and quality in use or through quality characteristics [14] such as correctness,
generality, usefulness, comprehensibility, parsimony, robustness, novelty etc. Suf�ciency
is typically combined with some assurance evaluation (tolerance, modality, con�dence,
and restrictions).

A well-formed instrument is called dependable� [and thus reliable and trustable] �if
it is suf�cient and is justi�ed for some of the justi�cation properties and some of the
suf�ciency characteristics.� [14]

2.3. Modelology: From Art to Theory and Culture

Art of modelling is the current handicraft and skills in planning, making, executing and
as capacity to model well. It is going to become a practice-oriented apprenticeship due
to systematic generalisation of modelling experience.

Current development of modelology can be understood as a theory offer. It is a sci-
enti�c, explicit and systematic discussion of foundations and methods, with critical re-
�ection, and a system of assured conceptions providing a holistic understanding. A the-
ory offer is understood as the underpinning of technology and science similar to archi-
tecture theory. Theory offers do not constitute a theory on their own, rather are some
kind of collection consisting of pieces from different and partially incompatible theories,
e.g. sociology theories such as the reference group theory, network theories, economic
theories such as the agent, Darwinian evolution theories, subjective rationality theories,
and ideology theories.

In contrast to a theory offer, a (scienti�c) theory is a �systematic ideational struc-
ture of broad scope, conceived by the human imagination that encompasses a family of
empirical (experiential) laws regarding regularities existing in objects and events, both
observed and posited. A scienti�c theory is a structure suggested by these laws and is de-
vised to explain them in a scienti�cally rational manner. In attempting to explain things
and events, the scientist employs (1) careful observation or experiments, (2) reports of
regularities, and (3) systematic explanatory schemes (theories).� [2].

Modelology will be a constructive theory (applicative, explicate, exploitative, explo-
rative, prognosticative, predictive). It is based on principles, technology of modelling,
reasoning, theory in the sense of Vitruvius, Semper, Alberti, and Gregor [1,7,12,21]. It
provides practical (technical) and quality (esthetic) norms according to the goals of con-
struction and guided by some background. It is, thus, a discipline or area of systematic
theory founding with justi�ed and established knowledge. Modelology is becoming a
collective or particular discipline of study and learning acquired through the scienti�c
method.

We envision that is going to become a culture as practised and well-accepted theory-
backed technology and engineering and thus �collective programming of the modelling
mind�.

Modelology should provide answers to questions such as:

� What is a model? What are its essential elements? Which kinds of models re�ect
which task and support a solution of which problems? Which methods must be

B. Thalheim / Modelology � The New Science, Life and Practice Discipline 5



provided for a proper use of the model? Which methods support development and
modernisation of models?

� In which cases is the model adequate? What are the limits and and where should
this model not be used? In which case we can rely on a model? What means
dependability of models?

� What are good models? Which models are effective? Which properties can be
proven for models?

� How can models be integrated and composed?
� What are the correct activities for modelling?
� What is the added value of a model?
� Who can use the model how?
� What are the background theories of modelling?
� Why should a given model be where used? In what way? And by what means?

2.4. Modelology: Integrating Science of Modelling with Engineering of Models

Modelology is a new scienti�c discipline. This new discipline will be based on a well-
ordered and comprehensible arrangement of �ndings and a well-founded system for a
delimited subject area. It will be traced back to principles which are value-free, presup-
positionless and objective. Terms, categories, inner connections, dependencies will be
considered as well as general laws, theories and hypothetical proposals.

As in any such discipline, general disciplinary laws apply. For modellogy, e.g., the
theorem of internal coherence applies as a generalization of the theorem of excluded
contradiction, which requires that elements are not mutually exclusive but have a co-
herent context of meaning. The justi�cation claim for models is derived from the util-
ity and use of models depending on the requirements of the particular situation and the
needs of a user community. Justi�cation is therefore de- or inter-subjecti�ed relative to
the community. The quality requirements are also derived from this.

At the same time modelology is also the lore of the technique of thinking and acting
consciously with appropriate methods. This lore also includes methods of design, devel-
opment and utilization. It is accompanied, by formal procedures for designing models for
the given community in appropriate situations, for mastering, skillfully using, and wisely
advancing models in a web of models. This use also follows regularities for effective and
ef�cient use. The appropriate means are provided with the methods and techniques for
this.

In addition to the scienti�c claim to know something, there is therefore also the
claim to do something in an integrated form. This engineering claim also includes think-
ing ahead and acting to achieve the goals, requirements, and concerns. Thus also action
schemes and rule canons are a component of modelology.

In this context, models and modeling are not ends in themselves, but are seen as
means and helpers to cope with all situations. Modelology is a theory of construction
as well as an art of creating the arti�cial. This results in new research content, research
methods, insights, proven approaches and also theories, which are also used in other
disciplines, but have not been elaborated or have not been worked out.

This establishes a doctrine and lore that, starting from problems and research claims
based on relevant tasks, leads to a modeling professionalism that also stands up to
evaluation and scrutiny. This professionalism is based on a good number of principles
such as systematic construction, credibility, dependability, usability, comparability, cost-

B. Thalheim / Modelology � The New Science, Life and Practice Discipline6



effectiveness, relevance, and additionally multiple representation and coherence in model
suites. In addition, there is the transfer and diffusion of the �ndings and methods into
other disciplines and from these disciplines. This is an iterative and never ending co-
evolution.

3. Theses of Modelology as a Summary of Findings and Experiences

We already discovered that the art and lore of models and modelling is far broader than
often considered while trapped in the con�nes of a sub-discipline. �Something� must not
be named instrument or model while being an instrument or being a model. Modelling is
a common practice in all branches of computer science and engineering.

Research and practice has produced a good series of results in studies of models and
modelling which, although not generally compiled in full in this way, can be summarised
in the form of theses based on the body of evidence. We �rst present theses on models,
then on properties of models and at the end on the glory of using models.

3.1. General Theses of Modelology

Model science can be based on statements that already have a certain acceptance in the
practice of modelling. We orient ourselves on ten central achievements of model studies.

1. Models are a universal instrument of thought, work, mediation and socialisation.
They accompany being human also in the philosophies of nature and not only
with the late dominance of technology and science.

2. Everything (from mind games to artefacts) can � but need not � serve as a model.
Usually for a certain time, in a limited community or only for itself, in a context
and thus a landscape.

3. Models should be suitable and appropriate, but not perfect. They should not
be completely valid or free of contradictions. There are also pre-models, non-
models, and un-models.

4. Models need their community of �fans� who also need to have the possibilities
and skills to use a model appropriately.

5. Mind games and artefacts are born, live, survive, pass away completely or tem-
porarily, are taken up again and are also only understandable with the context and
the disciplinary matrix. They can also take on completely different functions and
roles in a different scenario.

6. Models and model-being change dynamically depending on the situation, con-
text, recipient, school and collective of thought, model usage success, evolving
concerns, and workshop as well as with use.

7. Models have their peculiarities and obstinacies, not only because of the form
of expression used, but also because of their inner peculiarities, which do not
even have to be explicitly inventible. These peculiarities and obstinacies partially
overwrite or cover the properties of the origins. They can push themselves into
the foreground.

8. Things, instruments and models can be modernised (evolutionary, revolutionary),
integrated into other models, and prepared for other uses, disassembled or canni-
balised.

9. Models do not have to be, not yet or not completely language-bound, as e.g. in
biosemiotics.

B. Thalheim / Modelology � The New Science, Life and Practice Discipline 7



10. Models integrate the existing world view of individuals or of a group of individu-
als without explicitly expressing this. They bring their own (disciplinary) matrix
and implicitly integrate deep models.

Models accompany humans just like other tools and are therefore the �little helpers�.

3.2. Theses on Speci�c and Important Properties of Models

Not everything is suitable as an instrument or even a model. There are commonalities that
can be observed, like the case study in [20], in model studies. Everything can become a
model if it is justi�ed by the circumstances, properties, and the characteristics. Therefore,
models also follow speci�cations for their properties.

11. There is not one model for a given task in a scenario, but many different options,
so evaluation and assessment theory is also required.

12. Models are meant to simplify and focus. Therefore, a model cannot be universal.
13. Models are instruments and should above all be useful, i.e. a model-being pre-

supposes being an instrument. They have a power of effect and of interpretation,
a validity claim, need for recognition, and a speci�c impact.

14. Models are often and also deliberately misused, so that there is a need for an alert
and trained mind and especially for model lore and modelology. Especially since
models are also dedicatedly used as �secret doctrines�..

15. Models and instruments can also be perfected to allow automatic use. Usually
this is associated with a special quality request.

16. Models were mostly developed by other members of the community, who shape
the artifacts or world of thought with their own culture, view, experience and
lifeworld without making this explicit.

17. Models have a life history together with the instrument-being and the (model) ob-
ject/thing. The history can be permanent, broken, resumed, with new assignments
for being, spiralling, etc.

18. Model elements can be freely or cared for associated with a meaning depending
on use, user and community. Meanings can be injected e.g. terms or concepts.

19. There is not THE model, but many models are used at the same time in a loose or
close association, whereby added value also arises precisely through this main-
tained coexistence.

20. Models can also consist of a model suite, i.e. a well-associated ensemble of mod-
els. The impact power usually increases in a suite.

As �little helpers�, models are not arbitrary, but possess speci�c properties that can be
postulated equally for all kinds of models (see �rst paragraph in Section 2).

3.3. Theses on the Usefulness of Models

The usefulness of models arises from the desire to master something. That is why models
have to useful. The application game, thus, determines whether �something� is a model,
a pre-model, a non-model, or an un-model. The model-being is determined by the ne-
cessities, desires, opportunities, expectations, and hopes of an individual or of the com-
munity of practice. It is an agreement within this user community, in the current situa-
tion, current moment of time, and current (disciplinary) background. The model-being
thus is determined through activities and context which are supported by a model. Mod-
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els are tools that support thinking, imaging, signifying, minding, fantasising, processing,
constructing, acting, undertaking, planning, organising, understanding, comprehending,
considering, learning, agreeing, communicating, orienting, socialising, etc. These human
intentions and the desire for support of any human endeavour determine the usefulness
of �something� as a model.

21. Models are useful, however �useful� is understood. Use and added value dom-
inate the nature of models. They are far more convenient than elaborated and
fully developed theories or technologies. They correspond much more closely to
human limitations.

22. Models have potential performance. Beyond this capability, models are not rea-
sonably usable.

23. The usefulness of models in an application scenario is justi�ed by a role in a
function that the model plays in that scenario.

24. Roles, functions, nature, brand, and mission may be consistently changed, re-
sumed, temporarily discontinued, or increasingly played out during the lifetime
of models.

25. Model use can be intentional (planned, designed, knowing, intended) and uncon-
scious (unintentional, preconscious, subconscious, involuntary, knowing, unde-
signed, unformed, oblivious, inattentive).

26. Models can also be possessed or owned as an instrument or model and are there-
fore for a general public to acquire �rst.

27. Mental (perceptual, intuitional, experiential, thinking, cognitive, orientational)
models serve a user �rst. No awareness of mental models is necessary or assumed
in a user.

28. Models often perform only in a (model) ensemble connected by multiple net-
works of relationships (alternatively meta-hypergraphs).

29. Model-based acting, representing, reasoning and interacting does not generally
follow the laws of classical mathematical logic or mathematics.

30. Model-based reasoning is also based on other reasoning mechanisms than those
of the exact sciences or the technical sciences. Essential components are plausible
and approximate reasoning.

The everyday understanding of models and their use is � compared to the understanding
in theory-oriented sciences � always diffuse, vague, fuzzy and �uid. The application in
the sciences �rst follows the accepted patterns of these sciences and can be grasped more
precisely. Engineering sciences are oriented towards the achievable result with multiple
justi�cations.

We restricted ourselves to thirty theses while confessing that there are far more such
theses that are commonly acceptable for model studies and especially for modelology.

4. Practical Modelology: Design with the Model House

Two central components of modelology are the doctrine of construction and the doctrine
of use. Although everything can become a model, models do not fall from the sky. They
have to be suitable for the intended use within the user community and also adequate for
the subject matter as well as dependable so that the use does justice to the concern. This
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raises the question of whether the construction of models cannot be systematically and at
the same time effectively accompanied by one or the other design procedure. There will
not be just one system, but rather many different ones.

In the following, we will present a systematics that follows the generic conception of
the model and that allows a targeted re�nement to speci�c and thus also special models
based on it. This systematics can be understood as design pragmatics. In this way, an
optimal design can be found from a wealth of requirements placed on the model, some
of which are contradictory.

4.1. The Conceptual Model of Model

The model de�nition does not yet allow to derive the structure and functionality of mod-
els directly. Therefore, a construction doctrine is also needed for models. Such a doc-
trine is based on the means of design and principles of order. It follows the paradigms,
principles and assumptions of modelology as well as the postulates of application. This
doctrine is based on a description of components. This is simplest by a development of a
conceptual model of the model.

Figure 3. The conceptual model of model: General architecture of the �model house�

The conceptual world in Figure 3 includes the nature of the model in the application
landscape (range of portfolio tasks of the model in scenarios of the community of prac-
tice (CoP)), the fundamentals (especially the strategic ones for the inner model behind
the model as a matrix), and the instrumentation (i.e. the formation and functionaliza-
tion) of the model based on tactical support and enablers. We use the complementarity
inherent in the model on the one hand through the constructive formation and on the
other hand through the range of functions provided. In models, origins (answer to the
�whereof�) are presented in a context based on a purpose and thus concern (answer to the
�why� and �wherefore�). The rhombus in Figure 3 represents the worksheet for model
construction and design. A paradigm analogous to design theory is the paradigm: design
follows purpose and concern.

4.2. A Systematic and Stereotypical Approach to Design of Models

For the design of models, we use a detailing of the individual concepts of the conceptual
model of the model using a step-by-step re�nement of the given generic de�nition of
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models. Thus, step by step, �rst, the suitability as an instrument, second, the adequacy of
the model, and third, the dependability of the model are constructed towards a speci�c
model.

4.2.1. Landscaping
Models are not simply developed as universal instruments. They are intended to work
in a speci�c application situation and in an application scenario for speci�c tasks based
on the CoP�s horizon of expectations. The model is embedded in a landscape with its
situations, scenarios, the mission�s goal and purpose, a CoP and also a usage situation.
This also determines the nature of the model, the mission in this application and the
brand of model.
Example 1 For the articulation of the model as a special model example we use as a spe-
cial descriptive model one that serves analysis, speci�cation, clari�cation of a common
understanding, and paraphasing for a development of an information system in a bank-
ing application with special orientation to the support of the bankers� work (different
than for the bank employees).

Therefore, in the roof of our model house, the concrete application, the functions of
the model and thus the nature of the model, the mission and the corresponding brand are
�lled. The appropriate playground for representing the landscape within a design process
is outlined in Table 1.

modelling playground for landscape setting (scenario, nature, mission, brand)

issue narrowing down and focusing the model on its tasks and functions
prerequisite previous detailed analysis of the application (mostly future optimized); elaboration of the

vocabulary of the application; delimitation of the stakeholders with their pro�les;
activity restriction to the essential in application on the basis of the real task and concern; detection

of invariants beside declaration of origins of interest
subject nature (whereof�as�what for�in), mission (tasks in model portfolio), brand (demands and

possibilities of the CoP) of model and its obligations; role in an application �game� (and
model journey)

supportive �model business� conditions; potential infrastructure; model pro�le (goal, purpose, func-
tion)

Table 1. Further �lling the model house: landscape speci�cation

A landscape represents the general appearance with all interacting factors according to
the characteristic rules as well as the containment in which the model integrated in it
should function. The model (as instrument) inherits the essential core of the considered
origins (�whereof�) as invariants from them in its own way and transports this core to the
result in appropriate (adequate, dependable) form to the result for the users respectively
according to the different scenarios (model journey: wherein,where).
With the instrument-being of ideas and artifacts also the four-formed nature of the model
is generally explainable on the basis of the concern or the central question. The nature
of being a model is characterized by a whereof (origins) � as (instrument) � what for
(concerns) � in (scenarios of use) pattern.
The mission describes the intended and hopefully successful use of �something� as a
model in a context and situation and thus the application scenario.
The brand describes the possible acceptance of the model-being within the community
of intended principal stakeholders.
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4.2.2. The Design Worksheet
The worksheet presents an intentional model (model-what-is, model-as-should-be, what-
how-why-when-where, model-used). It de�nes the development tasks and the composi-
tion of the model within the context of the landscape.

formation of model for scenarios (in categories) [capacity & potential intended]
potentially with canons (adequacy, dependability), con�gured

functionalisation for usage (canonical) [�game�] scenarios and model journey
and functionality according landscape as story space

pro�le
of model

for concern
and matter
with added

value

origins of
interest

considered,
sources in

context

model (suite)
as instrument

(+ cargo)

Figure 4. The worksheet for model (suite) design and con�guration

The situation and scenario in which �something� is considered a model in the CoP,
are clari�ed by the worksheet in a focussed and logical way as well as in a clear way by
answering questions in the worksheet such as the following:

• What models and model categories allow these model concern and matter to be ad-
dressed?
• What factors are going to characterise the model?
• What are the limitations of such a model category?
• Which functions are supported by the model in the given scenarios?
• What reliability can be expected with it?
• How can the game of suf�ciently precise analogy and parsimonious focus be resolved?
• Which CoP acts in which role, endeavor, and execution?
• What support and equipment should the model have as an instrument?
• What contribution can �something� have as a model in the given situation?
• To what extent can the model continue to be used as the situation changes?
• What potential and capacity does such a model have and lack?
• What shape and form should the model have as a well-formed and usable tool?
• Is the chosen orientation to the given approach and implicit model suf�cient?

The worksheet in Figure 4 and Table 2 serves as an orientation of the further con-
struction of the model.

modelling worksheet for the task �eld of model design and construction according its usage

issue clear outline of the task �eld for design
prerequisite concern is precisely conceived and understood
activity clari�cation of formation and functionalisation requirements; acceptable strategic direc-

tion; proposed framework for canonical features of the model
subject set the frame for model con�guration that is properly usable
supportive adapted as far as possible to the current application

Table 2. Further �lling the house: design worksheet according usage
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Example 2 (continuing Example 1) The model is canonically formed based on well-
known business data structures common in the application as a data structure descrip-
tion model suite for various data usages and equipped with the usual functionality for
object-relational analysis, development and design for a coordinated and appropriate
speci�cation of the banker�s work.

4.2.3. The Strategic Matrix
The strategic matrix underpins the model-being and thus also the instrument by an in-
trinsic, deep, and hidden model fundament in two foundational directives, �rst, by an
approach or methodology, and second, by adopting model experiences that have already
been tested. The disciplinary matrix generalizes the approaches of T. Kuhn and L. Fleck
[6,8]: (1) strategic components and paradigms, (2) beliefs and values within the CoP, (3)
experiences based on experienced examples, (4) a guiding question as the main concern,
and (5) methodologies or approaches. Methodologies also include pattern, templates,
directives, guidelines, and methods.

A model community shares a �philosophy� and also techniques of model develop-
ment and of model use. We can think of the matrix as a strategic background behind the
model that is often only implicit. The matrix directs model-based acting and thinking
from one side and contributes to the control of the model design from the other side.
Both directives also �ll in the justi�cations for being a speci�c or specialised model.

Example 3 (continuing Example 2) The model incorporates the application back-
ground (e.g., the way models are thought about, represented, handled), the approach to
development (e.g., the database life cycle), the way they are implemented (e.g., concrete
system environments), and the world of banking (e.g., organizational theory, speci�c
banking doctrines, bankers� thinking).

Most of the time, the underlying strategy is more of an �as-usual� practice that has
become naturalized and doesn�t need to be thought about. However, only a deliberate
choice of disciplinary matrix leads to truly reliable and thus dependable models. Table 3
demonstrates the breadth of strategic choices that should be explicitly known. Often, the
strategy matrix is simply taken from older and well-known analog applications without
critically questioning this and also having it available.

modelling playground for matrix con�guration
issue selection of intrinsic background, model basis, and foundation
prerequisite well-de�ned and understood theories and practices
activity paradigms and culture elaboration; describing essentials of thought school, commonsense,

conventions, conceptions, classi�cation system; proper approach and methodology selec-
tion, method canon specialisation; explication of restrictions, practices, guidance; incorpo-
ration and re�nement of existing experience; pattern and canon injection; opportunity space
rei�cation; donor model investigation; regulatory frameworks and rules; meta-models for
formation and functionalisation; strategems and stereotypes

subject characterising disciplinary matrix in all of its facets
supportive injectable shepherding fundaments for intrinsic (deep, inner) model

Table 3. Further �lling the house: explicit and sophisticated treatment of disciplinary matrix

The strategy, like the tactics, is implicitly assumed without presenting it. Thus, a
model can only be understood by extracting these components. The model does not speak
for itself, but speaks only when this background is collected in a dedicated way.
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4.2.4. The Tactical Workshop
Often goal, purpose and function of models are simply treated as synonyms. A goal is
a triform relation (is-state, goal-state, usage CoP). A purpose extends the goal by the
means to achieve the goal. A function of model relates the purpose to actual and intended
scenarios. Therefore, tactical equipment based on existing workshops serves to realize
the purpose. We can consider separately the support and the enabling equipment for the
formation and functionalization.
Example 4 (continuing Examples 1, 2 and 3) A banker�s information system thrives
on the naturalized understanding of how a bank (such as the bank of Japan) works, what
processes are performed and in what form (e.g., speci�c balance sheets), concepts and
terms, accepted theories, and also common practices. For a realization as an information
system we need as functionality also linguistic forms (e.g. of the banker�s everyday life),
means of representation (e.g. languages for conceptual modeling), and also the language
of the systems (e.g. database systems within a selected DBMS paradigm).

modelling playground for supporting and enabling the formation and functionalisation
issue incorporation of tactical capability and equipment for proper design and usage
prerequisite available world knowledge (encyclopedia, abstract notion spaces, semantics, pragmatics,

reference models, conceptualisation) and prowess (techniques, routines, terms, common-
sense, practices, helpers) for formation and functionalisation

activity importing and injecting world experience while considering CoP agreements, generic and
other models, common understanding, formation steering; exploiting and applying meth-
ods and techniques while considering common design guidelines, experience, functionali-
sation steering

subject extrinsic tactical incubation and reuse of workshops
supportive right pedigree for CoP

Table 4. Further �lling the house: supported and enabled by workshops and toolboxes

Table 4 explains the workshop and toolboxes used as ways of supporting and en-
abling the composition of a usable model. In detail, this then provides for the following,
with the speci�cs of the toolboxes also entering implicitly:
(1) The support of �something� as a model is done by an import or modi�ed adoption of
donors, carriers, bases, world knowledge, general personal views and ideas in the CoP,
bases used, the accepted and practiced ordering system, etc. It is therefore the usable and
used support world knowledge. Models have an environment for support and enablement,
similar to a workshop. They need a carrier, an underpinning or support, and a foundation.
They integrate donor models as well as knowledge from the application domain such as
conceptual worlds. The thinking, conceptual, and possibility space is presupposed for
models as a tactical environment in a focus for indexing, constituting, and representing.
(2) The equipment and arrangement of a �something�, which is used as a model, includes
all used aids, which can be described with the image of an instrumentarium of a work-
shop. Models have an environment to support, equip, and enable. Being a model is made
possible by tools for their design and use, esp. methods provided. They are equipped
with techniques as well as a design and use methodology from the �eld of application.
A frequently used tool are languages adapted to the application domain, e.g. for commu-
nication and dialogs within a CoP. Other tools support actions with models directly or
methodically. In addition, there is also a meta-equipment based on the chosen strategy
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and landscape. The workshops provide the model means on the basis of enabling world
prowess.

4.2.5. Final Design
With the background and possible tools accurately captured, one can also proceed to a
canonical design of models based on a con�guration. The con�guration of model-being
summarizes the nature, landscape, strategy, and tactics as an adaptation of model-being
to the model situation. It is often taken as a given. For example, in teams or exercise
tasks for conceptual descriptive database design, such a raw version is already assumed
in order to focus on the speci�c origins based on the given function in an application
scenario, i.e., to con�gure a model both on the one hand for the transmitter and on the
other hand for the receiver. This con�guration with a �blank� as a work piece is used
to systematically perform a model composition and develop a setup for both formation
and functionalisation. In many cases, such a �blank� version is conveniently used as a
starting point based on existing experience. The con�guration leads directly to a derived
disciplinary model conception on the basis of the deep intrinsic model [17]:
�Given a con�guration for modeling. A disciplinary model is a model with precon�g-
ured canonical adequacy and dependability that functions according to the requirements
of the con�guration in intended scenarios� within the discipline.

The disciplinary model concept is aligned with the core (for models on the na-
ture and landscape), the common approaches and methodologies, and the implicit expert
knowledge (i.e. implicit models for a disciplinary model) and the available means (for
models on the supporting and enabling) within the setting of the given discipline.

Example 5 In addition to the widely studied conceptual description model (e.g. paper
44 in collection 4 [14]), the prescription model is of particular value. A conceptual pre-
scription database structure model in the global-as-design approach consists of
(1) a database schema expressed by means of a conceptual modelling language with di-
rectives for interpretation of used constructs within the DBMS,
(2) a conceptualisation that re�ects the meaning of used constructs within the applica-
tion,
(3) a collection of views for both support of business users and system operating (i.e.
including realisation functionalisation),
(4) realisation templates with pragmas for realisation of the database within a given
platform setting, and
(5) a declaration of model�s canonical adequacy and dependability.

In Table 5 we follow the usual approach to the operational execution of the model de-
sign. For this purpose the canonical additions, the situation facts and the well-formedness
are executed step by step like in a thinking space on the basis of the rules in a �way of
designing and thinking�.

Example 6 (�nalising Examples 1�4) For the example, we assemble the individual
components, push implicit but intrinsic components into the background, and design the
model within the accepted postulates of the application and paradigms using the matrix,
as well as chosen tactical principles. Figure 5 brie�y visualizes the conceptual model of
a descriptive database structure model of our bank information system application for
bankers. The scheme in the picture is just one of many for the application.
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modelling playground for �nalising design of a useful model
issue operational development of model
prerequisite accepted con�guration (or canon); known world/application knowledge and prowess; con-

centrated, focused version of the world of Origins; completed and coordinated worksheet
activity cutting away all details that are not necessary for the speci�c scenario; choice of the best

abstraction, analogies, and foci; gradual and coherent step-by-step development based on
the matrix with tactical tools

subject design of the �nal model with concern orientation
supportive sophisticated composition is bene�cial

Table 5. Final �lling the house: operational and �nal design, construction and composition

Figure 5. The conceptual model of the Banker�s information system model

Most often, the conceptual model of a model is hidden after composition and only the
�nal product of the design process is given as in Figure 5 as the inner part of the concep-
tual model of the model. Cutting away landscape, worksheet, strategic, and tactical deci-
sions is not without problems and can also lead to misinterpretation such as the apparent
universality of object orientation. We note that often instead of looking holistically at
the complete model with its background and workshop, one only looks at the ocularly
�normal� model as a representative result, cutting away the entire context.

In Table 6, we now sketch the operational evolution of the many individual models
for the different roles of bankers. This sketch follows the general operational design
steps.
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modelling playground for �nalising design of a useful model
issue operational development of a banker�s model suite
prerequisite accepted matrix, esp. bank pedigree, banker�s knowledge; perfectly understood
activity stepwise and systematic formation of a number of coherent and integrated banker�s models

(in a model suite) and provision of best available functionality for information system
subject design of banker�s model suite within the role setting of bankers
supportive negotiated and tested structuring with sample data

Table 6. Final �lling the house: design frame for Example 5

5. Practical Modelology: Utility, Usage, and Usefulnes

For model use, we are so far only aware of case studies for speci�c models. Therefore,
this section will be kept short. A general theory of model use is still an outstanding
research and development task. We will only sketch an approach to such a theory of use
in the following. The usage side of modelology also needs a pragmatism underpinning.

Model usage can be examined with the 3U rule (utility + usability + usefulness)).
Special attention is paid to the form of usage (way of acting & working). An approach of
the form �accept it and use it� has often been advocated and leads to rapid modi�cation
or even rejection of models, especially when the speci�cs of an application must be
considered.

Example 7 (the disciplinary model in Example 5 for our running Example 6) A use of
models for an � accompanied by automatisms � development of systems seems to be
reserved for the later realisation. In the M2P (model to program) approach this can be
realized at least in a template form. We can illustrate this for prescription models in our
application. Database programming includes besides the automatic transformation or
compilation of the actual structures also maintenance of the integrity and consistency of
the database. The directives specify the way in which the individual constructs are to be
translated. The pragmas set the generated structures into the context of the DBMS, as in
the C++ compilation, so that with a three-step compilation (structure, conversion of the
directives, optimization with the pragmas) to a large extent automatically also the entire
realisation can be generated including the trigger networks and the macro state-based
treatment (e.g. initial, running, archived) (see papers 33, 36, 46 � 48 in collections [14]).

We can essentially distinguish three uses of models.

Apply and employ the model: The model or the model suite is put into service and is
used directly on the basis of its tasks, e.g. for practical problem solving, and then
validated to see whether the solution also corresponds to the concern. The model
remains so even after its use. Typical model types of this form are description, con-
struction, prescription, documentation, explanation, mastery, and (re)presentation
models.

Operate with the model: The model or the model suite suf�ciently fully substitutes for
the origins, produces an appropriate effect, performs as expected when applied,
and is used instead of origins functionally in the context of the concern in its cur-
rent form and environment. Typical model types of this form are communication,
replacement, substitution, reasoning, negotiation, theoretical, cogitation, optimisa-
tion, steering and intuition models.
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Utilise the model: The model or the model suite coexists with the application, is con-
stantly reused and modi�ed with the applications based on the concerns as well
as specialized if necessary. Typical model types of this form are learning, discov-
ery, re�ection, investigation, orientation, and socialisation models. agent, circum-
stance, degree, duration, explanation, group, instrument, manner, means, place,
purpose, role, time

We already introduced in detail the rational and intuitive methods in the EJC 2021
keynote paper in paper 41 in [14]. Figure 6 illustrates the other types of model use.

rational
model
usage

intuitive
model-based
skillfulness,

mastery

construction
model
usage

discovery
model
usage

presentation
model
usage

learning
model
usage

orientation
model
usage

socialisation
model
usage

facets
and variants

of model
usages

Figure 6. Facets of model usage

6. Finally

In this paper we have focused on model design, although model usage deserves an even
more extensive presentation. The basics of modeling are also missing, which have only
been elaborated in fragments so far. A methodology also used here is stereotyping for
both model development and use. Models are universal instruments of thought and ac-
tion. Therefore a modelology is not conceivable without a theory of application. So far,
we have tested this doctrine on applications in Computer Science, Business Informat-
ics, Medicine, and historical sciences such as Egyptology and Archeology. However, the
spectrum of applications is much broader.
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Remark: We have also refrained from an extensive bibliography due to the brevity of this paper on the new
discipline modelology. A small bibliography would quickly come up with a few hundred necessary entries.
More detailed information on our research papers can be found on research gate in collections [14]

at https://www.researchgate.net/pro�le/Bernhard Thalheim .
We have omitted many of the references to these works in this paper and assume some knowledge of them.
See also the youtube channel �Bernhard Thalheim� (alternatively: search �modelology�, �Modellkunde�),
videos at https://vk.com/id349869409 or at https://vk.com/id463894395 (in German).
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