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Abstract. Models are one of the main vehicles in everyday and scientific commu-
nication, understanding, learning, explanation, exploration, comprehension, repre-
sentation, starting points for investigation, pattern detection and exploration, system
development, problem solution, hypothetical reasoning, and theory development.
Models are mediators, explainers, shortcuts, etc. Models are used as instruments in
these scenarios. Their function varies and thus their properties.

This paper investigates the functions of models in dependence on their scenarios.
We concentrate the investigation on engineering and construction scenarios which
are the main model use in Computer Science and Computer Engineering. The prob-
lem solving scenarios, the science scenarios, and the social scenarios are considered
as well in a brief form.
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1. Introduction

Models are widely used in life, technology and sciences. Their development is still a
mastership of an artisan and not yet systematically guided and managed. The main ad-
vantage of model-based reasoning is based on two properties of models: they are focused
on the issue under consideration and are thus far simpler than the application world and
they are reliable instruments since both the problem and the solution to the problem can
be expressed by means of the model due to its dependability. Models must be sufficiently
comprehensive for the representation of the domain under consideration, efficient for the
solution computation of problems, accurate at least within the scope, and must function
within an application scenario.

1.1. Models in Software and Information Systems Engineering

Models in Information Systems (IS) development have three roles:

1. Acting as an abstraction of the real world;
2. Acting as a knowledge base;
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3. Acting as a communication tool.

The purpose of Information Systems (IS) is to support tasks of the real world (business)
processes; IS modelling creates an abstraction of that (Figure 1). The modelling pro-
cess itself creates an evolution chain of models from requirements to design and further
to implementation and maintenance. This evolution chain can be seen as an IS related
knowledge base transferring (communicating) IS related understanding (static and dy-
namic properties) between the development phases and among the development teams
representing a variety of interest groups of the IS.

Figure 1. The Role of Abstractions [25](modified by the authors)

In Figure 1 IS models (“system world”, lower part) are the abstractions of the real-
world (business) processes. Abstractions are focused on the essential characteristics; be-
cause of that there are detail gaps that provide means for misunderstanding and inter-
pretations. For a single set of characteristics we need several individual models describ-
ing the real-world from different points of view (a viewpoint represents a view to the
system under development), in which a single model provides a single view to certain
system characteristics. In Figure 1 these viewpoints are presented as overlapping ovals.
Overlapping binds the different viewpoints to the whole and provide means for confor-
mity and consistency checking. Such real-world properties that are not included in the IS
are represented by the external connections or excluded (based on abstraction, not seen
important and essential elements of the whole).

This simplified description of IS modelling rises up several questions:

1. What should be modelled and what can be left out?
2. How many views we have to take to the system?
3. How many individual models (modelling languages) we need?
4. When something is left out (which means that the model is not a complete 1-1

represenatation of the real world phenomenon) how the gaps are filled?



There is no clear right answer to these questions especially if we want to keep the focus
in the key issues. However, usually the problems in Information Systems relate more to
the features that are not modelled than to those that are included in the models. Models
make things visible.

Views are used in ordering the individual models. There are several approaches in
this issue; one of the most referred is the Kruchten’s 4+1 view model [26,47]. Kruchten
specifies a scenario view as a central point for the other views; it represents the visible
external behavior of the system in the form of use cases and other interaction models.
The four other views serve different needs: A logical view represents end-user function-
ality and is necessary information for a variety of interest groups, a development view
is targeted for the software developers and software management, a physical view cov-
ers aspects important for the system engineers transferring, and the process view to the
variety of roles responsible for the final software implementation.

Individual models are implemented by modelling languages. Every view covers sev-
eral viewpoints, which means that different modelling tools (languages) are needed. In
practice most commonly used modelling languages are semi-formal ones having formal
syntax and semi-formal semantics. Semi-formal modelling languages provide sufficient
exactness combined with reasonable easy understandability. These languages are located
in the middle area of the continuum having easy-to-understand (natural) at the one end
and formal exactness combined with difficulty in understanding by non-professionals.
There are hundreds of modelling languages for different purposes. The effort of OMG
(Object Management Group) has continued the work initiated by Grady Booch, James
Rumbaugh and Ivar Jacobson in 1990ies and standardized Unified Modelling Language
(UML). UML has gradually become a commonly used set of modelling languages, which
have also unified principles of IS development processes (e.g. Rational Unified Process -
RUP). UML has 14 diagrams divided in two groups - behaviour and structure diagrams.
See the details e.g. in [48].

The problem with the modelling gaps has two sides. On the one side is the exactness
and on the other side are the problems caused by the non-modelled details of the reality.
The more exact the model is compared to the real world phenomenon the more complex
is the model and the more effort is needed to develop it. The non-modelled gaps cause
misinterpretations and misunderstandings having final manifestation in system quality -
unfortunately so. However, these can be avoided by well organized quality control ac-
tivities and by keeping the usage related interest groups close to the developers (Ag-
ile development). One detail not discussed above is the role of non-functional (quality)
properties, assumptions and limitations. Without going to the details, we state that they
are changing along the development work to functionality, system architecture, a part of
the development process, or stay as they are to be verified and validated in qualitative
manner.

1.2. The Notion of Model

Let us first briefly repeat our approach to the notion of model:

A model is a well-formed, adequate, and dependable instrument that represents ori-
gins and that functions in utilisation scenarios. [8,39,43]



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

The model should be well-formed according to some well-formedness criterion. As
an instrument or more specifically 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 sufficiently satisfies its purpose.

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

The instrument is sufficient by its quality characterisation for internal quality, exter-
nal quality and quality in use or through quality characteristics [38] such as correctness,
generality, usefulness, comprehensibility, parsimony, robustness, novelty etc. Sufficiency
is typically combined with some assurance evaluation (tolerance, modality, confidence,
and restrictions).

A well-formed instrument is called dependable if it is sufficient and is justified for
some of the justification properties and some of the sufficiency characteristics.

1.3. The Storyline of the Paper

The approach to model functions and its explicit treatment is novel. The maturity of
model development generalises SPICE approaches to software development. Section 2
clarifies what are model functions, what is the journey of a model in applications, and
what kind of maturity is necessary. We observe that model utilisation can be categorized
in four general dimensions. Dimensions are not orthogonal. A model may be used for
problem solving and engineering at the same time. This paper orients on the engineer-
ing dimension of model deployment. Section 3 elaborates this dimension in detail. We
elaborate the role of models and derive which function a model has to play in order to be
properly used as an instrument in Section 4.

2. Functions of Models

The function of a model is often taken for granted and seems not to be an issue for
investigation. Many modelling problems are caused by the unawareness of functions that
models play, of the scenarios in which models are used as instruments, of the specific
maturity that is necessary for an instrument, and of the journey of a model within these
scenarios. Since models become somehow more universal after their development they
are used in additional scenarios and in additional functions. This section now aims at a
clarification of functions of models and their necessary level of maturity for dependency
and adequacy of a model.



2.1. Models are Instruments

Models are used in some application areas in order to achieve something. They are, thus,
aids in accomplishing tasks in those scenarios. They become then useful, usable and used
task utensils which have their capacity and potential [2].

Models are, thus, instruments3 that are adapted to facilitate a definite kind or stage
of operation in these scenarios, i.e. the model serves as an instrument or tool in a number
of roles. In a scenario, the use of an instrument may vary, i.e. the model can be used in
some variants of a play.

We observe in science that each science has developed its specific set of approaches.
Mathematics, for instance, uses the ‘mathematical method’. This method is a specific
mould, i.e. reveals clearly as having a certain character, forms the flow of processing and
thus application of a model, and determines a distinctive nature, character, or type of
the model to be used. Engineering and especially information system development have
their molds that became common practice. A similar observation can be made for almost
all sciences and problem solving tasks.

As tools instruments give practical effects to and ensure of actual fulfillment by
concrete goals. They combine the necessary components for this fulfillment what rules
the potential structure and the potential behaviour of models in these scenarios. They are
not lacking or faulty in any particular according to the purpose.

The role as an instrument in an scenario dictates which quality characteristics are
essential, i.e. in which case the model is sufficient and what are the evaluation and as-
sessment approaches. Sufficiency implies (1) the soundness and the excellence of every
model component, suggests (2) a completeness or perfection characteristics that can be
sought or regained by a model, implies (3) perfection deriving from integrity, sound-
ness, or completeness, and implies (4) retention of perfection of a model in its natural or
original state.

2.2. What is a Function of a Model

The function of something is determined by a characterisation what it is used for. The
function justifies a something’s existence. Functioning in a scenario means that models
obtain a role which clarifies the actions and activities assigned to or required or expected
of a model. The utility and usefulness of a model in some scenario defines the quality
of being of practical use. Quality is characterised by essential and distinguishing charac-
terisations of something. The capacity and the potential determines specified functions.
These general characterisations provide now a means for consideration of a function of
a model.

We distinguish the notion of goal, purpose, and function of a model similar to [9].
These notions are often considered as synonyms. The goal of a model is in general the
association between a current state and the target state that is accepted by stakeholders or
– more general – by members of a community. The purpose enhances the goal by means
that allow to reach the target state, e.g. methods for model development and utilisation.
The function extends the purpose by practices or – more systematically – by scenarios
in which the model is used. A typical scenario is the modelling method and its specific

3An instrument is among others (1) a means whereby something is achieved, performed, or furthered; (2)
one used by another as a means or aid or tool [32].



forms. The purpose is characterised by actions for a model is specially fitted or used
or for which a model exists. Actions might be complex and structured. We thus might
consider any of a group of related actions contributing to a larger action. The goal is
then something set up as an object or end to be attained. The function is performed as
expected when applied.

A model function provides a characterisation (1) as being sufficient; (2) being ade-
quate (either in quality or quantity); (3) as satisfying, fulfilling, meeting the requirements
or expectations within a given scenario; (4) as being fit; (4) as conform to, meeting, and
fulfilling the wants or needs or condition or restriction; and (5) provide and supply what
is desired or needed.

Function, purpose and goal are interrelated. The profile of a model combines the
three properties. A function implies a definite end or purpose that the one in question
serves or a particular kind of scenario it is intended to perform. A purpose suggests a
settled determination. A goal suggests something attained only by prolonged effort and
hardship. Other relation notions are intention, intent, design, aim, end, and objective. The
objective or goal means what one intends to accomplish or attain. The intention implies
little more than what one has in mind to do or bring about. The intent suggests clearer
formulation or greater deliberateness. The design implies a more carefully calculated
model. The aim adds to these implications of effort directed toward attaining or accom-
plishing The end stresses the intended effect of model utilisation often in distinction or
contrast to the action or means as such. The object may equal end but more often ap-
plies to a more individually determined wish or need within a community of practice.
The objective implies something tangible and immediately attainable. In the sequel of
the paper we will consider mainly the function of a model. A similar investigation can
be performed for the other notions.

Models are used as instruments in certain utilisation scenarios such as com-
munication, reflection, understanding, negotiation, explanation, exploration, learn-
ing, introspection, theory development, documentation, illustration, analysis, construc-
tion, description, and prescription. They have to fulfil a number of specific func-
tions in these scenarios. Typical functions of models as instruments in scenarios are

(a) cognition,
(b) explanation and demonstration,
(c) indication,
(d) variation and optimisation,
(e) projection and construction,
(f) control,
(g) substitution, and
(h) experimentation [45].

2.3. Functions of Models in Scenarios

In general, a scenario an outline or synopsis of an application story where a sequence of
steps is performed by some members of the community of practice. Models may function
as instruments in these steps. We notice that each of the functions below require a specific
form of model. For instance, typical functions in information system development and
maintenance scenarios (e.g. those in [1,30,37]) are typically:



Communication and negotiation scenario: The model is used for exchange of mean-
ings through a common understanding of notations, signs and symbols within an
application area. It can also be used in a back-and-forth process in which interested
parties with different interests find a way to reconcile or compromise to come up
with an agreement.
The model has several functions in this scenario: (personal/public/group) recorder
of settled or arranged issues, transmitter of information, dialogue service, and
pre-binding.

Conceptualisation scenario: Models may be used for conceptualisation of informa-
tion system terms. Conceptualisation is typically shuffled with discovery of phe-
nomena of interest, analysis of main constructs and focus on relevant aspects
within the application area. The specification incorporates concepts injected from
the application domain.
The function of a model within these scenario is semantification or meaning asso-
ciation by means of concepts or conceptions. The model becomes enhanced what
allows to regard the meaning in the concept.

Description scenario: In a description scenario, the model provides a specification how
the part of the reality that is of interest is perceived and in which way augmen-
tations of current reality are targeted. The model says what the structure of an
envisioned information system is and what it will be.
The function of models in these scenarios the representation of essential properties
and qualities in an accurate or precise form, i.e. delineation.

System construction scenario: Models in system construction scenarios are model
suites, i.e. requirement models, informative models, description models, prescrip-
tion model, and code models.
The functions in this scenario are inherited from those scenarios for models in the
model suite.

Prescription scenario: The model functions as a blueprint for or prescription of a infor-
mation system application, especially for prescribing the structures and constraints
in such applications.
Typical function of such blueprint models in these scenarios are: instruction, di-
rection, and guideline. Often diagrams such as UML diagrams are used in an in-
spiration function. This might, however, too limited.

Documentation scenario: Models are used for providing various concepts that have
been used for structuring and functionality development of a system. They specify
what will be is the system, how the system can be used, by what means, in what
way, what are supporting means, and wherewith facilities of the supporting soft-
ware systems. They typically describe the structure, purpose, operation, restric-
tions, and other requirements in a documentation scenario.
Functions of models are similar to functions of manuals, i.e. support for use, doc-
umentary validation, and presentation of documentary evidence.

Explanation and discovery scenario for applications: In early stages of database de-
velopment, the developer seeks an explanation and understanding of how, when,
and when which entities are of interest and should be taken under consideration.
Models serve then for presentation in a form that makes the origin intelligible
(comprehensibility of relevant ideas or objectives and understanding in an appli-
cation area) or support for hypothetical reasoning. The first function is typical



for domain-situation models [41]. The second one for mental models, especially
perception models.

Explanation and discovery scenario for systems: In later stages and reorganisation
of a system application or ‘brownfield’ modernisation, the modeler rediscovers
which constructs have been the basis for which part of the database, which asso-
ciations occur among these constructs, which general forms are behind them, and
the boundaries within which associations.
Within these scenarios model serve for information extraction, providing aware-
ness, or making the origin intelligible.

Knowledge discovery and experience propagation scenario: Models tacitly inte-
grate knowledge and culture of design, of well-forming and well-underpinning of
such models and of experience gained so far, e.g. meta-artifacts, pattern and ref-
erence models. This experience and knowledge is continuously enhanced during
development and after evaluation of constructs.
Models are functioning for elaboration, exploration, detection, and acquisition of
tacit knowledge behind the origins which might be products, theories, or engineer-
ing activities. They allow to understand what is behind drawn curtain.

These scenarios are typically bundled into use spectra. Information system development
is mainly based on description, conceptualisation, and construction scenarios. The re-
engineering and system maintenance use spectrum is based on combination of documen-
tation scenarios with an explanation and discovery scenario from one side and communi-
cation and negotiation scenario from the other side. Models are also used for documenta-
tion scenarios, explanation and discovery scenarios for applications or systems, and for
knowledge experience scenario. We concentrate here on the four scenarios.

Furthermore, we cannot handle all functions for these four scenarios. The treatment
and the properties of these functions can be exemplarily explained for one of them. Since
the theory and techniques for informative models have already been developed in detail
in [44], we can develop in detail the function that an informative model has to serve in
Section 4. The function can be characterised by verbal expressions. Informative models
are characteristic for the first phase of system development and for the documentation
phase. Informative models are typically used as leaflet or instructions for use.

In general, models can be considered to be the third facet of science4 beside situ-
ation and theories. They are an essential element in problem solving and engineering.
They are widely used in daily life without calling them models. We observe that model
functions vary a lot. Models can be characterised by the ‘logos’5. The logos provides a
separation of scenarios into perception/utilisation (see ‘word’), concordance/acceptance
(see ‘judge’), intellectual absorbtion and comprehension (see ‘mind’), understanding and
sense-making (see ‘power’), application (see ‘deed’), and reseoning-backed application
(see ‘reason’) [40]. We are going to restructure the separation of concern in [40] by devel-
oping four main dimensions of model utilisation. Model development can be investigated
in a similar form but is left out in this paper.

The four main scenario dimensions of model use in Figure 2 are:

4The title of the book [3] has inspired this observation.
5We refer to J.W. Goethe poem “Faust” poem where Faust reasons in the study room scene on the meaning

of the word ‘logos’ λóγoς . This word has at least 6 meanings where Faust used only four of them: word,
concept, judgement, mind, power, deed, and reason. The first and sophisticated introduction of the logos can
be traced by to pre-socratic philosophy and especially the work by Heraclitus [28].



Figure 2. The Kiviat graph for Functions of Models in Scenarios

Problem solving scenarios: Problem solving is a well investigated and well organised
scenario (see, for instance, [2,11,13,31,46]). It is based on (1) a problem space that
allows to specify some problem in an application in an invariant form and (2) a
solution space that faithfully allows to back-propagate the solution to the applica-
tion. We first describe a problem, then specify the requirements for its solutions,
focus on a context, describe the community of practices and more specifically the
skills needed for the collaborative solution of the problem, and scope on those ori-
gins that must be considered. Next we develop a model and use this model as an
instrument in the problem solving process. This instrument provides a utility for
the solution of the problem. The solution developed within the model setting is
then used for derivation of a solution for the given problem in the origin setting.
We may distinguish three specific scenarios:

Perception & utilisation: A problem becomes understood and can be investi-
gated in a proper form.

Understanding & sense-making: A problem is elaborated in such a way that its
specifics can be critically investigated and a solution can be derived.

Making your own: The problem is profoundly understood, properly formalised,
and a number of faithful solutions can be derived.

Engineering scenarios: Models are widely used in engineering. They are also one of
the main instruments in software and information systems development, especially
for system construction scenario. Engineering is often technology-driven problem
solving by practitioners where a problem got a different shape and a solution is
some material product within a given infrastructure. Engineering also considers
additionally robustness, failure management, safety, human factors, regulations,



practicality, and cost 6. So, the scenarios add to some perspectives that are used in
science scenarios techniques, methods or processes used in production of any kind
of goods, e.g. services (see, for instance, [6]). Engineering is a goal-governed pro-
cess of designing and making tools beyond what is already available. Typical mod-
els in engineering are trial-and-error models, inspiration or enlightenment models,
and product (consideration or documentation) models.
We may distinguish three specific scenarios depending on the level of sophistica-
tion:
Application: Handicraft, apprenticeship, and engineering is an art of creating and

manufacturing a technics-based solution. It does not have to be scientifically
grounded. They main success criterion is that the solution suffices.

Application management: The art of solution development might be properly
organised and this organisation allows to repeatedly produce a product for
similar requirements and tasks.

Well-understood technology: Technology of solution development supports pro-
fessional outcome-oriented (e.g. indicator-based) engineering and manufac-
turing including mastering the whole process of development of tools, pro-
cesses, machines and equipment with an integrated view on facilities and
systems.

Science scenarios: Sciences have developed a number the distinctive form in which a
scenario is organised. Sciences make wide use of mathematical modelling. The
methodology of often based on specific moulds that are commonly accepted in
the disciplinary community of practice, e.g. [2]. Model development is based on
four phases: description, formulation, ramification, and validation. In the descrip-
tion phase, individual perception and situation models involved into the modelling
situation, are isolated and the corresponding primary properties are identified and
represented, e.g. [12]. In the formulation phase, properties are interrelated, inte-
grated and combined into a preliminary, initial model. This model is analysed in a
ramification phase in order to check whether the model is a proper solution and to
interpret and to consider its implications. Finally, the model and its capability and
capacity are assessed in a validation phase.
We may distinguish three specific scenarios:
Comprehension: Most sciences and also empirical sciences use a systematisa-

tion scenario (see, for instance, [22,23]) where individual tasks are consid-
ered first, later combined, then considered together, next potentially based on
concepts and theories, and finally based on theories.

Computation and automatic detection: Hypothetical reasoning and data-driven
discovery scenarios are essentially search scenarios (see, for instance, [17]).
Data science, knowledge discovery, deep learning, and business intelligence
applications typically use this scenario.

Intellectual adsorption: Advanced mathematics and natural sciences use deep
theories that have been developed and conceptualised over several centuries.
Their scenarios are based on intertwined theoretical concept systems, on con-
ceptualisation, and on meta-reasoning.

6Engineering is the art of building with completely different success criteria (see [33]: “Scientists look at
things that are and ask ‘why’; engineers dream of things that never were and ask ‘why not’.” (Theodore von
Karman))



Social scenarios: Social scenarios are less investigated although cognitive linguistics
(e.g. [19,21]), visualisation approaches (e.g. [34]), and communication research
(e.g. [10]) have contributed a lot, e.g. by the notion of mental models and per-
ception models. Social models might be used for the development of an under-
standing of the environment, for agreement on behavioural and cultural pattern,
for consensus development, and for social education.
We may distinguish three specific scenarios:

Acceptance: Models support orientation. People might believe, trust or credit
what is given with the model. Schools of thought widely use models for
agreeing on approaches, on common understanding and thought, and on
some kind of exclusivity.

Internalisation & emotional organisation: Models may also affect behaviour,
understanding, communication, and social life. They are appraised in a com-
munity and might be the basis for a system of values.

Concordance & judgement: Models are often used in discourses. They allow to
collaborate to certain extend, to coact, and to integrate within a society.

In Section 3 we will now consider these specific models and their functions in en-
gineering scenarios. In most cases, a model is in reality a model suite that consists of
associated models.

2.4. Maturity of Models

A Maturity Model (MM) represents a path towards increasingly organized and system-
atic way of doing something. The maturity is defined by capabilities essential to fill the
goals of the target system. The Capability Model is a modular description of the capa-
bilities something has and needed to execute its tasks, described in the terms of the de-
sired outcomes. Each component of the capability model has its maturity defined by its
attributes. The maturity of the whole is the maturity profile of its components.

The most commonly used and the best known maturity models are CMMI and ISO
33004:2015 [4,15]. CMMI has its roots in late 1980ies, when Watts Humphrey joined to
Software Engineering Institute (SEI) of Carnegie Mellon University and published his
first version CMM [14] for improving the process quality of software developing organ-
isations. In his maturity model Humphrey applied Quality Management Grid developed
by Philip Crosby [5]. Since that CMM was further developed and applied in a big va-
riety of versions for different branches of business. The current version - CMMI v2.0
(Capability Maturity Model Integration) is published by CMMI Institute is from 2018
[4]. ISO 33000 series of standards [15] has its roots in 1990ies, when International Stan-
dardization Organization started project called SPICE (Software Process Improvement
and Capability dEtermination) as an international collaborative effort to develop a Stan-
dard for Software Process Assessment under the International Committee on Software
Engineering standard, ISO/IEC JTC1/SC7/WG10. Official standards developed in this
project were published as a series of standards ISO/IEC 15500 having the standard 15504
as a definition of their maturity model. The series number was changed to 33000 having
the standard 33004:2015 [ISO/IEC 2015] including the maturity model definition.ISO
standard included in two models - organizational level maturity model (continuous) and
process based staged model; in the current version these are coincided.



The CMMI maturity model is based on five levels, which are (1) Initial (unpre-
dictable, poorly controlled and reactive), (2) Managed (characterized for projects and is
often reactive), (3) Defined (characterized for the whole organization and is proacticve),
(4) quantitatively managed (measured and controlled) and (5) Optimizing (focus on im-
provement).
The ISO model has six levels, which are 0. Incomplete, 1. Performed (process perfor-
mance), 2. Managed (performance and work product management), 3. Established (defi-
nition and deployment), 4. Predictable (measurement and control) and 5. Optimized (in-
novation and optimization). The capability of processes is measured using nine process
attributes specific according to the levels.

As seen, both models, CMMI and ISO/IEC, follow the same basic principles. We
have adapted the six level model that is applies these principles to characteristics and
capabilities in our maturity engineering model.

3. Models in Engineering and Computer Engineering

3.1. The Maturity Level of Model Utilisation in Engineering

The three main scenarios in Figure 3 we investigate are application, application manage-
ment, and industrial development based on well-understood technology. Software engi-
neering and information system development is currently mainly based on the first two
scenarios. Models function then according to system construction. Recent development
on component-oriented development, pattern, and product lines can be considered as
early stages of the third scenario. Web information systems [35] used the third scenario
in the most advanced way.

Application: Engineering is using different approaches to development than science and
daily social life. The compilation of engineering knowledge (see, for instance, the
six volumes [24]). The acting and deed scenarios are typical for all handicraft
and apprenticeship processes. An artisan has developed a number of habits for
production. Software engineering and information systems engineering are often
limited to this handicraft approach. The level of maturity may be high or ad-hoc.
The process of developing a product is somehow organised but not systematic.
The quality cannot be properly guaranteed however since the management of the
whole process is a prerequisite.
We may distinguish the 6 levels of maturity similar to the taxonomy levels for
physical or handicraft work in [22,23]:

1. Be inspired, guided, imitate: There are already similar solutions that have been
mastered in the past, e.g. code that has been developed for similar application
problems. These solutions can be modified and used for the current problem.

2. Deliberately apply and manipulate: The current solution collection has led to
some understanding of the issues that have been developed, e.g. the code for
search algorithms the first volume of [24]. New solutions can be found knowing
the properties of these collections.

3. Deliberately and precisely practise and manage: The problem area may be
properly organised and the algorithms can be organised within flow of work,
e.g. the systematic organisation of the data mining process [20].



Figure 3. The Kiviat graph for Engineering Scenarios and their Maturity

4. Organise and reorganise course of action: Engineering can be reorganised
whenever it is necessary, e.g. agile SCRUM-based programming inherits the
goodies of classical software engineering.

5. Mechanise: The engineering framework has found some systematic treatment
that allows to mechanically derive the solution to problems, e.g. algorithmics
with the 10 classes of algorithms

6. Refine, reorganise, best practices: The problem area is so well understood that
solutions in this area can be developed based on best practices and inheriting
good solutions, e.g. on the basis of reference models valid for the entire appli-
cation, refinement, assessment, and getting the most of it.

These scenarios can be based on normal models [18,42]. The underpinning deep
model which incorporates the disciplinary modelling matrix (paradigms, postu-
lates, assumptions, ...) and the practised flow of action (mould) is inherited and
taken for granted.

Application management: ISO/IEC 33004 and CMMI [4,15] have brought an under-
standing of the level of maturity for development processes. Engineering as well as
software and information system development have developed approaches within
such scenarios but did not yet reach the highest levels of maturity. We may distin-
guish the 6 levels of maturity:

1. Fully describe: Each step of the scenario and the corresponding utilisation of a
model is well specified. The definitions are given and settled.

2. Execute well: The scenario can be executed and documented according to the
description and the model can be used as envisioned.



3. Manage properly: The scenario can be managed in a form that allows to assess
its level of completion, its lacking points, and its deficiencies.

4. Establish: The scenario has already practised in a number of applications and
the experience gained can be used for new projects by adaptation to minor
differences.

5. Understand the entire process: The scenario is well understood. A correspond-
ing theory for reasoning about the scenario has been developed and ready for
application.

6. Optimise the process: The scenario and the corresponding models can be or-
ganised according to a number of indicators and properties.

The deep model is partially known at least for the basis part of the background
[18,45]. This part and the normal modelling approach can be revised, reorganised
and optimised to certain extend.

Well-understood technology: Software and information systems engineering is now
developing approaches to become a technology of analysis, design, and develop-
ment. Civil engineering and production management are the blueprint for such nat-
uralisation. Industrial production uses tools, provides facilities for individualisa-
tion, and applies measures for integrated quality management. The scenarios and
the models become ‘naturalised’, i.e. industrialised, manufacturable, adaptable to
other application cases, more natural, and lifelike.

1. Existence of tacit tools and ready-to-apply methods: The scenarios and models
are supported by tools and methods which can be used to generate them.

2. Matured activity in a engineering scenario: The technology has becoming a
standard and is used for manufacturing.

3. Standardised application that use pattern and are based on genericity concepts:
A number of general and easy to adapt approaches have been developed and
allow instantiation, context enhancement and refinement on demand.

4. Ready for deployment general techniques: The manufacturing itself has led to
machine tool design that can be brought in as off-the-shelf and can be adapted
to the current circumstances.

5. Processes that provide facilities for adaptation and individualisation: The sce-
narios and the models can be individualised according to the very specific cir-
cumstances.

6. Processes that integrate quality management: Quality characteristics are incor-
porated into the entire process and can be properly maintained.

The technological understanding leads to properly manageable, adaptable and op-
timised processes that can easily adapted to new circumstance, e.g. to changes in
the indicator system. The deep and the normal models are well understood and
their effect can be predicted. These scenario are based on meta-models, meta-
scenario, and meta reasoning.

3.2. The Engineering Dimension and the Model Notion

It seems that software and information system engineering is far from the maturity lev-
els. We claim, however, that these maturity levels can be successfully accomplished if
models are developed according to the model notion. Maturity can be characterised by



capability attributes [4,15]. We base our approach on general quality management [16].
We define capability attributes directly by properties of adequacy and dependability Ca-
pability attributes for models are based on questions we can ask for a model or a model
suite. The most critical are the following ones:

• What is the function of the model in which scenario? What are consequential
purposes and goals? What are anti-goals and anti-purposes?

• Which origins are going to be deputed/represented? Which are not considered?
• Does the model contain all typical, relevant and important features of the origins

under consideration and only those?
• Rhetoric frame: who says what, when, where, why, in what way, by what means

that can be extended to the W*H frame [7].
• Is the instrument adequate and dependable within the utilisation scenario? What

are the parameters for adequacy and dependability?
• How purpose-invariance and solution-faithfulness is going to be defined?
• What kind of reasoning is supported? What not? What are the limitations? Which

pitfalls should be avoided?
• Do you want to have a universal model that contains all and anything? Would it

be better to use a model suite where each of the models depute/represent some
specific aspects? What about the non-essential aspects?

4. Functions of Models Defined by Verbal Expressions

Now we face the description problem for functions of models. Models can be classified
according to their instrument properties in scenarios. Let us consider only three specific
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functions: inform, reconstruct, and engineer. Moreover, these kind have also sub-kinds.



We arrive at a separation of models in Figure 4. This kind of separation can be combined
with the categories presented in [44,45].

These kinds lead to three different kinds of models with different capabilities, i.e.
three different styles (or stereotypes) of adequacy and dependability. The properties of
adequacy (analoguous, focussed, purposeful) and dependability (justified (corroborated,
coherent/conform, validated, stable/plastic) and sufficient (quality characteristics, evalu-
ation)) are specific for each kind. The properties can be considered as parametric char-
acterisation of the model capability.

4.1. Functions of Models Explicitly Given by Verb Fields

We still need, however, a means to characterise the functions of models. We propose
to use word fields (or semantic fields of words [27,36]) for characterisation. A word
field has typically several words which are related to each other by similar meanings or
through a more abstract relation. The bundle of words bears the meaning. The words
in a word field all relate to the same subject or concept. A word in a word field can be
considered as more general one than another in the same word field.We may thus draw
tree like the one in Figure 5. For instance, the word ‘believe’ is used in two seman-
tic fields: (1) (verb form) accept as true; taken to be true with a number of synonyms
(trust, buy, infer, bank, swear, believe in, rely, swallow, accept, understand); (2) (noun
form) as make-believe, the enactment of a pretense with other synonyms (feigning, pre-
tense, pretending, simulation, pretence, pretend). It seems that the hypernym (describing
a word more broad) and hyponym (more specialised and specific) association (for verbs
additionally the troponym) provide a specialisation and generalisation structure for word
characterisations of models. Since models are instruments we may reduce consideration
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to verbs and verbal expressions. For instance, engineering systems may be based on three
activities that are related to the three words describe, specify, and prescribe. “Prescribe”
itself is related to “instruct”, “direct”, and “guide”. “Instruct” with the meaning to “give
instructions or directions for some task” can be linked to either (1) “give instructions or
directions for some task” or (2) (less relevant for system engineering) “impart skills or
knowledge to”. The third meaning of “make aware of” can be neglected.

If we restrict the word fields to some specific ones then a functions becomes prop-
erly shaped and the capabilities which are necessary can be drawn. The corresponding
representation can be given as a category network. Each word field thus describes thus
the mission and the determination we have in the mindset as habitual or characteristic
mental attitude that determines how you will interpret and respond to situations. The mis-
sion separates the task into important ones and less important ones where the first enable
to perform properly this task in the given scenario as an assignment. The determination
decides and controls the model’s outcome or nature. The determination is an explanatory
statement extended by how the model is used, what is the main background behind this
instrument, and why to use this model. It provides basic ideas, features, particularities,
and the utilisation pattern for the model.

4.2. Model Function Extended to the Cargo

We may now derive a general specification form for the function of a model:

Word field describing the mission and the determination of a model;
When, how in general, what for, by whom, for whom the model is used;
Capability and incapability attributes as adjective characterisation of a model;
In what way, with what requirements the model has been developed.

The specification can be narrative, sign-based, or implicit. We advocate the first form and
an explicit statement about the function of a model. This explicit statement allows to rea-
son about when this artefact is not a model but simply an object, which anti-profile has
a model, and which specific considerations must be taken into account. The journey of a
model is given by an association to one or several scenarios. For instance, a model suite
in a waterfall approach consists of an inspiration model that is used before requirements
are agreed, of a declaration model describing the objectives, of a prescription model for
coding, of a documentation model for the code developed, and of an educational model
used for elaboration of experience gained during development.

For instance, an entity-relationship diagram may be combined with a number of
view schemata and realisation templates. In this case, it functions as a prescription model
in an information system greenfield development scenario if it is definitely guiding the
codification as a design of structuring and derivable viewpoints. View schemata are used
for representation of user viewpoints and viewpoints for system’s operating how the data
can be used. Greenfield scenarios start coding from scratch. Brownfield scenario use
another kind of model.

The word field “guide” has two aspects: to act as a guide to and to direct in a codi-
fication; to direct, to supervise, to influence, to superintend the codification. Partial syn-
onyms in this word field are “lead”, “steer”, “pilot”, and “engineer”. The background
comes with the kind of supporting technology and the deep model that is governed by
IS technology. Adequacy requires in this case mapping properties to the origins and to



the code. The focus is given by the origins that are exemplarily considered. The purpose
is related to construction. Corroboration, validation, and plasticity are determined by
the origins. Conformity is determined by the standards in the information systems area.
Quality in use is based on the visual representation requirements and the transformation
to code. External and internal quality are those that are commonsense in the area. The
tight binding provides also the evaluation of the model. The community of practice is the
modeller, the technologist, and the programmer. The binding to origins determines the
requirements to the model.

The cargo [29] of a model consists of the model functions and additionally of the
abstract declaration of the meaning, and of the narrative explanation of the identity.
The abstract declaration of the meaning mainly contains main semantic and pragmatic
statements about the model. The description of value of the model is determined by the
functions in the utilisation scenarios and its importance within the given settings. The
identity of a model is given by the actual and communicated identity. The three other
kinds of an identity (accepted, ideal, and desired identity) are often neglected. The cargo
can be considered as an abstract that describes the model. The cargo describes why a
model should be accepted by some community of practice and in which scenarios the
model has which functions, which context and background is (implicitly).

Any instrument that is used as a model has a cargo that determines its utility value
and its present utilisation value. The function is the central ingredient of this cargo.

5. Conclusion

In our paper we have introduced a framework that clarifies the essence of modelling. In
practice, the development of models in a variety of application scopes is not systemat-
ically guided and managed. We have started with a case study focusing in information
systems (IS) modelling the area of modelling that is best known by the authors. We
pointed out aspects that make IS modelling difficult and cause problems in model qual-
ity. Based on these findings we have developed stepwise our general framework explain-
ing the essence of different models and different modelling practices. We have wanted
to show the heterogeneity of models, but also the fact that model types have same basic
properties, functions of models.

In our framework models are seen as as instruments that facilitate functions. The
model has a goal (having a target state) that is expected to reach by modelling, purpose
that enhances the goal by means that allow to reach the target, and function that extends
the purpose by executable practices represented as scenarios. The paper handles the idea
of functions of models in a wide manner covering different (classified) types of models.

The first step in our framework introduces the scenario approach - we see functions
as scenarios. A wide variety of scenario types are discussed, but for detailed handling
we have selected four scenarios - engineering, science, social and problem solving. This
four scenario approach divides each main scenario into three sub-scenarios describing
the typical characteristics of them. This approach provides us means to analyse the ma-
turity of models functions in the scale of six. This analysis approach is derived from the
principles of CMMI and ISO 33004 maturity models. The detailed handling is focused in
engineering scenarios. We have developed similar analysis for the three other scenarios
- social, problem solving, science but because of the limited space these were left out of
the paper.



The second step of our framework we face the description problem for functions
of models. Models are classified in this step according to their instrument properties in
scenarios. For that purpose we have constructed three specific functions - inform, recon-
struct, and engineer. Two alternatives to specify the functions of models are introduced
- functions of models explicitly given by verb fields and model function as the main
ingredient of a cargo.

As a summary - we have introduced a framework that can be used in analysis of
modelling and developing modelling methods. It provides means for analyzing the ma-
turity and quality of models. The framework is useful both for modelling practitioners
and for those who are focused in developing modelling methods.
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Hintergründe, pages 11–37. Springer, 2013.

[12] I.A. Halloun. Modeling Theory in Science Education. Springer, Berlin, 2006.
[13] H. Hertz. Die Prinzipien der Mechanik in neuem Zusammenhange dargestellt. Akad. Verl.-Ges. Geest

und Portig, Leipzig, 2. aufl., nachdr. der ausg. edition, 1984.
[14] W.S. Humphrey. Characterizing the software process: A maturity framework. IEEE Software, 5(2):73–

79, 1988.
[15] ISO/IEC. Process assessment – requirements for process reference, process assessment and maturity.

ISO/IEC 33004:2015, 2015.
[16] H. Jaakkola and B. Thalheim. A framework for high quality software design and development: A

systematic approach. IET Software, pages 105–118, April 2010.
[17] H. Jaakkola and B. Thalheim. Supporting culture-aware information search. In Information Modelling

and Knowledge Bases XXVIII, Frontiers in Artificial Intelligence and Applications, 280, pages 161–181.
IOS Press, 2017.

[18] H. Jaakkola and B. Thalheim. Cultures in information systems development. In Information Modelling
and Knowledge Bases XXX, pages 61–80. IOS Press, 2019.

[19] R. Jackendoff. Foundations of languages: Brain, meaning, grammar, evolution. Oxford University
Press, 2004.

[20] K. Jannaschk. Infrastruktur für ein Data Mining Design Framework. PhD thesis, Christian-Albrechts
University, Kiel, 2017.



[21] P.N. Johnson-Laird. Mental models: Towards a cognitive science of language, inference, and conscious-
ness. Cambridge University Press, London, 1983.

[22] H.-C. Jongebloed and B. Kralemann. Die Bestimmung der Schwierigkeitsgrades von Aufgaben
unabhängig von zielgruppenspezifischen Verteilungen der Lösungswahrscheinlichkeiten. MBW
Schleswig-Holstein, Abschlußbericht, 2016.

[23] H.-C. Jongebloed and M. Twardy. Lernzielformulierung und -präzisierung. In Kompendium Fachdidak-
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