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Abstract. When searching for nature rules we encounter a fundamental difficulty: for technical reasons we are not able to investigate
the whole Nature — we have to explore its sections i.e. empirical systems (structures). However, even then it might happen that the
system is too complex and its comprehensive, direct investigation is impossible. In this case we can study the system by means of
its abstract model e.g. a mathematical model.

Abstract models of empirical systems usually present simplified modelled systems, where simplification depends on different reasons,
e.g. on the purpose of model construction or the state of our knowledge on a modelled system. As a rule we also exclude from the
model those independent variables, whose influence on a dependent variable is insignificant. Simplification does not have to mean
that the validity of the simplified heuristic model is lower than the validity of the same model before its simplification.

Some remarks refer to certain methodological problems associated with models and modelling, as well as scientific research per-

formed with those tools.
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1. Introduction

From the very beginning of our history a man observed
the surrounding nature, he perceived that occurrence of
some phenomena was characterized by a defined regular-
ity, he learnt how to use these regularities in everyday life,
forecasting the future phenomena. However, it took ages
before the first foundation of scientific research was ex-
pressed and before the methodology of sciences, as we de-
fine it today, was developed. Galileo Galilei (1564—1642)
and Izaak Newton (1642—1727) were the first ones from
whom the development of modern science could be dated.
Galileusz was the first one who applied systematic experi-
mentation, repeated measurements and a mathematical no-
tation of obtained results in his studies (Werle 1992). In
1687 Newton published his work: Philosophiae natura-
lis principia mathematica that included advanced ideas of
physics as a science. The most important, valid up to the
present day, methodological meaning of the work is that
“nature rules exist and can be found” (Stewart 1996).

Looking for nature rules we encounter a significant dif-
ficulty: we cannot investigate the whole nature — we have
to explore its sections, i.e. empirical systems. However,
even then it might happen that the system is too complex
and its comprehensive, direct investigation is impossible.
In such case we can study the system by means of its ab-
stract model. In this paper some methodological problems
associated with models and modelling, and scientific in-
vestigation by means of models will be discussed.

Many papers on modelling and models are available.
This paper is performed mainly on the basis of the manual
by Pabis (1985). This manual delivers basic information on
empirical and abstract system models and their modelling.

2. Basic definitions

The empirical system is a set of objects or elements con-
nected together with each other in different ways. The bio-
logical empirical system is an empirical system consisted
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of living forms and connections among the objects are
physical connections, in which life processes occur.

The abstract system is a set of abstract objects, i.e. el-
ements marked by sign symbols. The set has a structure
made by relations or functions defined as in mathemat-
ics. In natural science the term “structure” and “process”
are also used. They are equivalents for the term “system”,
which is defined as a dynamic system acting purposely.

Modelling can refer to: (1) model construction, i.e.
a consecutive action constructing an abstract or physical
model of a studied empirical system; (2) investigation of
a model in order to obtain some information on a modelled
empirical system.

“The idea of the model is notoriously ambiguous”
therefore “according to the sense, in which the term of
the model is used, models could be objects of different
types” (Cackowski et al. 1987). Generally, models can be
divided into abstract and material (physical) models. In
this paper attention is focused mainly on abstract models,
among which models informationally similar to a studied
empirical system and models structurally similar to a stud-
ied empirical system are singled out.

The material or abstract structure can be accepted as
a model of an empirical system if this structure is similar
to the structure of a modelled system. This similarity is
just what enables the replacement of a modelled empiri-
cal system by its model or models. Therefore, between the
empirical system and its model (or models) a similarity
relation must occur. However, the relation refers only to
a similarity important from the point of scientific inter-
est and not to a similarity per se. Hence, the similarity is
always considered as a certain set of features and a set of
properties.

3. Models

Empirical systems are composed of objects, which can
be studied directly or indirectly. In the latter case, the ob-
served phenomena i.e. empirical facts indicate their occur-
rence. In the indirect study of an empirical system the point
is that the study of this system is performed by means of
its model — an abstract system.

Abstract models made usually some simplifications
in modelled empirical systems. A degree of simplifica-
tion depends on different things, e.g. (1) on the purpose of
a model construction or (2) on the state of our knowledge
about a modelled system. As a rule we exclude from the
model those variables that influence the studied variable
insignificantly. Simplification does not have to mean that
the heuristic validity of the simplified model will be lower
than before simplification of the same model.

Different models can describe different aspects of the
complex system. Such models do not have to compete

among themselves, but considered from a certain point
of view, one could be better than another one (Churgin
1985).

3.1. Informationally similar abstract models

“An information model of the empirical system is an ab-
stract structure that can deliver numerical information on
this system, although there is no similarity relation to its
structure”. An empirical formula, created after the inves-
tigation of a given empirical system is an example of this
kind of model. In order to make empirical formulae, it is
necessary to select mathematical formulae, which can re-
place measurement results or observations. Information
models are not abstract models of scientific knowledge but
applied knowledge. They can be of practical significance.

Contrary to structurally similar models, informationally
similar models of empirical systems although deliver some
information about these systems, they do not allow us to
get to know them more profoundly and do not explain nei-
ther the structure nor the activity of these systems.

According to Pabis (1985), only structurally similar
models can influence a real development of science and
increase the scientific knowledge. Therefore, in his opin-
ion, a researcher ought to prepare information models of
empirical systems only then, when there is no other pos-
sibility to construct structurally similar abstract models of
the studied empirical systems.

3.2. Structurally similar abstract models

A syntactic model is a structure made of logic or math-
ematical abstract symbols. Among this kind of models,
there are models of formal logic, set theory or algebra.
The gravitation model given by a formula s = f(x, y) (1) is
the syntactic model (Ackoff 1969; Pabis 1985).

We deal with the semantic model when it is possible to
assign a certain empirical system to the syntactic model,
i.e. when the syntactic model describes a certain empiri-
cal system. For example, if in the equation (1) the symbol
s means a distance covered by a freely falling object, the
symbol x means a gravitation value of g and the symbol y
means a time value of ¢, then we obtain the semantic model
expressed in the following way: s = f(g, f) (2), which in-
forms us that s is a function of g and 7 (Ackoff 1969; Pabis
1985).

The semantic model cannot be applied yet to study in-
directly the empirical system represented by this semantic
model. First of all, it is necessary to find the f function. It
means that the semantic model must be transformed so as
to be able to present results of the study of the modelled
empirical system by means of numerical values. After add-

1
ing a coefficient of 5 and an index of 2, the gravitation
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model is expressed as s =% gt2 (3) (Ackoff 1969; Pabis

1985). In this way, the semantic model is transformed into
an operational model i.e. into a structural semantic model
that allows a numerical presentation of the study results of
the empirical system.

Operational models of the algebraic structure are de-
fined as mathematical models. Due to their formulation
and function in the methodology and methods of empirical
sciences, mathematical models can be divided into deduc-
tive and inductive models.

Deductive models are built by means of deductive in-
ference. It is a process of deriving a conclusion that neces-
sarily follows from given rational premises. Mathematical
deductive models very seldom can be built in empirical
sciences. In such a case, we have to use inductive models
or, as a last resort, informationally similar models.

When the mathematical deductive model cannot be
constructed but there are some empirical data at our dis-
posal, inductive models are built. They are built by means
of inductive reasoning — the process of deriving a reliable
generalization from observations. This information enables
a scientist to make a prediction about a structure of a stud-
ied empirical system. In practice, a subjectively selected
or predicted empirical formula forms the structure of the
inductive model. It means that we have to select a sub-
stantial mathematical formula e.g. exponential or power
function etc., and to indicate a method of data analysis
e.g. variance analysis, linear regression analysis, multiple
regression analysis etc. In this place it should be stressed
that the so called statistical models, which do not fulfil cri-
teria of the empirical system’s model, ought to be included
in the class of empirical formulae, being at the same time
information models.

Before a given inductive model is accepted, it must be
empirically verified. Verification allows the estimation of
an error’s size, with which a model structure approximates
an unknown structure of a studied empirical system as well
as the applicability of this model in science.

Taking into consideration the type of numerical in-
formation, which can be delivered by operational mod-
els, we divide them into deterministic and probabilistic
models. A deterministic model is a mathematical model
with a structure that always assigns a unique value of y to
each value of x. A probabilistic mathematical model acts
in a random way. This model has a structure that assigns
more than one y value to a single x value.

4. Systematic and mathematical modelling

As it was mentioned before, operational models of alge-
braic structure are defined as mathematical models. Con-
struction of mathematical models of relational and alge-

braic structure is performed on the basis of systemic and
mathematical modelling. The final purpose of systemic and
mathematical modelling is to build a mathematical model
of algebraic structure that at the same time could be an
operational model of a modelled empirical system.

Systemic modelling is applied when a modelled em-
pirical system is of very complex structure or there is no
formalized empirical theory from whose laws or statements
a mathematical model of a given system could logically
follow. In systemic modelling a mathematical model of
algebraic structure is formulated when a mathematical re-
lational model of a modelled empirical system is ready.

In some cases, a structure of a modelled system is so
simple that the systemic modelling phase can be omit-
ted, and then we start a construction of an operational
mathematical model by means of mathematical model-
ling methods. Pabis (1985) discussed different methods
of mathematical model constructions. Many examples of
mathematical modelling in biology are described by Fory$
(2005). Also a classic work by Smith (1974) is worthy of
attention.

5. Knowledge
— a process of scientific explanation

Abstract models can be considered as tools to learn em-

pirical systems and should be used expertly. According to

Pabis (1985), knowledge as a process of scientific explana-

tion of empirical systems’ structures, as well as methods

and effects of their activity, in the theory of knowledge it
is understood as:

— a cognitive activity, i.e. a process of carrying out ob-
servations, measurements and reasoning — by means of
scientific methods — in order to explain the observed
facts, to draw conclusions etc.;

— an effect of a cognitive activity i.e. a process of formu-
lating hypotheses, scientific statements and theories.
Knowledge as a cognitive activity is associated with

methods of empirical sciences and psychology, because
any empirical cognition is performed by means of senses.
Knowledge as an effect of a cognitive activity is close-
ly connected with methodology of empirical sciences. It
should be remembered that the theory of knowledge deals
with the essence of truth, as well as with sources and limits
of knowledge. However, the method of solving these prob-
lems by the theory of knowledge depends on a philosophi-
cal direction on which the theory is grounded.

6. Principles of scientific research

Scientific research should be performed according to some
rules in order to provide scientific knowledge. It is not
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so simple because terms such as science and a scientific
method are defined in a different way (Bochenski 1992;
Heller 1992; Chalmers 1993; Weiner 2003).

Without going into details, one can say that science
is a methodical study of the objective reality. Scientific
research uses a method that enables a minimization of in-
ference errors, and causes that established facts and results
obtained on the basis of these facts are intersubjectively
verifiable. Methodology is a science dealing with scientific
methods. It examines what methods and what way they
should be applied in order to reach the aim of the study.

The scientific research does not consist in collecting,
classification and ordering of observations. This kind of ac-
tivities can constitute at most the introduction into heuristic
studies. The basic aim of each scientific study is to recog-
nize statistical regularities or patterns and to explain them.

The regularity always occurs when specific conditions
are fulfilled. The example of this kind of regularity is the
Avogadro’s law: “Equal volumes of different gases, at the
same temperature and pressure, contain the same number
of particles or molecules”. It is important to specify pre-
cisely the conditions of a recognized regularity. At present,
it is difficult to indicate an ecological regularity that fulfils
this requirement and probably this is the reason why the
ecological regularities do not have great prognostic capac-
ity as physical and chemical regularities do. In this respect,
the publication by Palmer (1994) is an excellent illustra-
tion. Therefore, in my opinion, more attention should be
paid to the detection of “strong” regularities rather than
to the explanation of unconfirmed regularities of studied
phenomena.

Scientific studies are reliable if a uniform terminology
is applied (Wotek 1997 and literature cited there). The ideas
and terms should be identically understood and interpreted
by all scientists. The best would be if they were defined
operationally (Ackoff 1969). It should be remembered that
a scientific method ought to be based on uniform method-
ology and methods. If particular researchers dealing, for
example, with competition use different terminology and
methodology, their results will not be comparable. And
then it will be difficult to find a “strong” regularity.

It was found long ago (Heller 1992) that “each observa-
tion is closely and inevitable involved in theoretical con-
text” (“there are no naked facts™). Therefore, it should be
remembered that each observation should be oriented by
a certain hypothesis.
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