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EDITORIAL
Dear readers,
this issue of journal INDECS brings about two interesting groups of contributions to
complex systems research.
First group consists of selected and regularly reviewed articles which were invited
based on the previous presentations held during topical workshop “Physics and
Economics”, Budapest 2010. Details about that workshop and corresponding articles
please find in the accompanying guest editorial, prepared by Prof. Katalin Martinás,
President of the Workshop’s Scientific Committee and member of the Advisory
Board of this journal.
Second group consists of articles prepared independently by authors on diverse, rather
interesting topics.
In the article by Bangwei Zhang you can read a novel and profound contribution to
unification of human civilisation’s development on the fundamental level – the material
which have been in its basis. In this article the author considers processes which
altogether span several million years. Author Anđelko Đermek deals with another
historical processes, yet of a considerably smaller temporal and spatial span. He analyses
geometrical aspects of pre-Christian Slavic people in the region of modern Croatia.
Further two articles focuses onto modern urban areas. Author Girma Gezimu Gebre
analyses one modern aspect of urban life in his country, the food insecurity. Based on
the considerable data collection and analysis, he extracts in a rather systemic way, few
most important aspects of the analysed system. Authors Wahid Md. Murad et al.
analyse interference among urban poor’s personalities and their actions regarding
micro-environment issues.
Suzana Jurin analyses some aspects of communication within corporations and
provides examples from her previous exhaustive field study. Finally, Mihael Paar
provides insight into system formed temporary in order to clarify issues regarding
some historic musical work. He applies his results onto a particular musical work.
Cordially,
Zagreb, 26 June 2012

Editor-in-chief
Prof. Josip Stepanić
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GUEST EDITORIAL
Dear readers,
“Physics and Economics” workshop was organized by the Thermodynamic Group of
Roland Eötvös Physical Society (8-13 December 2010) in Budapest at The Economic
Department of BME GTK University. The conference was financially supported by
Hungarian Research Fund, OTKA K 61586.
The workshop was intended to bring together the interdisciplinary groups of
researchers working on physics, thermodynamics and economics to provide a forum
for exchange of new ideas, for discussing the emerging topics and also for gaining
fresh insights into possible applications of methods of thermodynamics to study of
socio-economic systems. We hope that this purpose has been fulfilled, at least
partially, since definitive success cannot be expected in this “never-ending story” of
interchange between real life and various research domains. Authors of selected
lectures were invited to prepared full versions of their ideas in the form of articles, to
be considered for inclusion in the Proceedings. Such articles were accepted after
affirmative review process conducted by the members of the Scientific Committee.
Three papers deal with the results and developments of thermodynamics, which have
direct or indirect economic consequences.
Michel Moreau’s contribution on “Sustainable Efficiency of Far-from-equilibrium
Systems” deals with a very important question of energy efficiency for real world
systems. They introduce the concept of sustainable efficiency” to characterize the
global costs of energy production from heat sources. The theoretical investigations show
that the upper bound of sustainable efficiency implies a new higher bound of Carnot
efficiency at maximum power, which is higher than the so-called Curzon-Ahlborn
bound of efficiency at maximum power.
P. Ván and J. Gróf’s article “What is thermodynamics and what is it for?” offers a new
approach to thermodynamics. A dynamic approach to equilibrium thermodynamics is
presented, which opens possibilities in modelling and optimisation of processes and
devices in engineering.
Attila Grandpierre’s article “Entropy, Extropy and the Physical Driver of
Irreversibility” gave a simple but transparent physical approach for solving the
problem of irreversibility. It was shown that extropy; the fundamental thermodynamic
variable introduced to measure the distance from equilibrium is the suitable physical
measure of irreversibility.
Further three contributions apply the methodology of thermodynamics to understand
and develop the economic theory.

Interdisciplinary Description of Complex Systems 10(2), iv, 2012

S.A. Amelkin’s article “A Model of an Open Microeconomic System, Taking into
Account its Objective Function” applies the methods of finite time thermodynamics
for economic modelling. The results concern the profitability conditions and
optimisation.
K. Martinás’s article “Greatest Happiness Principle in a Complex System Approach”
discusses the different hedonistic and eudaimonian (Aristotelian) concepts of
happiness. It argues that modern neoclassical economics is in the hedonistic line,
while the results of the modern happiness studies show that the eudaimonian approach
better fits to the human behaviour. The framework of the new economics based on the
eudaimonian happiness is outlined. This approach requires the complex system
description of economics.
Finally, K. Martinás and Zs. Gilányi’s contribution “Greatest Happiness Principle in a
Complex System: maximisation versus driving force” discusses the question of the
mathematical modelling of decisions. A new concept, the unit basket vector is
introduced to characterize the change of stocks of goods in the decision situation. The
total change is the product of the volume (intensity) of decision and the unit vector.
The volume – expected gain relation is the economic force law, which can be used
instead of maximization of the expected utility.
Budapest, 22 June 2012

Guest Editor
Prof. Katalin Martinás
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ABSTRACT
The Carnot efficiency of usual thermal motors compares the work produced by the motor to the heat
received from the hot source, neglecting the perturbation of the cold source: thus, even if it may be
appropriate for industrial purposes, it is not pertinent in the scope of sustainable development and
environment care. In the framework of stochastic dynamics we propose a different definition of efficiency,
which takes into account the entropy production in all the irreversible processes considered and allows for
a fair estimation of the global costs of energy production from heat sources: thus, we may call it
“sustainable efficiency“. It can be defined for any number of sources and any kind of reservoir, and it may
be extended to other fields than conventional thermodynamics, such as biology and, hopefully, economics.
Both sustainable efficiency and Carnot efficiency reach their maximum value when the processes are
reversible, but then, power production vanishes. In practise, it is important to consider these efficiencies
out of equilibrium, in the conditions of maximum power production. It can be proved that in these
conditions, the sustainable efficiency has a universal upper bound, and that the power loss due to
irreversibility is at less equal to the power delivered to the mechanical, external system.
However, it may be difficult to deduce the sustainable efficiency from experimental observations, whereas
Carnot’s efficiency is easily measurable and most generally used for practical purposes. It can be shown
that the upper bound of sustainable efficiency implies a new higher bound of Carnot efficiency at maximum
power, which is higher than the so-called Curzon-Ahlborn bound of efficiency at maximum power.
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INTRODUCTION: A SHORT STORY OF EFFICIENCY
CARNOT EFFICIENCY
From the beginnings of thermodynamics, efficiency in work production from heat exchanges
played a basic role. In the particular case of a cyclic motor operating between two reservoirs
with temperatures T1 and T2 (T1 > T2) the celebrated Carnot efficiency C is defined
arbitrarily, but logically, as the ratio of the total work W produced per cycle and of the heat
Q1 provided in each cycle by the high temperature reservoir.
In 1824, Carnot stated that the efficiency of a thermal motor only depends on the
temperatures of the sources. He published his results at his own expenses in a small booklet
“Réflexions sur la Puissance Motrice du Feu et sur les Machines Propres à Développer cette
Puissance” 1, although the equivalence of heat and energy was not recognized yet. This
deeply innovative work was underestimated by other scientists untill Clapeyron (1834),
Clausius (1850) and Thomson (1851) pointed out its importance. Then, Carnot’s result was
written as the famous inequality

C 1 

T2
,
T1

ANOTHER DEFINITION OF EFFICIENCY
Carnot efficiency gives very different status to the heat sources, because the importance of
environment (usually the low temperature source), is often underestimated in practical
applications. However, this should not be the case from a modern point of view, and Carnot
efficiency could be inappropriate for taking into account the damages due to the irreversible
changes implied in work production from heat sources.
Other definitions can be proposed to take these damages into account. For instance, the total
“price” of the thermal exchanges should consider not only the price of the heat provided to
the hot reservoir (the furnace), but also the cost of the heat rejected into the lower reservoir
(the environment).
A simple, naive way to do this could be to define the „ecological“ efficiency

E 

W
Q1  Q2



Q1  Q2 T1  T2

,
Q1  Q2 T1  T2

Such an efficiency does not differ essentially from Carnot definition, since E is just an
increasing function of C. Nevertheless, it gives a better measure of efficiency from the point
of view of sustainable development.
EFFICIENCY AT MAXIMUM POWER
Yvon (1955)
It was soon realized that actual engines cannot work with Carnot maximum efficiency, since
then power production vanishes. In practise, it is important to obtain the highest possible
power from a given fuel expense. The first physicist who analysed this problem precisely and
gave it a response seems to be Jacques Yvon (who is mainly known because in 1935 he
formulated the principle of the celebrated B.B.G.K.Y. hierarchy of statistical mechanics). At
the International Conference on Peaceful Uses of Atomic Energy, Genova, 1955, Yvon
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presented a talk intitled “The Saclay Reactor: Two years experience on heat transfer by
means of compressed gas” where he gave the efficiency at maximum power (including a
coefficient due to non thermodynamic losses) 2
T
C ~ 1  2 .
T1
This talk appeared in the proceedings of the conference, but the derivation is only sketched
(although its principle is clearly given), and it was not published elsewhere.
Novikov (1958)
Since then, this formula was known among nuclear physicists and engineers 3, 4. To our
knowledge, Novikov was the first one to publish a complete derivation (including other
ingredients necessary for application to an atomic plant) of the Yvon result, which could thus
be called the Yvon-Novikov efficiency. At this stage, all the derivations were based on a very
simple reasoning, taking into account that the highest temperature of the system should be
less than the hot source temperature, in order that the diffusive heat flux received by the
engine can be finite.
Others
Twenty years after Yvon’s work, Curzon and Ahlborn gave a more complete derivation of his
result by considering the temperature differences between both the hot and the cold sources
and the highest and lowest temperatures of the system, respectively, and, under specific
conditions, the durations of the exchanges 5. Maximizing the power produced with respect
to these temperatures differences yields the Yvon-Novikov efficiency. This is why this
efficiency is now often denoted CA and called the Curzon-Ahlborn (CA) efficiency
T
 CA  1  2 .
T1
In 2005, Van den Broek obtained the same result from linear irreversible thermodynamics for
a small temperature difference T1 T2 6. Then he extended the formula to an engine
controlled by an external parameter which makes him operate with a cascade of intermediary
temperatures, as explained below.
Later, many authors extended these results to more general cases (see for instance 7) and
the upper bound CA has been generalized to complex situations and chemical engines (see for
instance 8-11).
Experimental study of actual motors indeed showed that the observed upper bound of their
Carnot efficiency is often much closer to CA than to the Carnot limit 5. It can be remarked,
however, that the industrial efficiency includes many non thermodynamic losses, which may be
difficult to evaluate, so that the thermodynamic efficiency cannot be estimated very accurately.
The old experimental results given by Curzon and Ahlborn bear on a very small number of
examples, but more recent and systematic measures are reported by Esposito et al. 12.
These values do not always respect the CA bound and suggest that this bound may not be
universal. We will see that this conclusion is supported by very recent developments.
RECENT ADVANCES
With the advances on nanomotors and the development of stochastic thermo-dynamics, the study
of motors efficiency became a very active field in the last years. In 2010, Gaveau and coworkers
introduced the new concept of sustainable efficiency, presented in the next section 13. As
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summarized below, they showed that the Carnot efficiency of a bi-thermal motor in a
stationary state has the upper bound
T  T2
C  1
.
T1  T2
T1 and T2 being the hot and cold temperatures, respectively. This value is always larger than
the Yvon-Novikov, or Curzon-Ahlborn value.
Shortly after the publication of this result, Esposito et al. showed that the Carnot efficiency at
maximum power of a cyclic, bi-thermal motor also admits  C as an upper bound 12. On a
long time interval, the probability distribution of a state of such a system is stationary, and one
recovers the previous result for this special class of stationary motors. Equivalently, a statistical
ensemble of cyclic motors obeys a stationary states distribution, with the same conclusion.
Parallely, recent studies of solvable microscopic cycles 14-16 showed that their Carnot
efficiency at maximum power can be quite different and larger than the CA value. Thus the
CA bound at maximum power does not apply in all situations.
CYCLIC MOTORS, STATIONARY MOTORS
Carnot efficiency, as well as most efficiencies mentioned previously, concern thermodynamic
cycles: this is convenient in engineering since most industrial motors work in this way. In
biology, however, many cycles can be identified, but they exist at the molecular level. At a
mesoscopic scale, the processes often appear to be quasi-stationary and the usual
thermodynamic efficiencies may be inappropriate. The observed, mesoscopic stationary state
can be interpreted as the average state of an ensemble of cyclic systems.
In the next section, we consider the definition of sustainable efficiency for a stochastic, stationary
system, making explicit use of the power dissipation due to irreversibility. This definition can
be applied with an arbitrary number of sources, without giving a special status to one of them,
and it can be convenient for the concerns of sustainable development. For these reasons, it
may be more appropriate than Carnot efficiency in biomechanics and in modern nano-technologies.
The new definition is obtained from the formalism of stochastic thermodynamics.

STOCHASTIC THERMODYNAMICS, SUSTAINABLE EFFICIENCY AND
CARNOT EFFICIENCY AT MAXIMUM POWER
STOCHASTIC DYNAMICS AND ENTROPY PRODUCTION
We consider the stochastic dynamics of a discrete system s undergoing a discrete time
process. The elementary time step t is taken as time unit. The dynamics is defined by the
stochastic matrix R  Rxy, where Rxy  p(x, t + t | y, t) is the transition probability from y to
x in time t.
For each elementary transition y  x, we have 17
Rxy
tot
 exp(δsxy
) , Rxy Ry x  0,
Ry x
where stotxy is the total entropy variation of s and other systems, a relation equivalent with
the time reversal asymmetry relation of Gallavotti and Cohen 18, 19. During an elementary
transition y  x, the system s can receive heat dqxy from at most one of the reservoirs at
temperature Txy = 1/bxy and work dwxy.
The energy variation of system s is
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d xy e  dqxy  dwxy ,
where e = e(x) is energy of system s in state x, and the mesoscopic entropy variation of s is
dxys, so that
Rxy
tot
 exp(δsxy
)  exp(δ xy s   xyδqxy ) .
Ry x
ENTROPY PRODUCTION AND POWER DISSIPATION
The probability current Jxy for transition y  x is defined by
J xy  Rxy p 0 ( y)  Ry x p 0 (x) .
with p0(x) being the stationary (non equilibrium) distribution. The stationary entropy
production per unit time can be written
1
1
DS   J xy (δs tot )xy   Dxy ,
2 x, y
2 x, y
with

Dxy  J xy ln
The power received by s is
1
1
P   J xy δwxy 
2 x, y
2

Rxy p 0 ( y)
Ry x p 0 ( x)

 0.

 Txy Dxy  Txy J xyδxy (s   ) ,
x, y ,

 xy  0

where  = ln p0(x) is the information entropy (or stochastic potential) of distribution p0(x).
The power dissipated by the irreversible processes can be defined as
1
DW 
 Txy Dxy  0. ,
2 x, y ,
 xy  0

It vanishes if and only if Jxy = 0 for all x, y, i.e. at equilibrium.
SUSTAINABLE EFFICIENCY
The power released by the system can be written
1
1
 P   DW   Txy J xy δxy (s   )   Txy J xy δxy (s   )  A. ,
2 x, y
2 x, y
Here Dw > 0 is the power loss due to irreversibility. It is the energetic equivalent of the
entropy creation, or order loss, per unit time. A can be interpreted as the resources
consumption per unit time. It is the power that would be produced in the absence of
dissipation. If system s exchanges other quantities than energy with the reservoirs (such as
particles numbers N, …), A becomes
1
A   J xy Txy δxy (s   )   xy xy N  ... .
2 x, y





Whatever the interpretation of A, it is logical to define a new efficiency S by comparing the
power produced to its value in absence of dissipation
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P
D
1 W .
A
A
We can tentatively call S “sustainable efficiency“ because, by the interpretation of A, it
measures the relative importance of the entropy losses in all the processes, so it is directly
related to the concerns of sustainable development.

S  

SUSTAINABLE EFFICIENCY AT MAXIMUM POWER
From the definition of S it can be shown 13 that
D
1
S  1  W  .
A
2
In fact, near equilibriuim A is roughly a linear function of the currents Jxy (if the stochastic
potential is kept fixed), whereas the power dissipation DW can be approximated by a
quadratic function of the currents near detailed balance conditions. Thus, if the currents are
varied, the maximum power P = A DW is obtained when DW = A/2, so that, near
reversibility conditions, the power dissipated is equal to the power produced.
It can be shown by more sophisticated arguments that the approximate value S  1/2, valid
near equilibrium, is an upper bound of S out of equilibrium. Thus, we obtain the surprising
conclusion that at maximum power production, the power dissipated is at least equal to the
power produced!
CARNOT EFFICIENCY FAR FROM EQUILIBRIUM
In spite of its disadvantages in certain cases, Carnot efficiency is easily measurable and it is
widely used in engineering. In practice, it remains a universal tool for motors operating
between two heat sources, even though sustainable efficiency can be preferable from a
theoretical point of view. Clearly, C and S cannot be exactly related, since they do not
involve the same quantities. However, one can write, with the previous notations
T
D
 C  1  2  T2 S ,
T1
Q1
which explicitly relates C with the entropy dissipation DS . From the definition of S it results that

D
T 
D0  D1  D2
T2 S  1  2 T2 
,
T
D

T
D
Q1 
T1 
1 1
2 2
 T2 D0  (T2  T1)D1
1  s
Di being the entropy dissipation with source i where i = 0 is the mechanical system, i = 1 the
hot source, and i = 2 the cold source).
UPPER BOUND FOR CARNOT EFFICIENCY AT MAXIMUM POWER
In the previous formula, D0 is the entropy dissipation during exchanges with mechanical
system. It is expected that this dissipation vanishes if the motor is conveniently operated (in
particular, if it is correctly lubricated), so that these exchanges are reversible. Then, using the
fact that S  1/2 , we have

D
T 1
D1  D2
T2 S  1  2  
,
(T2  T1)D1
Q1 
T1  2
T1D1  T2 D2 
2
It can be shown that the left hand side reaches its minimum value when D2/D1  0, so that
eventually
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C 

T1  T2
 C .
T1  T2

As mentioned previously  C is a new upper bound for Carnot efficiency at maximum power,
obviously smaller than the classical Carnot upper bound. It has been shown 12 that this
upper bound also applies for cyclic thermal motors.
It can be noticed that, by chance,  C coincides with the upper bound of the naive “ecologic“
efficiency E defined in the introduction.
THE NEW UPPER BOUND AND THE CA BOUND
The upper bound  C can only be attained in the limits D0  0 (which can be approached
experimentally, using a convenient lubrication, since it concerns mechanical exchanges),
D2/D1  0 (which is not so realistic, because thermal exchanges are not so easily controlled)
and  C  1/2 (implying that the system is close to detailed balance conditions). These conditions
show how an actual motor should be designed in order to increase the upper bound  C . On the
other hand it is easily seen that
T
T T
N  1  2  C  1 2 ,
T1
T1  T2
the equality holding if and only if T2 = T1.

Thus, the new upper bound allows larger values for the Carnot efficiency at maximum power
than the CA upper bound CA. This remark is supported by the experimental measures, but it
cannot be asserted that the observed power stations actually operate in the conditions of
maximum power production, although they should presumably be close to these conditions.

CONCLUSION
We introduced a new definition for efficiency for systems at stationary state. This sustainable
efficiency S gives a “fair“ estimation of the losses due to irreversibility and should be well
adapted for the concerns of sustainable development. We proved that at maximum power
production, the sustainable efficiency is lower than or equal to 1/2, so that the power
produced cannot exceed the power dissipated. Although the sustainable efficiency is not
easily measured, knowing its expression can hopefully allow one limiting the irreversible
losses when designing a motor. As a practical result, the previous, universal upper bound of
S implies a new upper bound for Carnot efficiency at maximum power, intermediary
between the Carnot upper bound and the Yvon-Novikov, or Curzon-Ahlborn bound. The
derivation makes clear the theoretical conditions for approaching the new upper bound.
The notion of sustainable efficiency can be applied for any number of sources, and can be
extended to other situations, for instance to chemical motors. Then it should be compared
with other classical results, obtained for instance by Sieniutycz, (see 8-10 and references
therein, and 11). This is why sustainable efficiency should be especially useful in biophysics.
More generally, it can be used in any field where entropy, or a similar quantity, can be
defined, provided that another quantity similar to work, measures the “benefit” obtained from
the system. Although this situation only applies in special cases, it can lead to interesting new
perspectives, hopefully completing the pioneering work that Amelkin, Martinas and Tsirlin
devoted to thermodynamics and microeconomics in 2002.
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SAŽETAK
The Carnot efficiency of usual thermal motors compares the work produced by the motor to the heat received
from the hot source, neglecting the perturbation of the cold source: thus, even if it may be appropriate for
industrial purposes, it is not pertinent in the scope of sustainable development and environment care. In the
framework of stochastic dynamics we propose a different definition of efficiency, which takes into account the
entropy production in all the irreversible processes considered and allows for a fair estimation of the global costs
of energy production from heat sources: thus, we may call it “sustainable efficiency“. It can be defined for any
number of sources and any kind of reservoir, and it may be extended to other fields than conventional
thermodynamics, such as biology and, hopefully, economics.
Both sustainable efficiency and Carnot efficiency reach their maximum value when the processes are reversible,
but then, power production vanishes. In practise, it is important to consider these efficiencies out of equilibrium,
in the conditions of maximum power production. It can be proved that in these conditions, the sustainable
efficiency has a universal upper bound, and that the power loss due to irreversibility is at less equal to the power
delivered to the mechanical, external system.
However, it may be difficult to deduce the sustainable efficiency from experimental observations, whereas
Carnot’s efficiency is easily measurable and most generally used for practical purposes. It can be shown that the
upper bound of sustainable efficiency implies a new higher bound of Carnot efficiency at maximum power,
which is higher than the so-called Curzon-Ahlborn bound of efficiency at maximum power.
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ABSTRACT
Thermodynamics – contrary to its name – is not a dynamic theory. However, some relatively new
developments, like finite time, endo-reversible or ordinary thermodynamics introduce time into
thermostatics. In this framework the Second Law becomes a set of conditions ensuring the asymptotic
stability of equilibrium. In this manuscript some examples are shown, how this basic conceptual
change can lead to a profound understanding.
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What is thermodynamics and what is it for?

TIME IN THERMODYNAMICS
Equilibrium thermodynamics is sometimes called thermostatics [1,2] eliminating the
contradiction in the name: a theory dealing with equilibrium states cannot be a dynamical one.
According to the classical approach the basic concepts of equilibrium thermodynamics
(entropy, temperature) are introduced and interpreted for equilibrium states only. Therefore
dynamical problems in a thermodynamic theory can be treated only in one of the continuum
frameworks. There we have well defined dynamical laws: partial differential equations of the
different balances together with the corresponding constitutive functions. However, there is
no time, there is no equation of motion in thermodynamics of discrete, homogeneous systems,
which is therefore also called as equilibrium thermodynamics.
There are several reasons why one cannot simply restrict the continuum descriptions to a
homogeneous one and get the analogous theory (e.g. by a spatial homogenization). The most
important one is the lack of real processes in equilibrium thermodynamics, and the lack of
clear operational distinction between the so called quasistatic and irreversible processes. To
keep the universality, the First Law and the Second Law classically refer to starting and final
states of thermodynamic systems. However, since only equilibrium is considered meaningful,
the theory is a continuous struggle to avoid real dynamics. Our everyday experience shows
that the description of the temperature change of a room, the cooling of a cup of coffee etc.
do not always require the machinery of partial differential equations of continuum
thermodynamics, because the bodies in the processes can be considered as homogeneous.
This level of description exists and if necessary is somehow considered (e.g. Newton“s law of
cooling). However, without the proper theoretical frame one does not know the conditions of
validity, do not understand the role of the most important thermodynamic concepts (how the
entropy changes in dry friction?), and most importantly, one cannot develop proper models
for complex situations, when e.g. for several interacting thermodynamic bodies.
The birth of “finite time” and “endoreversible” thermodynamics can be connected to the
conceptual vacuum created by the above mentioned situation. In the reality we have only
finite time to get the work or the power from a machine but some ideal „equilibrium
thermodynamic process“ need infinite time. What is the maximal power, that we can get, if
we do not have enough time to operate with an „equilibrium machine“ [3,4,5]? This is a
question related to the evolution of the system. The situation is similar with the
endoreversible hypotheses: a part of the system is considered as an „equilibrium“ one, and
the irreversibilities are usually supposed to occur between the „equilibrium part“ and the
environment. This is a conceptualization of the meaning of “equilibrium” and “quasistatic” in
the more conventional descriptions.
Therefore looking for processes in “finite time” it is worth to reconsider where the infinite
times can occur in „equilibrium thermodynamics“. We can find at least three different ways:
 one may suppose that there are no „internal inhomogeneities“ in the body and no
additional, „internal variables“ are necessary for the description of processes [6,7]. That is,
the thermodynamic body is homogeneous and the equilibrium variables and equilibrium
state functions (equations) properly characterize the system. This property is analogous to
the hypotheses of „local equilibrium“ in continuum theories. The local equilibrium can be
a good approximation, if the inhomogeneities and the internal variables vanish fast,
compared to the characteristic times of the „equilibrium processes“.
 if a homogeneous thermodynamic body (without internal variables) is open to a single
environment characterized by constant intensive variables, then the state of our body tends
to equilibrium and this equilibration process frequently needs infinite time. A typical
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example is a body thermally connected to an environment with constant temperature and
obeying Newton“s law of cooling.
 infinite times appear also in idealized processes with constant intensive quantities. As an
example let us see an isothermal process in our previous system, but now assume that
there are more interactions between the body and the environment beyond the thermal one.
Performing a little change in the non-thermal intensive parameters we wait for the
temperature equilibration. Then step by step the temperature changes, a process is initiated
and governed by this kind of „external control“. This is the fiction of an
“equilibrium“ process as considered in some textbooks. Because of the infinitesimal steps
one may naively expect that an ideal isothermal process requires infinite time. Is this what
we see e.g. in a nuclear power plant? However, the power plants are designed by a theory
operating with these concepts…
The first infinity can be excluded by the endoreversible hypothesis (the irreversibilities are at
the interactions, they are not inside the body). The second one is not eliminated in this way,
but from a practical point of view it is not a problem, but it is crucial for the right
interpretation of the Second Law. In the following we will eliminate the third kind of infinity,
give a dynamical understanding to the second one and weakening the endoreversible
hypothesis we will show an example to deal with some „real“ irreversible processes, too.
The concept of an “equilibrium process“ – connected to the third type of infinities – deserves
a closer look. Let us imagine the same in classical mechanics: a point mass is moving and is
in an equilibrium at every instant. If our point mass represents an arrow, then we are at the
contradictory concept of the motion of Zeno of Elea, we have formulated the arrow paradox.
However, similar conceptual contradictions in mechanics were eliminated long time ago by
the introduction of the velocity. Following the mechanical analogy we can easily realize, that
an isothermal process between an environment and a homogeneous thermodynamic body
requires a fast heat exchange. The faster is the heat exchange compared to the other processes
in the system the more isotherm is the process. Anyway, we may recognize that the lacking
concept of real dynamics reveals the original paradoxical statements of Zeno about the
impossibility of – in our case – thermodynamic processes.
Let us stop her for a minute and look back to the previous sentences. In the previous
reasoning several times we were speaking about thermodynamic quantities as time dependent
functions. Therefore, we could not avoid to step out of equilibrium.

OPTIMIZATION REQUIRES A DYNAMIC THEORY
According to the endoreversible hypotheses, the thermodynamic quantities are time
dependent, but we are in an „equilibrium theory“, because only quasistatic processes are
admitted, the equilibrium variables and state functions are properly characterize the time
development of the system. Let us put aside the usual question about the existence of entropy
and temperature. (In continuum theories it is not a problem at all.) Let us focus on a practical
optimization question e.g. how could we get e.g. maximum power from a Carnot machine in
finite time. What we need is an optimal solution. In their famous paper Curzon and Alhborn
[3] (and before that Novikov [4]) suppose that during an isothermal process the temperature
of a thermodynamic body is not equal to the temperature of the environment. Their
calculation gives the value of that temperature to achieve a maximum power output in a
Carnot engine. However, how can we fix a constant temperature for our machine? In an
equilibrium process when the temperature of the body and the environment is equal the
method is clear (but not very practical): wait for the equilibration. But what should we do in
this clearly non-equilibrium situation? How can we accomplish an optimal process? The
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optimization theory gives clear answers, if and only if we know the dynamics of the system...
Therefore with this disguised step time is already introduced in thermostatics. One may think
that we are considering cycles only. However, why should we not start in another way, take
the next step and try to understand the consequences and conditions of a thermodynamic
description without cycles? If we want to optimize we need more, we have to introduce a real
dynamics. To make real dynamics, we need a differential equation. If we have a differential
equation and processes run according to its solutions, what is the meaning of the Second
Law? Only a dynamic theory can provide a solid background for the optimization problem.

ORDINARY THERMODYNAMICS – QUASISTATIC PROCESSES
The theoretical need of a reinterpretation of thermostatics as a part of non-equilibrium
thermodynamics is expressed clearly in [8]. The key of the reformulation is the understanding
of the role of the Second Law as a stability requirement [9,10] and entropy as a Liapunov
function of the equilibrium. Putting everything together one can solve the conceptual
difficulties and get a firm mathematical framework [11,12].
The non-equilibrium approach to thermodynamics interprets the usual differentials as time
derivatives and distinguishes static constitutive functions - the traditional equations of state,
like the equation of state of an ideal gas – from the dynamic constitutive functions
characterizing the interaction of a thermodynamic body with the environment – like the
Fourier heat exchange law. The two kinds of equation of states are treated in a common
framework. For example the First Law of thermodynamics is written as:
d
(1)
E  Q W ,
dt
Here E is the energy of a thermodynamic body, Q is the heat exchange between the body
and the environment and W is the mechanical work per unit time. (1) is a differential equation
if the dynamic constitutive functions W and Q are given. A possibility is to introduce
Newton’s cooling law
(2)
Q  (T  T0 ) ,
and the classical form of work W = pdV/dt, where T and p are the pressure and the
temperature of a thermodynamic body in an environment characterized by the temperature
and pressure T0 and p0. V denotes the volume of the body and  is the nonnegative heat
exchange coefficient. Then we can get a solvable set of differential equations for the energy
and volume changes if we are able to specify a second differential equation for the volume.

Figure 1. Sketch of relations accompanying expressions (1-3).
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One can determine it in different ways, the simplest possibility may be assuming that the
volume rate is proportional to the pressure difference with a positive coefficient .
d
(3)
V   ( p  p0 ) .
dt
In this way we can connect the mechanical and thermal interactions, and (1) and (3) is a
solvable system of differential equations. We show a solution in case of van der Waals gas
equation of state, where:
T E

8T
3
3
 2,
, p
V
3V  1 V

(4)

Here the critical variables are applied, that is the thermodynamic quantities are given in
critical point units. The exchange coefficients are  = 1,  = 1, and the environmental
temperature and pressure are T0 = 0,9 and p0 = 0,5. A solution with different initial conditions
is shown on figure 1. We may observe, that the integral curves first start to converge to a
definite curve and then toward the equilibrium along that curve, as it is apparent at the right
hand side of the figure. This behaviour indicates two different characteristic times of the
equilibration. The dynamical law specified by the differential equations (1) and (2)
corresponds to quasistatic processes, because if we change the environmental pressure and
temperature in a way that corresponds to the actual temperature and pressure of the
thermodynamic body, the process stops. This is a precise interpretation of this expected
property of classical thermodynamics in our dynamic framework.

ORDINARY THERMODYNAMICS – BEYOND LOCAL EQUILIBRIUM
From a mechanical point of view the behaviour of the previous thermodynamic system seems
to be unsatisfactory. In case of adiabatic conditions, when the exchange heat is zero (  = 0 in
(2)), the above differential equations never give oscillatory behaviour. Therefore we may
introduce a different dynamic law and instead of (3) we may assume, that
d2
(5)
V   ( p  p0 ) ,
dt 2
Applying the endoreversible hypothesis we can give a simple interpretation to . It can be
connected to the exchange properties, therefore to the (reciprocal) mass of the cylinder. In
more general situations  can characterise also internal inertial effects.
A consequence of the theoretical assumptions is that now the state space of the
thermodynamic body is larger. The time derivative of the volume U = V is a variable, in
addition to the energy E and volume V. Hence it is possible to introduce damping effects.
Therefore we assume, that the equation of state is given in a modified form as
T E

3
8T
3
 2  U ,
, p
3V  1 V
V

(6)

Here  is the coefficient of damping that corresponds to the (bulk) viscosity in case of a
continuum theory. Assuming the value  = 100, the solution of (1) and (4) together with the
equation of state (5) is shown on fig 2. We assumed that the gas starts form mechanical
equilibrium, therefore the additional initial condition is U(0) = 0, but the other parameters and
initial conditions are the same as they were in the previous calculations. A more detailed
introduction of the above system, together with an analysis of the Second Law and stability
properties is given elsewhere [12, 13].
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CONCLUSIONS
“Finite time“ and “endoreversible thermodynamics“ introduces the time into thermostatics.
Some conceptual problems require a differential equation governing the processes and a
differential equation requires the reinterpretation of the role of some well known equilibrium
concepts and theorems. A dynamic approach to equilibrium thermodynamics opens
possibilities in modelling and optimization of processes and devices in engineering. This kind
of development has been started already, independently of the above mentioned theoretical
investigations [14] and goes far beyond the conventional exergy analyses.
Ordinary thermodynamics – the non-equilibrium interpretation of thermodynamics of discrete
systems – gives a clear concept of the Second Law as conditions related to asymptotic
stability of equilibrium. This approach gives a conceptual change also in case of continuum
systems. The Gibbs-Duhem inequality, the inequality of the entropy production will be a
source of constitutive functions, that ensure the tendency to a homogeneous equilibrium state.
This attitude can lead to original approaches in some important and less understood continua
like the stability properties of the Schrödinger-Langevin equations treated from the point of
view of Madelung fluids [15] or a simple resolution to the famous generic instabilities in first
order relativistic fluid theories [16].
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SAŽETAK
Termodinamika – suprotno svome imenu – nije dinamička teorija. Međutim, neki relativno novi pristupi, poput
termodinamike konačnih procesa, endoreverzibilne ili ordinarne termodinamike, uvode vrijeme u termostatiku.
U ovom pristupu drugi stavak termodinamike postaje skup uvjeta koji osiguravaju asimptotsku stabilnost
ravnoteže. U radu su razmotreni primjeri koji pokazuju kako ova temeljna konceptualna promjena može dovesti
do dubljeg razumijevanja.
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ABSTRACT
We point out that the fundamental irreversibility of Nature requires the introduction of a suitable
measure for the distance from equilibrium. We show that entropy, which is widely held to be such a
measure, suffers from the problem that it does not have a physical meaning, since it is introduced on
the basis of mathematical arguments. As a consequence, the basic physics beyond irreversibility has
remained obscure. We present here a simple but transparent physical approach for solving the
problem of irreversibility. This approach shows that extropy, the fundamental thermodynamic
variable introduced by Katalin Martinás, is the suitable measure for the distance from equilibrium,
since it corresponds to the actual driver of irreversible processes. Since extropy explicitly contains in
its definition all the general thermodynamic forces that drive irreversible processes, extropy is the
suitable physical measure of irreversibility.
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INTRODUCTION
Thermodynamics has two fundamental laws, corresponding to the invention of two physical
quantities having a central importance in physics: energy and entropy. The first law
introduces energy and expresses the law of energy conservation. The Second Law is about
the irreversibility of Nature. Although the first concept, energy, can be said to be understood,
the second one, entropy, not so. Thermodynamic irreversibility is still somewhat obscure. The
main problem with it is that we do not know the physical reason beyond this irreversibility.

ENTROPY IS INTRODUCED MATHEMATICALLY
The measure usually applied for irreversibility is entropy. Somehow entropy came through
mathematics as ∫dQ/T (dQ the amount of heat transferred in a cyclic reversible process and T
is the temperature). But the physical content of entropy remained obscure. Indeed, if it would
be physically plausible, entropy would not came “out of the blue”. Yet, the invention of
entropy was unexpected, and, despite centuries of discussions, its physical meaning is still
unclear. It is not yet clear why we cannot understand it as we do most other concepts of
physics. What we know is that in cyclic processes there are conserving quantities, and the
integral of dQ/T for a quasistatic cyclic process is zero.
dQ
(1)
 T  0,
It is the mathematically simplest solution of this equation (1) that led to entropy. But actually
this is only a specific solution of equation (1), since it has many other solutions as well.
Katalin Martinás was the one who first noticed the importance of exploring which one of
these solutions can be really useful for our practical purposes 1-6. She considered the
general solution of eq. (1). Apparently, most scientists seems to think that thermodynamic
irreversibility can be measured only by entropy. But this is not true, and Martinás succeded to
find another useful quantity which is extropy (references given above).
We think that the physical nature of entropy will remain forever unclear, yet we do not have
to worry about it if we recognize that entropy is a mathematically introduced quantity 7.
Therefore, we have to replace the mathematical context by a physical one. If we want a
measure of irreversibility with a physical meaning, we must introduce it not on a
mathematical, but on a physical basis.

A PHYSICAL APPROACH FOR THE PROBLEM OF IRREVERSIBILITY
My proposal here is to find the most general measure of equilibrium which has a definite
physical content. To solve this fundamental problem, we must go back to square one, to the
problem of irreversibility. Nature is fundamentally irreversible. Everything is in the process
of changing, since everything is in non-equilibrium, and it is the driver beyond it that moves
systems towards equilibrium. Irreversible process has a dynamic nature. Irreversibility starts
from non-equilibrium states. If a system is not in equilibrium, it has a distance from
equilibrium, and this distance changes. Although changes of Nature can be regarded
frequently as chaotic, especially in thermodynamics, the case with irreversibility is not so.
The changes of the distance from equilibrium do not show chaotic or random behaviour.
Instead, remarkably, they manifest a definite and consequent unidirectionality. Certainly, a
mathematical background cannot clarify the basic physics beyond irreversibility. But there
must be a physical reason for this unidirecionality.
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What can be the physical mechanism beyond unidirectionality of spontaneous changes of a
thermodynamic system in an environment in thermodynamic equilibrium? My proposal is
that we can obtain a measure of irreversibility that is capable to have a real physical meaning
if we realize that the physical driving mechanism beyond irreversibility is given by Nature in
the form of generalized thermodynamic forces, which correspond to the differences in the
intensive thermodynamic variables that are independent from the size of the system 8.
Actually, all physical processes are elicited by some kind of forces. In classical mechanics,
forces attack in one point. Mechanical forces are vector quantities, they have a direction, and
the direction of the force attacks the body in a point. A direction of a vector corresponds to
one dimension, the dimension of a line. In thermodynamics, we have general thermodynamic
forces in the form of differences of the intensive variables. Thermodynamic forces do not
attack their target at one point, they are not one dimensional. Instead, thermodynamic forces
represent more general forces, they are two or three dimensional, they attack in the form of
surface or volume forces. All differences of intensive variables are related to such generalized
thermodynamic forces. We have many different types of intensive variables. So, we can
construct a much needed physical variable for measuring the rate of irreversibility from these
general thermodynamic forces, because these are related to differences, and these differences
themselves are the drivers of irreversible processes.
This means that if we become able to collect all the kind of forces, all the kinds of differences
of thermodynamic intensive variables between the system and its environment, and construct
from them with the help of extensives such a kind of terms which we can sum up in a
simplest way 9, then this physical variable could be in itself a scalar quantity defining a
measure of thermodynamic distance which is suitable to measure irreversibility.
Moreover, if we want to include into our considerations such processes as the mixing of a
glass of water by a spoon, we can extend the domain of extropy from thermodynamics into
mechanics. Similarly, if we want to include chemical, electromagnetic, gravitational or
nuclear processes, extropy as a measure of distance from equilibrium still can serve well.
This means that extropy can be regarded as a universal measure of the distance from
equilibrium.
In a general form, extropy can be given as:
h

p
1

1
p
h
(2)
  U     V  0    N  0    mg 0    ... ,
 T0 T 
 T0 T 
 T0 T 
 T0 T 
Here the zero index refers to the equilibrium state (to the environment regarded as being in
equilibrium), the absence of index of a parameter refers to the actual state of the system, 
stands for extropy, U for the internal energy, T for the temperature of the system, V for the
volume, p for the pressure, N for the particle number,  for the chemical potential, m for the
mass, h for the height of the system. Extropy explicitly contains all the general
thermodynamic forces that are the actual drivers of thermodynamic processes. In biology,
such a measure can play a fundamental role 10.

THE PROPERTIES OF EXTROPY
Extropy has many useful properties. First of all, with its help we can understand the physical
meaning behind irreversibility. Moreover, it is possible to formulate the Second Law of
thermodynamics with the help of this parameter. It is very suitable, because it is a scalar
quantity. It measures the distance from thermodynamic equilibrium, and so it is not like
geometrical distance, just because of irreversibility. Geometrical distance is symmetric
between two points, but this thermodynamic distance is not, since the initial and final states
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of this thermodynamic distance play a different role in its formula. Actually, it can be
expressed as a product of the differences of intensives and their corresponding extensives.
When we sum up all the different kinds of these products, we obtain extropy. In the
expression of extropy, all these products can be summed up because all these terms have the
same dimension, and measuring unit, erg/degree. What we find is an unexpectedly simple,
elegant and general thermodynamic variable, of which the physical meaning is unexpectedly
simple, and which is able to interpret irreversibility, that is so fundamental, that the Second
Law of thermodynamics expresses it. Therefore, this will be a very helpful and very useful
quantity, which will have a fundamental significance for thermodynamics. For many practical
reasons, it will be even more useful than entropy. Realizing the power of the physical insight
beyond extropy, its use will make thermodynamics easier to understand and apply.
It is applicable also in cases when entropy is silent. In all cases when there are couplings
between different degrees of freedom and related energy transfer, extropy is the suitable
measure of irreversibility. But not only such cases are important. For example, let us have
apples in two different boxes. All what we know is that in the first box the entropy is higher
than in the second box. In that case, we cannot decide, without knowing more about the
apples, which box contains better apples for us. It can be the case that there are more apples
in the first box, which have the same quality than the apples of the second box. But another
case is also possible. The same amount of apples is in both boxes, but the apples of the first
box are rotten, and so, they have higher entropy. On the basis of entropy, we cannot
distinguish which is better, but we can distinguish it on the basis of extropy, because the
distance from equilibrium is higher in the latter case.

A NEW CLASSIFICATION OF THERMODYNAMIC SYSTEMS
With the help of this new thermodynamic variable, we can classify thermodynamic systems
in a new way. One of them is the class of equilibrating systems, which can be called as endtropic, since they are “attracted” towards their end states, the equilibrium. There are
heliotropic plants “attracted” towards the Sun. Similarly, equilibrating systems are “attracted”
(actually, they are driven) towards the equilibrium. And the other class of systems, i.e. nonequilibrating systems, they are not equilibrating because they interact with other systems.
Due to this interaction, their distance from equilibrium can increase or decrease, or remain
the same, depending on the details of their interactions. Therefore their behaviour cannot be
predicted without knowing the important details of their concrete interactions. Without
specifying their interactions, we cannot predict whether their distance from equilibrium,
extropy, will increase or decrease. Therefore the entropic and the interacting systems are the
two fundamental classes of thermodynamic systems instead of the usual classification
dividing them into open, closed, and isolated systems.

COMPARISON OF EXTROPY WITH ITS PREDECESSORS
We can compare this new variable with some important predecessors. Let us take first the
Brillouin negentropy. It is a famous thermodynamic variable, which may seem as similar to
extropy, because it is also a difference, the difference of the entropy of the system in its
actual state and in its equilibrium state, in which it is in equilibrium with its environment. But,
besides this similarity, there is a fundamental difference in comparison to extropy. Actually,
the Brillouin negentropy is defined only to the properties of the system, and so it does not
depend on the properties of the environment 11. This means that the same system in a
different environment will have a different Brillouin negentropy. But, of course, the extropy
of a system in a different environment will be different. Extropy measures the distance of the
system from its actual environment (for the sake of simplicity, it is regarded as being in
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equilibrium), therefore, in a different environment this distance will be different. This means
that this new variable is even more suitable in describing the actual behaviour of a
thermodynamic system than the famous Brillouin negentropy, since the actuual
thermodynamic behaviour of a system depends sensitively on the properties of the
environment, first of all, from the distance from this equilibrium.
We can compare it also with some other important predecessors, like the also famous
Schrödinger negentropy. Schrödinger in his well-known book “What is Life?” argues that
living systems are not feed upon directly by the chemical energy of the food. Instead, “What
an organism feeds upon is negative entropy” 12. This is a hotly debated statement, but we
think that, although it can be criticised since in some respects it does not grasp the physical
driving mechanism beyond life, yet it contains an important physical meaning, which can be
expressed in a more precise form with the help of extropy. If we do that, it tells that the factor
by which living systems are fed is extropy. The difference between Scrödinger’s negentropy
SN and extropy is that Schrödinger’s negentropy SN involves only entropy-related changes, SN
= –Ssystem. Therefore, SN does not involve important changes, like changes in the rotational
energy (for example, when somebody mixes the water in the glass by a spoon; hurricanes has
tremendous amount of rotational energy), in the kinetic energy (when we pull the glass of
water on the table), in the chemical, electromagnetic, gravitational, nuclear energy etc. All
these can be accounted for by extropy, since all the relevant intensive-differences and their
corresponding extensives are involved into it.
For an isolated system, one which does not interact with its environment, the entropy content
of the environment does not change during the equilibration of the isolated system; therefore
the entropy of the environment can be regarded as constant. In this case, changes in the the
extropy and entropy content of the system are equal. This means that in this simple case
Schrödinger’s negentropy works well. Yet we can also see that extropy has a significant
advantage over Schrödinger's negative entropy because it is equally well-suited for nonisolated systems. A further advantage of extropy over Schrödinger's negative entropy is that
extropy, in contrast to Schrödinger's negative entropy, can be calculated directly by eq. (2).
We think that the original idea that Schrödinger had in mind corresponds actually to an exact
quantity that we introduced here as extropy.
Extropy sums up all the intensive-differences multiplied by their corresponding extensives. In
the calculation of entropy, since it is defined relatively to the absolute zero degree, the
determination of its value should involve quantum physical processes. Extropy avoids this
difficulty, so it is much easier to calculate it. It is very practical, since this is what counts in
actual reality. The difference of the system in comparison to its actual environment is what is
distinguished by Nature in determining thermodynamic processes. No system governs its
behaviour in comparison to the absolute zero degree state, instead of governing it in their
actual relations with their actual environments. It would be a completely unphysical
phenomenon. The distance from the actual equilibrium is more fundamental than the distance
from the absolute zero degree state. It is this distance from the actual equilibrium that counts
in physical reality, since it is in direct and physically real connection with the working ability
of the system in its actual environment. It is the physical context of the actual environment
that sheds full light to the fundamental priority of extropy over entropy, at least in physical
aspects which are related to the actual behaviour or working ability of the system.

THE PHYSICAL MEANING OF EXTROPY AND ITS SIGNIFICANCE
In this way, we can realize the fundamental importance of extropy in thermodynamics. It is
extropy that is the driving mechanism beyond irreversibility. In actual reality, physical
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processes are governed not by mathematically invented abstract quantities, by statistical
weight and mathematical probabilities, like entropy 7, but by the general thermodynamic
and non-thermodynamic forces. Although entropy can be more convenient than extropy in
many realistic contexts, like in case of isolated systems, and also because it is deeply rooted
already in our mindset, the future belongs to extropy. Regarding this perspective, we note that
there is an unexpected shift in the nature of our physical concepts, when extropy comes into
the central stage. In physics, it is usual to consider that all processes are determined by the
properties of the systems. In case of extropy, in contrast to the case of entropy, this not so.
Extropy has a fundamentally different nature, because it depends on the differences between
the system and its actual environment. This is equivalent with the fact that the arising
physical behaviour will be not only determined by the properties of the system itself, but also
by its actual, physical environment. In this way, the difference will become fundamental,
instead of the properties of the physical objects themselves. The fundamental concept of
object is replaced with another fundamental concept: difference. The until now most
fundamental and simple concept of physics, physical object, has one leg. In contrast, the here
considered fundamental quantity, extropy, already has not one leg, like a physical object, but
two legs; the object and its actual environment. Difference has two legs, like in the case of an
electric discharge, or in quantum nonlocality. Extropy perceives both legs, it is the distance
from between the two legs what counts. This is a very unique property of extropy. Now if
extropy is fundamental, as we argued here, than this indicates that Nature can act not only
directly on physical objects, but in between physical objects. If so, it will present a conceptual
shift in the framework of physics. The more so, because, as we indicate here, it can be
important not only in thermodynamics, but in other fields of physics as well in biology. The
difference can show up before us in its full significance. The fact that differences can be more
fundamental than physical properties of the objects themselves will have a profound effect on
the conceptual framework of physics. In the quest of mankind exploring the secrets of Nature,
extropy can be regarded as an important step ahead.
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1

SAŽETAK
U radu se ističe da fundamentalna ireverzibilnost Prirode traži uvođenje prikladne mjere udaljenosti od
ravnoteže. Pokazujem da entropija, koju se uobičajeno smatra takvom mjerom, ima nedostatak da nema
fizikalnog značenja jer je uvedena na temelju matematičkih argumenata. Kao posljedica, osnovna ireverzibilna
fizika je opskurna. Ovdje razmatramo jednsotavan ali transparentan fizikalni pristup za rješavanje problema
ireverzibilnosti. Taj pristup pokazuje da je ekstropija, fundamentalna termodinamička varijabla koju je uvela
Katalin Martinás, prikladna mjera udaljenosti od ravnoteže jer odgovara starnom pokretaču ireverzibilnih
procesa. Budući da ekstropija izravno sadrži u svojoj definiciji sve opće termodinamičke sile koje pokreću
ireverzibilne procese, ekstropija je prikladna mjera ireverzibilnosti.
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ekstropija, ireverzibilnost, entropija, ravnoteža, neravnotežno stanje, termodinamika
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ABSTRACT
An economic system is considered. The system consists of an active subsystem (a firm). There exists
exchange between the firm and two economic reservoirs (markets) which are in environment of the
system. Two cases are investigated; they are stationary and nonstationary regimes of the system
functioning. The parameters of the market are constant in the stationary regime. Parameters of the
market in the nonstationary regime are random; their distributions are known. Expressions for
maximal profit and maximal profitability at given profit are obtained. Additional problem is
considered for nonstationary regime. It is minimization of risks problem. Optimality conditions for
this problem are obtained.
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Model of an open microeconomic system taking into account its objective function

INTRODUCTION
In neoclassical microeconomics it is assumed that the only objective function of a firm as an
economic system is its profit [1]. But really there are a lot of other objective functions of the
firm. They account regime of the firm activity, its financial conditions, etc. One of the
common objective functions is profitability. It is determined as a ratio of profit and
production costs. It characterizes economic efficiency of the production process. Profitability,
like a profit, depends on intensities of fluxes in the economic system. That is why it can be
used in stationary regime only. If parameters of the economic system and its environment are
not constants (they can be determined or random functions of time), then there is a risk of
decrement of either profit or profitability. This risk should be accounted during the
investigation of regimes of the firm activity too. So, in the nonstationary case amount of
objective functions increases: one should calculate parameters of distributions of both profit
and profitability, and parameters of the risk. Another increment of the number of the
objective functions appears if the economic system includes several firms. Each firm can
account objective functions of competitors to plan its competitive activity.
It is possible to find the optimal solution of the problem of optimization of the firm regime in
a class of Pareto sets. The point of the set can be chosen arbitrary according to weight of each
objective function.

MODEL DESCRIPTION
Let us consider a firm as an open economic system [2]. The firm exchangers a resource (a
good) and a base resource (money) with its environment. The environment is two economic
reservoirs (markets) with constant values of the resource v1, v2 (v2 > v1). The firm has got
economic power, so it can control prices of the good p1, p2 while trading with the markets.
Intensity gi of trading depends on a function of the price pi and the value vi. Let that function be
linear and let us introduce specifically
g1  1( p1  v1) ,

g 2   2 ( p 2  v2 ) ,

(1)

where g1 is a suply function, and g2 a demand function.
Money fluxes are oppositely direct to fluxes of the good. Their intensities are equal to p1g1 and
p2g2. We assume that production function of the firm is g2 = g1. In this case we can consider
input production factor and yield product as the same good. Then p1g1 are production costs of
the firm and p2g2 are receipts.
Equations of material and financial balances can be written as follows:
g1  g

2

 g ,  1( p1  v1)   2 ( p2  v2 ) ,

  p2 g 2  p1 g1 ,    1( p2  p1)( p1  v1) .

(2)
(3)

Here  is the firm’s profit.

STATIONARY REGIME
Stationary regime corresponds to constant parameters of the system and its environment.
Particularly, v1 and v2 are constants. Let as consider two problems. In the first problem the
profit is the only objective function of the firm. The second problem is to find maximal
profitability subject to the given profit.
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CONDITIONS OF MAXIMUM OF THE FIRM’S PROFIT
Let us consider a problem of prices determination to maximize the profit of the firm:

 ( p1 , p2 )  max .
p1 , p2

(4)

Restriction (2) should be accounted for in solving the problem (4). This restriction means that
there is no warehouse in the system. In our assumption of linear demand and supply functions
it is convenient to express one of the prices through another and reduce the problem to
unconditional optimization problem:
p 2  v2 

1

(v1  p1 )   ( p1)  1 1v1   2 p2  (1   2 ) p1 ( p1  v1 )  max. (5)
2
2
p1

Let us denote

 

2
 v   2 v2
, p0  1 1
.
1   2
1(1   2 )

(6)

Value p0 is a price corresponding to a case when the economic reservoirs with the same
demand and supply functions exchange the good in the absence of the firm. The same price
corresponds the profitless regime of the firm activity if p1 = p2 = p0. Generally p1 < p0 < p2 [2].
Using notation (6) we can rewrite problem (5):

 

1



( p0  p1 )( p1  v1 )  max,
p1

(7)

and the necessary condition of optimality d/dp1 = 0 leads to the following solution:
v  p0
v  p0

p1*  1
, p2*  2
,


2
2

1 2 (v2  v1 )2
1 ( p0  v1 )2
 * 

.

4
4

1   2


(8)

This result is known [3]. Profitability corresponding to the maximal profit is determined by
the following expressions

* 

*
p1* g( p1* )



p2*  p1* (v2  v1 ) 1   2 p0  v1
v2  v1
.


*
 2 (v2  v1 )
2
p0  v1
p0  v1
p1
 2v1
1   2

(9)

It is a monotonously increasing function of v1 and difference v2 −v1, such that:
lim
* 
(v2 -v1 )  

1   2
 1.
2

(10)

DEPENDENCE OF THE PROFITABILITY ON THE PROFIT
Let us consider the dependency of the maximal value of profitability on the given value of
profit 0  0, *. To find this dependency we should solve the problem
0 



( p1 , p2 )  max  ( p1 , p2 )   ,  .
p1 , p2 
 g1( p1 )  g 2 ( p2 )
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Here the number of controls equals to number of restrictions. It means that the degree of
freedom for problem (11) equals zero: we can obtain a countable set of solution suspicious to
be optimal using a set of restrictions only. Really, financial balance of the firm can be written
taking into account equation (2):
( p0  p1)( p1  v1)   0  0 .

(12)

Using this equation we can express p1(0):
p1( 0 )  p1* 

p12  ( p0 v1   0 ) .

(13)

Here p1* is the solution (8). Minus sign in equation (13) corresponds to inequality p1 < p1*.
This solution, out of two solutions of the quadratic equation, leads to the profitability
maximum. Thus we got two possible solutions, with one of them being the optimal one. Let
us express 0 from (12) and substitute it into the expression of profitability  = 0/(p1g)to
obtain

 

( p0  p1)( p1  v1) 1   2

1 p1( p1  v1)
2

 p0


 1 .
 p1


(14)

Finally, substitution of (13) into (14) brings about the required dependency

( 0 ) 

1   2
2



 p1* 



 1 .

 ( p0 v1   0 )

p0

p1* 2

(15)

Taking into account equations (8), the(15) is rewritten as

( 0 ) 

1   2
2



 p1* 


 1 .

 ( *   0 )
p0

It is evident that if 0 = * the dependency (0) coincides with (9), while for 0 = 0 (i.e. p1 =
v1) one has

(0) 

1   2
2

 p0


 1  ( * ) .
 v1


(16)

The obtained dependency (0) is a monotonously decreasing function of 0 if 0  0, *.
This dependency in form (15) determines Pareto set of solutions for the following problem:

( p1 , p2 )  max,

p1 , p2

 ( p1 , p2 )  max .
p1 , p2

subjected to (2).
NONSTATIONARY REGIME
Let us consider a nonstationary regime. It occurs when some parameters of the system are not
constant. We choose value v1 to be either determined or random function of time with
distribution given by time-independent density f(v1). Note that mathematical estimation v1
and variation 12 are known because f(v1) is given.
Three problems are formulated in the nonstationary regime:
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 to determine the maximal value of the averaged (the mathematical expectation of) profit of
the firm,  ,
 to determine the maximal value of the averaged (the mathematical expectation of)
profitability,  , as a function of the averaged profit,
 to determine the minimal value of a risk decreasing of the profit below the given value
(e.g. zero level) at each moment of time: P( (t)  0)  min.
Controls in all three problems are prices of the good. Prices should be constant value, not
functions of time. These problems are common for real economic activity of the firm,
because forecast of the markets parameters cannot be exact especially in the case when
markets are distributed. In a case of distributed markets the last problem corresponds to a
problem of determination of the minimal part of territory where profit is less than a given
(planned) value.
CONDITIONS OF THE MAXIMUM OF THE AVERAGED PROFIT
Since conditions (2) and (3) should be fulfilled for any value of v1, then the expression
1

(17)
 p (v )  p1 ( p1  v1)
 0 1
is dependency of the profit of the firm on parameters v1 and p1. Here v1 is an independent
parameter, and p1 is a control. So, the problem on maximization of the averaged profit can be
written as

 (v1, p1) 

 ( p1 ) 

1



 p

2
1



 p1( p0 (v1 )  v1 )  p0 (v1 )v1  max .
p1

(18)

In (18) the bar means averaging over set V of possible values of v1. For example,

 ( p1)    (v1 , p1) f (v1)dv1  max. .

(19)

p1

V

The necessary condition of optimality d  / dp1 = 0 leads to equation
p1* 

1
( p0 (v1 )  v1 ).
2

Note that p0(v1) is a linear dependence. That is why solution of the problem (18) is
p (v )  v2
p (v )  v1
 p2*  0 1
.
p1*  0 1
2
2
But in this case





2

1 p0 (v1)  v1
.
 
4

Indeed, if we write expression for the averaged profit and rearrange it:
2


p0 (v1)  v1
1   p0 (v1)  v1 
*



p
(
v
)

v

p
(
v
)
v
 
0 1
1
0 1 1 ,




2
2




*
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(20)

2


1  p0 (v1)  v1 

 p0 (v1)v1  .




 
2




(21)



(22)
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Then we obtain the following expression for the averaged profit:
2

1  p0 (v1)  v1
1
*
  

 12  .
4

1   2 







(23)

2

Here 12 = v 2  v1 is a variation of the value v1. The variation is nonnegative always. That
1

is why the inequality (21) is true.
DEPENDENCY OF THE AVERAGED PROFITABILITY ON THE AVERAGED PROFIT
The problem on maximization of the averaged profitability subject to the given averaged
profit has zero degree of freedom as in the stationary case. Equations (2) and (3) can be used
to obtain dependency  ( 0 ) (here  0 is the given averaged profit of the firm) accounting
characteristics of averaging operation. Solution of the equation
p12  p1( p0 (v1)  v1)  ( p0 (v1)v1   0  )  0,
allows us to obtain the dependency of p1( 0 ) :
p1( 0 )  p1* 

p1*2  ( p0v1   0 ),

(24)

where p1* is determined by (20). Value of p1 is determined by value of the averaged profit;
the profitability (v1 ,  0 ) ,

(v1 ,  0 ) 

( p0 (v1 )  p1( 0 ))( p1( 0 )  v1)
 (v1 , p1( 0 ))


1 p1( 0 )( p1( 0 )  v1)
p1( 0 )g( p1( 0 ))


1   2  p0 (v1)
 1,
0

 2  p1( ) 
linearly depends on v1. That is why the averaged profitability equals


( 0 ) 

1   2
2

 p0 (v1)
 1   2


 p ( 0 )  1  
2
 1




 *
 p1 

(25)


 1. (26)

 ( p0 (v1)v1   0 )

p0 (v1)

p1*2

Taking into account equation (22) this dependency can be rewritten in the form analogues to
the stationary case:

p0 (v1)
   2 
(27)
( 0 )  1
 1.

 2  p*   ( *   0 )
 1

The following resume is appropriate here:
 the averaged profitability of the firm corresponding to the maximal averaged profit is
determined by the expression (9) in both stationary and nonstationary cases; but the
maximal averaged profit in nonstationary case is less than the maximal stationary profit,
 if the averaged profit of the firm tends to zero then the more the variation is the less the
averaged profitability is.
These two statements can be represented as follows:
min (v1 , 1)  min(v1), max (v1 , 1)  max(v1).
THE CONDITION OF THE MINIMAL RISKS
The next problem is to minimize the risk of negative profit:
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P( (v1 , p1)  0)  min ,

(28)

p1

where P(X) is probability of a random event X. Here, random event is parameterized by value v1.
Since density of distribution f(v1) is given, we can find the probability P((v1, p1) < 0) as follows
(29)
P( (v1 , p1)  0)  1   f (v1)dv1 , ,
V

where V+(p1) is set of values v1 corresponding to the condition (v1, p1)  0. To determine this
set we will use the equation of the financial balance of the firm:
(30)
  ( p0 (v1)  p1)( p1  v1). ,
 
That dependency is a parabola. That is why the set V+ is a segment with boundaries v1 , v2
corresponding to zero profit:
  2



(31)
v1  1
p1  2 v2  v1  p1 .
1
1
Necessary condition of optimality for the problem (28) leads to the following inequality


1   2  1   2

(32)
f 
p1  2 v2 δp1  0 ,
 f ( p1) 
1
1 
 1

where p1 is a possible sweep of the price p1. Solution of this inequality depends on a law of
distribution of v1.

MODEL OF COMPETITIVE MARKET
Another possibility to revise the objective function of the firm is a problem on optimal
regime of the firm at a competitive market.
Competition means a possibility to change conditions of operation for other firms trading with
the same market. Monopoly where there is no other firm and the perfect competition where
there is no possibility to influence on other firms activity are not real competitive markets.
Competition has a science between these extreme types of markets. Let us consider a market
in midrange namely duopoly. Even in this case the firm can be indifferent to a competitor.
Such an indifferent firm can be described by the mentioned objective functions: profit and
profitability. To account the special features of the competitive markets we should introduce
a new objective function including characteristics of the competitor.
Let us consider a market buying the good as nonhomogeneous economic agent. It is divided
into two parts xI and xII . This distribution is a result of competition: sellers of the part xI buy
the good made by the firm I and sellers of the part xII buy the good produced by the firm II. A
new balance equation for the market described this distribution:
xI   ( p2, II xII  p2, I xI ) .
(33)
In the stationary case p2,IIxII = p2,IxI. It corresponds to the following parts of the market
trading with the firms:
p2, II
p2, I
, xII 
.
(34)
xI 
p2, I  p2, II
p2, I  p2, II
The demand function depends also on xI and xII:
g 2ν   2ν xν (v2  p2ν ),   I, II.
The objective function of the firm should account both results of the firm (e.g. I) and its
competitor (II):
(35)
f I   I ( p2, I p2, II )  k II( p2, I p2, II )  min ,
p 2,1 , p 2, II
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The necessary condition of optimality in additional assumptions i, = const., production
costs c = const. (i  {1, 2},   {I, II}) leads to the following if optimality leads to the
following expression for p2,I:


p (v  cI )  k( p2, II  cII )(v2  p2, II )  cI v2
(36)
.
p2, I  p2, II  1  2, II 2

1
p2,2 II


Various values of k < 0 correspond to various types of competition: the larger the |k|, the
more active influence the firm should provide to the competitor.
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MODEL OTVORENOG MIKROEKONOMSKOG SUSTAVA
KOJI UZIMA U OBZIR NJEGOVU FUNKCIJU CILJA
S.A. Amelkin
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Institut Programiranih Sustava Ruske Akademije Znanosti
Pereslav-Zaleskij, Rusija

1

SAŽETAK
Razmatran je ekonomski sustav. Sustav se sastoji od aktivnog podsustava, tvrtke. Postoji izmjena razmjena
između tvrtke i dva ekonomska rezervoara, tržišta, koji su u okolini sustava. Dva su slučaja istražena;
stacionarni, odnosno nestacionarni režim funkcioniranja sustava. Parametri tržišta su konstantni u stacionarnom
režimu. Parametri tržišta su nasumični u nestacionarnom režimu, ali je njihova raspodjela poznata. Izvedeni su
izrazi za maksimalnu dobit i maksimalnu isplativost pri danoj dobiti. Dodatno je za nestacionarni režim
razmatran problem minimiziranja rizika. Dobiveni su uvjeti optimalnosti navedenog problema.

KLJUČNE RIJEČI
mikroekonomski sustav, tržište, stacionarni i nestacionarni režim, dobit
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ABSTRACT
The principle of greatest happiness was the basis of ethics in Plato’s and Aristotle’s work, it served as
the basis of utility principle in economics, and the happiness research has become a hot topic in social
sciences in Western countries in particular in economics recently. Nevertheless there is a considerable
scientific pessimism over whether it is even possible to affect sustainable increases in happiness.
In this paper we outline an economic theory of decision based on the greatest happiness principle
(GHP). Modern equilibrium economics is a simple system simplification of the GHP, the complex
approach outlines a non-equilibrium economic theory. The comparison of the approaches reveals the
fact that the part of the results – laws of modern economics – follow from the simplifications and they
are against the economic nature. The most important consequence is that within the free market
economy one cannot be sure that the path found by it leads to a beneficial economic system.
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Greatest happiness principle in a complex system approach

INTRODUCTION
Our civilization is a complex system of individuals interacting with each other and interacting
with the environment. Societal dynamics is via human actions, which are governed by
decisions. The action of individuals is always a choice among the possibilities recognized as
allowed by the circumstances. The choice is a decision. The understanding and modelling of
human decisions is the key issue for economics. The basic criteria for decisions is simple, the
best is selected, as that can be the definition of best. There is no reason to select the second
best one. It is not a normative statement. Others may think that the decision was wrong.
Further, it is valid only in the moment of decision. Later the agent may regret it. So the best is
subjective, depends on the past experiences and as well as on the future expectations of the
agent. Nevertheless for a theory of decisions we need to exploit the properties of the best.
In a simple system approach “the best” has a well-defined form in the rational decision theory.
The best is which maximizes the utility. Nevertheless there are theoretical and empirical
studies, which show that the present utility theory does not describe the decisions. There are
two approaches to overcome these difficulties. The first approach, which includes happiness
economics – generalizes the utility concept, they include further variables in the utility. The
other possibility is to generalize the decision rule. Instead of utility maximization principle, it
looks for a more reliable mathematical model.
In this paper we follow the second line. The theory of human decisions will be discussed with
emphasize on the difference of simple system and complex system approaches. In the first
part outline the history of the greatest happiness principle. In the second part we summarize
the way in which the greatest happiness principle was reduced to utility maximization in the
simple system (equilibrium) approach.
In the third part the basic flaw of the standard theory is discussed. The greatest happiness
principle implies the utility maximization principle only in a hedonistic approach. To apply
this principle further we need the assumption of a human being not interested in the past, not
interested in the future, but only the instantaneous consumption matters. The consequence of
this simplification is the Homo Economicus, the basic model of human beings in economic
theory. The myopic, greedy and perfectly rational one.
A complex system approach was outlined 1 and discussed in the book “On the Reappraisal
of Microeconomics” 2. The economic activity here is modelled as transformation and
transport of commodities (materials) owned by the agents. Rate of transformations
(production intensity), and the rate of transport are given by decisions. The decision rule is in
the form of force law, where the expected gain drives the processes, but the expected gain is
not maximized. The result is a complex, dynamic macroeconomics.
Finally, in the fourth part some cornerstones of neoclassical economics will be challenged.
The driving force approach leads the maximization in the hypothetic equilibrium case. So,
neoclassical economics is a timeless (equilibrium) limiting case in the complex approach.
Already “lots of theoretical and empirical works have called into question the core tenants of
the neo-classical doctrine – that markets are stable, are driven by rational actors responding
solely to price signals.” 3. Our results also confirm that the markets are stable only; if it is
assumed that there exists a stable equilibrium. Without that hypothesis, the simplest models
of an economic system manifest a chaotic behaviour.
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THE GREATEST HAPPINESS PRINCIPLE
The first objection against GHP is that it is not right, as sometimes we are unhappy; we are
not in the state of greatest happiness, and there are so many unhappy people around us. Yes,
the pursuit of happiness is a governing law of human actions; it is the governing principle of
the actions, and not the result of them. Maybe the principle is better formulated in the form
that our decisions satisfy the pursuit of happiness principle.
The greatest happiness as a social goal – as opposed to being a personal matter – opens the
way to authoritarian policies is a usual counter argument. Aldous Huxley’s Brave New World
has come to serve as the symbol for universal happiness. He described a society, which
ensures the happiness of the citizens, in the most rational way. It forms the citizens to be
happy, to wish that what is given by the society.
It is easy to summarize why they do not like BNW, no freedom, no independence. Happiness
can be achieved in two different ways, you are satisfied with the actual situation because of
the lack of freedom is such, that there is no way to see the lack of freedom. The only
possibility is to obey. In the same time a Hungarian poet, Attila József wrote in his poem
“Consciousness”
“Once I saw happiness, contentment:
four hundred pounds of rotund pink fat.
Over the harsh grass of the farmyard
its curly smile swayed and tottered.”
(translator:John Bátki)
In case of freedom the state must not and cannot give happiness to the citizens, it can only
ensure the possibilities for the individuals to find the actions which give them satisfaction and
happiness. Nevertheless the preferences are subjective, so there is no way to satisfy them in
an authoritarian way.
In economics the concept of happiness appeared in the technical term, “utility”. Modern
economics did lose the happiness problems, as it was assumed that the role of economy to
ensure the maximum utility. In the second part of the last century the happiness appeared as
the Easterlin’s Paradox. Esterlin showed that individuals self-reported happiness do not
increase with the GDP. Nowadays the happiness economics is one of the most rapidly
increasing branches of economics. See for instance the work of Richard Layard, Happiness:
Lessons from a New Science 4, or the work of Veenhoven, Measures of Gross National
Happiness 5, Luigino Bruni and Pier Luigi Porta published the Handbook on the economics
of happiness. A critical overview is in the paper of Helen Johns and Paul Ormerod 6.
In our time there is a significant movement to replace the traditional, consumption based
utility, with a broader concept. Happiness economics is a very active part of modern
economic researches. It uses the basic concepts of neoclassical economics. The income-based
measures of well-being are complemented with further measures of well-being.
Carol Graham gave the following definition: “Happiness economics relies on more expansive
notions of utility and welfare, including interdependent utility functions, procedural utility, and the
interaction between rational and non-rational influences in determining economic behaviour.” 7.
The study of the nature of happiness involves the questions: What is happiness? How can we
measure it? Which is the scientific discipline responsible for study of happiness? Philosophy,
psychology, sociology, politics, ethics or economics? To underline the principle a short
summary of the history and emergence of the concept of happiness is presented together with
the results of present empirical surveys.
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One of the first analysis of the problem of happiness is in the Histoires, where via Croesus
and Solon discussion Herodotus insisted on that we can judge the happiness only for the
whole life 8. Here is his description of the happy life:
“Croesus: ‘Stranger of Athens, we have heard much of thy wisdom and of thy travels
through many lands, from love of knowledge and a wish to see the world. I am
curious therefore to inquire of thee, whom, of all the men that thou hast seen,
thou deemest the most happy?’
Solon:
‘Tellus of Athens, sire.’ ”
First, because his country was flourishing in his days, he himself had sons both beautiful and
good, he lived to see children born to each of them, and these children all grew up; after a life
spent in what our people look upon as comfort, his end was surpassingly glorious. In a battle
between the Athenians and their neighbours near Eleusis, he came to the assistance of his
countrymen, routed the foe, and died upon the field most gallantly. The Athenians gave him a
public funeral on the spot where he fell, and paid him the highest honours.
Herotodotos stated that we can speak only about a happy life only after the end. In the real
life case we can speak only about the pursuit of happiness.
Aristotle in the Nicomachian Ethics (350 BC) investigated the question of happiness 9. He
said that happiness is desirable in itself and never for the sake of something else. But honor,
pleasure, reason, and every virtue we choose indeed for themselves, but we choose them also
for the sake of happiness, judging that by means of them we shall be happy. Happiness, on
the other hand, no one chooses for the sake of these, nor, in general, for anything other than
itself. Happiness, then, is something final and self-sufficient.
Already Aristotle stated that happiness is the good towards which every human action is
directed 10: “… all knowledge and every pursuit aims at some good, what it is that we say
political science aims at and what is the highest of all goods achievable by action. Verbally
there is very general agreement; for both the general run of men and people of superior
refinement say that it is happiness, and identify living well and doing well with being happy.”
In the Aristotelian-Platonic tradition happiness is the good, meaningful life, contentment,
satisfaction. The happiness has a special time dependence, which distinguishes it from the
concepts of natural sciences; it concerns the whole life span. Happiness means living a good
life, or flourishing – as the word eudaimonia in Aristotelian formulation, rather than simply
an emotion.
“Eudaimonia is not an emotional state; it is more about being all that you can, fulfilling your
potential. The idea is that by living in a way that reaches your full potential you bloom or
flourish and so display the best version of you that you can be.” 11. Aristotle’s philosophy
is loudly echoed in the movement of Positive Psychology 12.
Modern economics was formed on the Epicurean tradition. Epicurus (341-270 BC) was born
in Samos. For Epicurus, the purpose of philosophy was to attain the happy, tranquil life.
“Let no one be slow to seek wisdom when he is young nor weary in the search of it when he
has grown old. For no age is too early or too late for the health of the soul. And to say that the
season for studying philosophy has not yet come, or that it is past and gone, is like saying that
the season for happiness is not yet or that it is now no more. Therefore, both old and young
alike ought to seek wisdom, the former in order that, as age comes over him, he may be
young in good things because of the grace of what has been, and the latter in order that, while
he is young, he may at the same time be old, because he has no fear of the things which are to
come. So we must exercise ourselves in the things which bring happiness, since, if that be
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present, we have everything, and, if that be absent, all our actions are directed towards
attaining it.” (Epicurus, Letter to Menoeceus, 13).
His basic theory is that all good and bad things come from sensations. All pleasure is good,
and all pain is bad. Therefore, in order to achieve happiness, we should try to maximize the
amount of pleasure we experience.
Happiness is present in the historical roots of modern economics. Nevertheless they
transformed it to two simplified formulations. Mainstream economic theory assumes people
are insatiably acquisitive, and that the greatest social good comes from the greatest utility
(from the greatest consumption). Mainstream economic theory views people as highly
individualistic, and the expression of this individualism in the market as the most certain and
efficient way to achieving the greatest good for the greatest number.
Bentham’s added to hedonism the ethical doctrine that human conduct should be directed to
maximize the happiness of the greatest number of people. Bentham’s elements are simple
pleasures and pains. Every human act is, and should be, based on a calculation of probable
pleasant and painful outcomes. Bentham defined his principle in the following fashion:
“Nature has placed mankind under the government of two sovereign masters, pain and
pleasure ... they govern us in all we do, in all we say, in all we think: every effort we can
make to throw off our subjection, will serve but to demonstrate and confirm it.”
“By the principle of utility is meant that principle which approves or disapproves of every
action whatsoever, according to the tendency which it appears to have to augment or diminish
the happiness of the party whose interest is in question... not only of every action of a private
individual, but of every measure of government” (Principles of Morals and Legislation, p. 17).
Utility is that property in any object, whereby it tends to produce benefit, advantage, pleasure,
good, or happiness ... or ... to prevent the happening of mischief, pain, evil, or unhappiness”. 14.
Bentham made the theory of morals and legislation scientific in the Newtonian sense. As
Newton’s revolutionary physics hinged on the universal principle of attraction (i.e., gravity),
Bentham's theory of morals swung on the principle of utility. Further, with the approach that
pleasure and pain could be measured in some objective sense, and then every legislative act
could be judged on welfare considerations.
The greatest happiness of most people has obtained a constitutional value already in the US
declaration of independence of 1776 in the form: “We hold these truths to be self-evident,
that all men are created equal, that they are endowed by their Creator with certain unalienable
Rights, that among these are Life, Liberty and the pursuit of Happiness. That to secure these
rights, Governments are instituted among Men, deriving their just powers from the consent of
the governed.”
Jevons transformed the utility to an economic concept. He referred to Bentham’s calculus but
made it much simpler to enable the mathematical instrument to be introduced. Jevons
redirected the focus of analysis away from collective welfare considerations toward the level
of individual decisions. He did not give up moral matters, but he opened the way for the
modern utility, which is already free of ethics 15. Jevons introduced the distinction between
total utility, and he established the equimarginal principle, as the rule for choices between
commodities. Vilfredo Pareto did the final step in the economic theory to get rid off
subjectivity and happiness. He focused on “revealed preferences” rather than “happiness.” To
Pareto, economists should focus on consumer preferences and choices. Pareto’s theories
eventually were adopted by other economists, primarily because it allowed economics to
become an objective science not dealing with such intangible concepts as human happiness.
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The utility maximization lead to the rational decisions, where rationality implies that the
driving force of actions is the utility maximization, that is the desire to obtain more money,
more wealth, more material possessions.
The result is the governing rule for human actions in the scientific models of the society,
which is not the GHP, but the greed. Greed is not the same as self-interest, which means a
concern for one’s own advantage and well-being. Greed means an insatiable desire for wealth,
a selfish and excessive desire for more of something (as money) than is needed.
In modern economic theory greed (not the self-interest!) is a code word for purposeful
behaviour. Historically it is a new phenomenon. Greedy individuals were considered to be
harmful to society, as their motives often appear to disregard the welfare of others. In Dante’s
Inferno, the greedy are condemned to an eternity of performing useless labour. Other authors
suggested that one would be slowly boiled in oil for all time 16. Further, greed was the
synonym of avarice. So they were considered as hopeless people, who are not able to enjoy
the richness of the life, they love only the money. Greed is listed as one of the Christian seven
deadly sins, nevertheless desire to increase one’s material wealth in a greedy way has become
acceptable in Western culture. The desire to acquire wealth has been understood as
indispensable for economic prosperity. Nowadays many economic rationalists agree that
greed is the only consistent human motivation. As Walter E. Williams stated in his paper,
titled “The virtue of greed”: “Free markets, private property rights, voluntary exchange and
greed produce preferable outcomes most times and under most conditions.” 17.
Max Weber summarized the effect of acceptance of greed on our present societies, as: “The
pursuit of riches is fully stripped of all pleasurable, and surely all hedonistic aspects.
Accordingly, this striving becomes understood completely as an end in itself – to such an
extent that it appears as fully outside the normal course of affairs and simply irrational, at
least when viewed from the perspective of the “happiness” or “utility” of the single individual.
Here, people are oriented to acquisition as the purpose of life: acquisition is no longer viewed
as a means to the end of satisfying the substantive needs of life. Those people in possession of
spontaneous (unbefangene) dispositions experience this situation as an absolutely meaningless
reversal of “natural” conditions (as we would say today). Yet, this reversal constitutes just as
surely a guiding principle of [modern] capitalism as incomprehension of this new situation
characterizes all who remain untouched by [modern] capitalism’s tentacles.” 18.

HAPPINESS IN ECONOMICS
Optimal choice is a basic principle of decisions and also for most systems of morality. We
follow Jeremy Bentham, who formulated the law following his predecessors: “[Joseph]
Priestley was the first (unless it was Beccaria) who taught my lips to pronounce this sacred
truth: That the greatest happiness of the greatest number is the foundation of morals and
legislation.”
The greatest happiness principle can serve as a basis of mathematical theory if there is a
measure for happiness. Modern results underline the assumption that everybody is able to
evaluate his/her own happiness. It means that everybody has a measure of it.
Layard argued that there is consistency in results from different methods used to measure
happiness, and so happiness is measurable: “Happiness is an objective dimension of all our
experience. … We can ask people how they feel. We can ask their friends or observers for an
independent assessment … Also, remarkably, we can now take measurements of the
electrical activity in the relevant parts of a person’s brain. All of these different
measurements give consistent answers about a person’s happiness. With them we can trace
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the ups and downs of a person’s experience and we can also compare the happiness of
different people ... happiness is a real objective phenomenon ... happiness is a single
dimension of all our waking experience, running from the utmost pain and misery at one
extreme to sublime joy and contentment at the other.” 19.
Nevertheless already Bentham believed that people’s experiences were unique and by that very
fact considered it unworkable to attempt to sum them. We do not need the direct measurement
of happiness; it is sufficient that the subjective measure exists. It is similar to the problem of
physics, where there is no direct measurement of entropy, the central concept of thermodynamics.
Based on these arguments we assume that everybody has a subjective measure for his/her
own happiness, H (Happiness). For the modelling, that is for mathematical theory one has to
define the factors or variables of this happiness measure. Simone Borghesi and Alessandro
Vercelli (2008) collected the main determinants of subjective happiness in the light of the
recent empirical evidence accumulated by economists, psychologists and sociologists 20.
They suggest the following function of self-reported happiness:
H = H(Y, YR, Y –Y*, G, R, E, I, U, He),
where Y is absolute income, Y* aspirations of income, YR relative income, R relational goods,
E environment, I education, U working conditions, He health and G psycho-genetic factors.
An increase in per capita income Y appears to increase significantly subjective happiness H
only for very low classes of income; the impact of absolute income on happiness tends to
diminish for higher income classes and to fade away after a relatively low threshold estimated
to be at around $ 10 000 to $ 15 000. Above the poverty level unhappiness increases if the
relative personal income of the individual diminishes relatively to the (average) per capita
income of a reference group and vice versa.
Economics primarily is concerned with the production and distribution of material goods. It is
investigating decisions concerning resource changes. The income is important as it ensures
the material goods, and also opens the way for different activities. The aim of all primary
economic activity is to ensure material goods for consumption directed toward the
satisfaction of human needs. Even in the modern service-oriented economy, material products
provide most services. The role of stocks (commodities, goods, capital, money) is to satisfy
both immediate and future consumption desires. There is a direct link between subjective
happiness and economics, as happiness depends on the resources of the individuals.
Assumption: Happiness depends on the stock of resources.
Naturally the stock of resources do not determine the happiness, the statement only tells that
we are not indifferent concerning the quantities of stocks. In economics, commodities play
almost as fundamental a role as firms and consumers, notwithstanding the importance of
services. ‘Commodity fetishism’, despite its loud denunciation by Karl Marx, is indispensable
to economics. The aim of all primary economic activity is to ensure material goods for
consumption directed toward the satisfaction of human needs. Even in the modern serviceoriented economy, material products provide most services. The role of stocks (commodities,
goods, capital, money) is to satisfy both immediate and future consumption desires. But not
only the material goods are resources, as for instance knowledge is also an important resource,
which affects the happiness. It is worthwhile to generalize the concept of stocks. A resource
is any physical or virtual entity with the following characteristics:
1) usefulness (with the change of the quantity the happiness may change)
2) quantity (they can be measured),
3) there is a balance equation for the change.
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Balance means here that the resource changes by production/consumption/trade/dissipation.
Let X be the symbol for the stock. The agent is defined by the capital letters A, B, .... XAi is
the quantity of resource i owned by the agent A,
XAi = XAi + SAi + DAi,
where JAB,i is the flow of the i-th resource between agents A and B, SAi is the source/sink
which describes the effect of production and consumption. Finally, DAi is dissipation.
In human actions decisions select J, and S, but generally we do not select dissipation, D, that
is why we separated it from the source/sink term. It decreases the quantity of the resource,
similarly to the consumption, but the consumption is via a decision, while dissipation is a
natural law. The law of nature (The Second Law of Thermodynamics) demands that D < 0, in
economic terms – there is no free lunch. The dissipation term resolves an apparent paradox.
The greatest happiness principle states that in our decisions we select actions, which increase
the happiness, but it does not mean that our happiness is always increasing. The dissipation
terms generally mean a decrease of the happiness, and there are cases, when the greatest
happiness choice means the least decrease, as for instance in the case of tax payment.
Ironically we can state that we have to fight always to increase our happiness to ensure that it
does not decrease.
The list, possibly incomplete, of resources affecting our happiness:
N – material goods
M – Money
T – Time
R – Relational goods
P – Physiological factors
K – Knowledge
From the list standard economics deals with the material goods and money. A short
description is about some of the resources.
TIME
Time is a special resource which can be formally incorporated in the resource description as
we have decisions how to use the time, which type of activity to select. Time use 21 on an
average workday in USA for employed persons ages 25 to 54 with children is shown in Table 1.
Table 1. Time use on an average workday in USA for employed persons ages 25 to 54 with children.
Activity
Hours

Working and work related activities
Sleeping
Leisure and sports
Other
Caring for others
Eating and drinking
Household activities
All activities

8,7
7,6
2,6
1,7
1,2
1,1
1,1
24,0

The working time is the period, when the agent has no right to make his decisions based on
his/her happiness, but he has to fulfil the contract. In the labour contract the agent sells his
time. The specialty of time, as a resource that there is no stock of time, but time can be traded.
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RELATIONAL GOODS
Relational goods capture the affective and communicative components of interpersonal
relations. These goods have characteristics quite different from those of ordinary goods as
they are end in themselves, cannot be produced or consumed by a single individual but only
simultaneously by at least two of them, while their value depends on the interaction between
individuals under conditions of reciprocity. Examples are love, friendship, and more generally
direct personal social relations, i.e. not mediated by economic or political exchanges.
Bruni is probably correct in asserting that an “economic theory more open to genuine
sociality could better understand not only the ‘Esterlin paradox’ but also those interactions
(that are growing more and more in postmodern market societies) characterized by the
presence of relational goods” 22; p.123.
PHYSIOLOGICAL FACTORS
These factors characterise the state of the body or bodily functions. To maintain them we
must consume. The physiological needs are requirements for human survival. Physiological
needs include breathing, food.
The quantity of goods effect the happiness, but they do not define it. Ljubormirsky
summarized the empirical results that for individuals, psychogenetic factors gives 50 % of the
happiness; 40 % is from the voluntary actions and 10 % all the others 23.
Nevertheless the resources solely do not define our decisions. Past experiences and expectations
on future have an important impact Antonio Damasio, formulated what is now known as the
“somatic marker hypothesis” which can be seen as a biological theory of choice 24. The
theory proposes that signalling the prospective consequences of options for action can assist
in selection of an advantageous response option. According to the theory, patients with
ventromedial prefrontal lesions do not make advantageous real-life decisions because they
have lost the ability to incorporate predictions regarding the emotional consequence of an
action into the decision process.
The expectations on future mean a serious problem, any investigation, or any measurement to
define them may change the expectations themselves. A situation similar to the quantummechanics, probably a new quantum economics is needed. The other solution is that the
expectations on future and the past experiences are handled as external parameters. The
foundation of modern mathematical economics simply ignores this problem. In economics
the production and trade and consumption of resources are investigated, so we can introduce
the reduced happiness, called wealth, which contains only the resources as variables– and the
expectations and activities are considered as external parameters.

THEORETICAL ECONOMICS
In modern microeconomics decisions of consumers and other entities are modelled with
preference relations, which incorporate the concept of happiness. The Webster on-line
dictionary gave the following definition for the preference 25: “Preference (also called
‘taste’ or ‘penchant’) is a concept, used in the social sciences, particularly economics. It assumes
a real or imagined ‘choice’ between alternatives and the possibility of rank ordering of these
alternatives, based on happiness, satisfaction, gratification, enjoyment, utility they provide.”
In microeconomics, preferences of consumers and other entities are modelled with preference
relations. The introduction of preference relations on one hand allowed the introduction of the
simple mathematics, the optimization formulation of the decision theory, on the other hand it
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lead to a mathematical economic theory, which is flawless mathematics, but is not about the
nature of economic reality.
The usual definition of preference relation we copy from Stefano Lucarelli 26: “Let S be the
set of all ‘packages’ of goods and services (or more generally "possible worlds"). Then  is a
preference relation on S if it is a binary relation on S such that a  b if and only if b is at least
as preferable as a. It is conventional to say ‘b is weakly preferred to a’, or just ‘b is preferred
to a’. If a  b but not b  a, then the consumer strictly prefers b to a, which is written a < b. If
a  b and b  a then the consumer is indifferent between a and b.”
The following assumptions are commonly made:
 the relation is transitive: a  b and b  c then a  c.
 the relation is complete: for all a and b in S we have a  b or b  a or both. This means the
consumer is able to form an opinion about the relative merit of any pair of bundles.
 the relation is continuous.
These assumptions are sufficient to ensure the existence of a utility function, and the decision
problem is translated to find the package of maximal utility.
The utility function for the actor A is not in the form
uA = uA(a),
but there are properties of actor A, which change, and with their changes the preference
ordering changes, and so the utility function also changes. The real utility function is in the
form
uA = uA(a, X).
It depends on the past experiences, on the future expectations, and it depends on the resources
owned by the actor. Traditionally, economic theory solved the problem with eliminating the
changes, with equilibrium hypothesis.
Neoclassical theory investigates, what behaviour can be expected in equilibrium? The
question of whether there exists equilibrium is never raised in a neoclassical project. In spite
of the fact, that already ... “When A.A. Cournot constructed the first model of (oligopolistic)
competition in 1838, he immediately noticed a lacuna in his explanation regarding the
emergence of an equilibrium. Rather cunningly, instead of discussing this difficulty, he
studied what happens when we begin from that equilibrium. Would the system have a
tendency to move away from it or was the equilibrium stable? The proof of its stability
secured his place in the pantheon of economic theory.”
In the textbooks the canonical hypotheses, as Robert Solow has characterized them are greed,
rationality, and equilibrium-became the maintained hypotheses in almost all branches of the
subject.
Christian Arnsperger and Yanis Varoufakis summarized the hidden meta-axioms, which are
behind this postulate 27:
1) Methodological individualism – individual agents who are to be studied are independent
of the social whole their actions help bring about. It is just the Newtonian independent
particle approach,
2) Methodological instrumentalism – all behaviour is preference-driven or, more precisely, it
is to be understood as a means for maximizing preference-satisfaction.
Preference is given, current, fully determining, and strictly separate from both belief
(which simply helps the agent predict uncertain future outcomes) and from the means
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employed. In the last time there was apparently a significant change. The endogenous
preferences and psychological game theory replaced the simple consumer rationality.
Nevertheless, homo economicus is still exclusively motivated by the greed.
3) Methodological equilibration – important limitation of neoclassical economics is the
equilibrium hypothesis.

COMPLEX SYSTEM APPROACH
In a complexity approach we will construct a theory without the meta-axioms. We will miss the
rationality (maximizing property) axiom, and the result will be that the other is will not be needed.
An important group of the factors is the group of resources. Economics primarily is
concerned with the production and distribution of material goods. It is investigating decisions
concerning resource changes.
For mathematical modelling of the happiness an important point is that it depends on the stock
or the flow of resources, that it we are interested only in the changes – in this case only the
flow is important. Or we need the resources, their services, in this approach the stock of resource
counts. For non-economists the answer is simple, the total quantity of the goods is important.
The economists are educated that only flow is important. It originates in the mathematical
model. In a perfect equilibrium state with constant unchanging stocks, all flows must balance
and a representation in terms of flows alone can be justified. This is, essentially, the
underlying assumption of neoclassical economic theory, and especially, general equilibrium
theory. However, in real accounting systems stock changes must be considered in order to
balance the accounts during any period. Moreover, a system of exchange with unchanging
stocks cannot grow or expand by any endogenous mechanism. This is one reason for the
difficulty of reconciling static general equilibrium theory with economic growth,
Z(X) = H(X, Y, A), Y and A are fixed.
Expectations and the past experiences define the form of function Z. For the economic
investigations, where only the production and trade of material resources is investigated – a more
reduced description is possible, where the list of resources contains only the material goods N,
and money M. In the following part we investigate only that economic part of the wealth.
The existence for the wealth function for individuals follows from the greatest happiness
principle. Nevertheless, Z exists for all type of economic actors, for firms, companies and
other economic actors, as it was proposed based on the irreversible nature of decisions 28.
Nevertheless this reduction has an important mathematical consequence. The optimal choice
for Z and H do not coincide. The action, which maximize Z do not necessarily maximize H,
as the change of future expectations in the former are not taken into account.
For the mathematical theory we have two possibilities. First, accept the maximization of Z as
a good approximation, in that we have to accept the meta-axioms. Assumption – equilibrium
– we get back to the equilibrium – and the rational decision. In that approach Z will have a
role similar to the utility function.
The other possibility is to accept the law of nature, that Z is not maximized, so we release the
rational decision principle for the modelling of economic decisions.
The wealth change caused by the change of the stock of resource expresses the increase of
happiness, which coincides with our definition of value. For normal goods the value is positive,
but it is a decreasing function of the stock of resource. If the supply of any class of resource is
so great that every demand is met, then the increase of the resource does not mean “better
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life”, so it must not lead to the increase of happiness, then value is zero, or negative if it causes
further problems. If, in any class of resource, the supply is not sufficient to meet the demand
for satisfaction then the increase of the stock increases the happiness, and value emerges.
Starting from the definition of value given by Menger: “To have value, a good must assure
the satisfaction of needs that would not be provided for if we did not have it at our command.
But whether it does so in a direct or in an indirect manner is quite irrelevant when the
existence of value in the general sense of the term is in question.” 29.
With this definition of wealth and value the money has also a subjective value, it is the
change of happiness due the increase of money stock. The appearance of the value of money
opens a new way for the optimization of economic processes 30-32.

NON-OPTIMIZING THEORY OF DECISIONS
Since Adam Smith’s formulation, it is accepted that the driving force for human actions is
self-interest. The expected wealth change arising from the actions is which drives us to act.
Traditionally economics accepted it in the form of maximal utility and the driving force
disappeared.
Alternative approach is that driving force for an action is the expected wealth gain, dZ. More
precisely, the driving force is the expected gain associated with a unit process. The force law
defines the actual decision, which is an empirical relation. The force law is subjective,
depends on the expectations on the future possibilities, so it has to be observed. The force law
together the balance equations give the differential equations of an economic system. This
system describes the quantitative changes in real time.
Each economic actor is characterized by the stock of resources Nai, and money Ma, where
index i is for the resource type and index a identifies the agent. Wealth function of the actors,
Za = Za(Na1, ..., Ma). The change of the resource is given by the balance equation. Now, we
investigate the case, when two agents (agent a and agent b) trade the good i for money.
The driving force for action is the value – price difference. For the sake of simplicity we
assume the force law in linear approximation, that is the traded quantity is proportional to the
value – price difference.
Let qab,i be for the quantity traded with the actor b, then
qab,i = Labi(vai –pi),
and for the agent b
qba,i = Lbi(vbi –pi).
It gives a relation for the prices. For exchange of normal economic goods and money there is
a natural conservation rule, which states
qab,i + qba,i = 0.
The price equation is
L v  Lbaivbi
pi = abi ai
.
Labi  Lbai
The traded quantity will be
Labi Lbai
qab,i 
(vai  vbi ) .
Labi  Lbai
After introducing the effective willingness to trade, L*,
Labi Lbai
L* 
,
Labi  Lbai
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the traded quantity becomes

qab,i  L*(vai  vbi ) .
It is now very similar to the physical transport equations, and it can be interpreted as the
driving force of exchange is the value difference. Apparently it seems to be the definition of
market forces. Nevertheless the real force is the self interest, the expected increase of the
wealth. The market force is only the consequence of the mathematical manipulations.
Force law can be applied for the production decisions too, the dissipation and the consumption
is an externally defined quantity, details and limitations are discussed elsewhere 2.
The linear force law here does not mean linear approach, as the values have a non-linear
dependence on the stocks. So this system is capable to simulate the complex response of an
economy for interventions.
The robust result is that the equilibrium hypothesis is non-tenable. There are several
equilibrium solutions, but the overwhelming part of them is unstable.

CONCLUSIONS
Based on the greatest happiness principle we outlined a non-equilibrium economic
framework, which contains as a special case of the neoclassical economic approach. Our
preliminary results underline the critics that the results of GE economics come from the
unnatural meta-axioms but not from the economic nature.
The fallacy of modern economics really can be understood. The macroeconomy, which tries
to describe with basically linear relations, the working of the economic system in the best
case is similar to the engineer who wants to understand the working of a computer based on
the Ohm’s law.
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PRINCIP NAJVEĆE SREĆE U PRISTUPU
KOMPLEKSNIH SUSTAVA
K. Martinás
Odsjek za atomsku fiziku – Sveučilište Eötvös Loránd
Budimpešta, Madžarska

SAŽETAK
Princip najveće sreće bio je temelj Platonove i Aristotelove etike, služio je kao temelj principa korisnosti u
ekonomiji. Istraživanja sreće postala su u novije vrijeme značajna tema društvenih znanosti na Zapadu, posebno
u ekonomiji. Ipak, znatan je znanstveni pesimizam oko toga je li uopće moguće utjecati na održivi rast sreće.
U ovom radu naznačuje se ekonomska teorija odlučivanja temeljena na principu najveće sreće. Moderna
ravnotežna ekonomija je pojednostavljenje, u okviru znanosti o sustavima, principa najveće sreće. Pristup
kompleksnih sustava naznačuje neravnotežnu ekonomsku teoriju.
Usporedba pristupa pokazuje kako dio rezultata – zakoni moderne ekonomije – slijedi iz pojednostavljenja te su
kao takvi protivni ekonomskoj prirodi. Najznačajnija posljedica je da se u pristupu slobodnog tržišta ne može
biti siguran da li neki bliski put vodi do pogodnog ekonomskog sustava.

KLJUČNE RIJEČI
princip najveće sreće, kompleksni sustavi, neravnotežna ekonomska teorija
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ABSTRACT
From philosophical point of view, micro-founded economic theories depart from the principle of the
pursuit of the greatest happiness. From mathematical point of view, micro-founded economic theories
depart from the utility maximisation program. Though economists are aware of the serious limitations
of the equilibrium analysis, they remain in that framework. We show that the maximisation principle,
which implies the equilibrium hypothesis, is responsible for this impasse. We formalise the pursuit of
the greatest happiness principle by the help of the driving force postulate: the volumes of activities
depend on the expected wealth increase. In that case we can get rid of the equilibrium hypothesis and
have new insights into economic theory. For example, in what extent standard economic results
depend on the equilibrium hypothesis?
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INTRODUCTION
The omnipotence of general equilibrium theory got serious leak during the recent financial
crisis. Most of the critics addressed to the general equilibrium theory draws attention to some
important limitations of the general equilibrium theory. Nevertheless, most of these critics
basically stay within the same equilibrium framework.
The starting point for this equilibrium framework was the mathematical formalisation of the
generally accepted aim of human behaviour: the pursuit of greatest happiness. Unfortunately,
this greatest happiness principle was formalised by the help of the maximisation postulate.
Solving for optimum has sense only if all the possible choices and constraints are known. In
other terms, finding optimal solutions from a given set of possibilities is equivalent with the
hypothesis of equilibrium. No doubt, economic systems are fairly complex systems: when
agents take decisions, they do not know all the possible contingencies. In other terms,
economic systems are far from being equilibrium systems. Therefore, the mathematical tool
of optimisation, which allowed for great advances in economic theory in the 19th and 20th
century, seems to constitute now the major obstacle for the further development of a useful
and coherent economic theory.
In this paper we show that the adoption of the 19th century’s Newtonian tool is not necessary
for the development of a general mathematical economic theory. The modern 20th century’s
tool of non-equilibrium thermodynamics allows us to avoid the unacceptable simplification of
equilibrium. Naturally, the existence of general equilibrium still can be obtained as a special case.
To do so, in the first point we remember two basic axioms used in economic theories. In the
second point, we consider the decisional problem of individuals in a way like standard
economics in order to make an anchor for comparison. In the third point, we develop the new
theoretical framework, which is not based on the maximisation principle, but on the idea of
driving force. Finally, we briefly discuss the two frameworks.

PHENOMENOLOGICAL BACKGROUND: TWO AXIOMS
A possible method for modelling the functioning of economic systems is micro-founded when
we start from the behaviour and interactions of individuals. This method, called methodological
individualism, requires that we attribute intentional actions only for individuals 1.
Intentional actions are preceded by decisions. Decisions can be taken in several ways. The
point is to make hypotheses on individual decisions, which are not corroborated by empirical
evidence, i.e. the observed actions are in parallel with the prediction of the behavioural
hypotheses on individuals. In this regard, M. Friedman’s “as if” critique is generally not
correctly interpreted 2. In fact, Friedman does not argue against the testing of hypotheses.
He argues against the burden of social sciences, when hypotheses are qualified contradictory
to empirical evidence just because modellers want model agents to behave reasonably, that is
to say conform to the modellers understanding. No one would qualify a behavioural
hypothesis on a molecule unacceptable, because the modeller would behave in a different
way if he were a molecule. With Friedman’s billiard player example: the empirical evidence
is that a good billiard player shoots with very few mistakes. But we cannot test how he does it.
A lot of scientists would however be inclined to drop the hypothesis that billiard players
solve trigonometric equations, because if they play, they do not solve equations. But the
modeller’s thoughts are not tests as in natural sciences.
The generally accepted rule for intentional decisions in economics is of no harm. It reaches
back to the founding proponents of utilitarianism, Jeremy Bentham (1748-1832) and John
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Stuart Mill (1806-1873) 3, 4: the governing law of human actions would be the “pursuit of
the greatest happiness”. The reason why this governing law is of great success may be
twofold. First, because the existence of happiness is of the same reality as the existence of a
stone: everybody can feel it, though it cannot be observed directly as the stone. Second,
because without further conceptualization the happiness is a vague notion, therefore the
postulate of the pursuit of the greatest happiness cannot be tested.
That is to say, micro-founded economic theories formulate (explicitly or implicitly) the
following axioms 5, 6:
1) Axiom: the ultimate reason for any human decision is the pursuit of the greatest happiness.
This axiom is supported by empirical evidence. In addition, the happiness hypothesis is
reasonable for the modeller. The pursuit of happiness was identified with the maximisation
of utility in modern economics. However, it is important to note that the utility
maximisation conceptualisation is just one possible way to translate the pursuit of
happiness principle in an exact operational form.
2) Axiom: the state of happiness is affected, among other factors, by the stocks of goods.
Measurable goods to be taken into account for individual decisions have the common
feature of being: useful (happiness change with the change in the quantity of stocks),
quantifiable (measurable) and that balance equations can be set for their variations1.
This hypothesis is also parallel to the empirical evidence and also reasonable from the
modeller’s point of view. Three important points are to be mentioned. First, standard
economics considers a slight modification of this axiom: the variation of the state of
happiness depends on the consumption of goods. Stocks are taken into account as the
consumption of the “service d’approvisionnement” of a stock of good 7. It is important to
underline that consumption is flow variable. But the function that describes happiness is a
state function that depends on stocks and stock-like variables. As we will see, the slight
modification of standard economic theory has serious consequences. Second, the existence of
the list of goods implies some institutional hypotheses. As an example, we can think of
money. The allocation of goods for the overall economy describes the state of the economy at
a point in time. The dynamics of the variation of individual allocations is given by the dynamic
equations for the change of goods. Third, Lyubomirsky’s empirical research show that
property accounts for less than 10 % of individual happiness. In fact, psychogenetic factors
are responsible for 50 %, voluntary actions account for 40 %, and other factors – economic
goods included – explain just the remaining 10 % 8. This empirical test has disastrous
implications as to the optimisation tool of standard economics. Happiness is largely dependent
on non quantifiable variables. Therefore, there is no sense to find an optimum on a limited set
of quantifiable variables. In fact, the optimisation with the omission of one constraint may
give worse results than a random choice. In summary, the use of optimisation as a general
tool is just a burden for economic science as already underlined by many economists, e.g. 9.
After these remarks, let us follow the economic tradition and denote the list of stocks by the
vector X. The second axiom implies that we can write balance equations for the variation of
an agent’s stocks. The variation of the j-th stock of agent A is:

dX jA =

  J jAB, k  DjA ,
k

B

AB,k

where Jj
stands for the volume of the j-th stock’s change in agent A’s relation of the k-th
type with agent B. DjA is a term for describing dissipation type variations. This dissipation
term is generally neglected in economics, in spite of the fact that it is strictly positive by the
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force of the law of nature. Let us consider the Nature as a special agent (B = 0), and money as a
special good (index j = 0 for money). Here are some possible J vectors if we have three goods:
JAA,2 = (0, +2, –2) means that agent A can transform (produce) 2 units of the second into 2 units
of the first good in the second type of stock change. The quantity of the 0th good – money – does
not change. It is important to note that if symbolic goods are included into the list of goods (if
the first good were nutritional stocks in the body) then the said transformation would describe
consumption. That is to say, consumption could be considered as a special production.
JAB,1 = (–1, +2, +1) the first type of stock change between agent A and B means that agent A
spends 1 unit of money for 2 units of the first goods and one unit of the second good.
JAB,2 = (–1, +2, +2) the second type of stock change between A and B means that agent A
spends 1 unit of money for two units of the first good and two units of second good.
JAB,3 = (–2, +4, +4) the third type of stock change between A and B means that agent A
spends 2 units of money for four units of the first good and four units of the second good.
That is to say there are as many J vectors as possible portions of the commodities. With
infinitely divisible goods naturally there would be an infinite number of possible stock
changes. We note that these possible stock exchanges implicitly contain price ratios.
We note that in real time, an agent can make just one action at a time. Therefore, the type of
stock change k identifies the agent B at the same time. Hence, the index B can be omitted.

DECISIONAL PROBLEM OF STANDARD ECONOMICS: THE
MAXIMISATION PRINCIPLE
In order to avoid any misunderstanding, let us start from what we know. In the previous point,
we have supposed that an agent pursuit the greatest happiness. We have also noted that this
axiom was formalised by the utility maximisation program. That is to say, “happiness” was
replaced with “utility” and “pursuit of greatest” with “greatest (maximisation)”. With
unlimited happiness in goods (no saturation point), this maximisation problem would have no
solution. Therefore, a budget constraint is added to the maximisation problem. The budget
constraint is a natural constraint in a market economy. It simply asserts that agents can
purchase goods only in the extent of the value of goods they offer. This constraint can be
weakened (include debt or money holdings). Even if we omit the interpretative problems that
occur with these modifications (“money holdings” as well as “debts” cannot be considered as
“money holdings” 10 and “debts” 11), the constraint that determines the choice of the
economic agent is fundamentally a financial constraint. As we will show later, there is no
need for this artefact (individual choice is not exclusively constrained by financial
constraints) in order to have a definite mathematical description of individual choice.
If prices expressed in monetary terms are denoted by p and there are j = 1, ..., N commodities
(that is to say money is excluded), the decisional problem of an individual can be written as:



U A J1A,k ,...J NA,k

 p j J jA,k = M
j



J jA,k  0

where M stands for the income (money) of the economic agent. Money in nominal terms does
not generally enter into the utility function, because it would mean that with doubled money
stock and doubled prices (that is to say the budget constraint remains the same) the economic
agent would be better-off 2. The utility function evaluates the J vectors without money:
JAB,1 = (–1, +2, +1)  UA(2, 1),
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JAB,2 = (–1, +2, +2)  UA(2, 2),
JAB,3 = (–2, +4, +4)  UA(4, 4).
That is to say, standard economics formulates the decisional problem of the individual as a
problem of choosing from a set of possible alternatives the best one. In order to make this
decisional problem well defined, prices are to be taken as known variables. Furthermore,
prices agents face must be uniform (the same good should have the same price in all
exchanges). Otherwise we would not be in general equilibrium. (In the general equilibrium
theory any planned exchanges can be executed. Hence, price differentials for the same good
would allow for arbitrage, i.e.: gains just by making further exchanges.) In brief, without the
uniform price taker agents we cannot find a general equilibrium solution.
However, the existence of the uniform price taker agent assumption is not harmless. It
excludes the explicit introduction of any price adjustment mechanism into the model (we
cannot have the empirical evidence of the law of demand and supply i.e.: prices change in the
direction of excess demand as a result). Furthermore, it undermines the logical coherence of
standard economic theory as a theory of market economies: the characteristic of a
decentralised market economy is precisely that agents do not know when markets clear and
they can make exchanges at disequilibrium prices 12.
The point is that if agents’ decisional problems are defined with the maximisation principle,
the uniform price assumption is also needed to find a general equilibrium solution. If a pair
wise exchange mechanism is considered when agents are allowed to make exchanges also at
disequilibrium prices, than we lose the results of the general equilibrium theory (no Pareto –
efficiency with respect to the original initial endowments) 13 and the use of the
maximisation principle loses its sense (supposed translation of the principle of the pursuit of
the greatest happiness into mathematical language).
Therefore, it seems to us that the maximisation principle constitutes one of the major
obstacles before the description of price formation in a decentralised market economy. In
order to avoid this problem, we show another solution to the individual’s decisional problem,
which is also parallel to the pursuit of the greatest happiness principle.

DECISIONAL PROBLEM REVISITED: THE DRIVING FORCE PRINCIPLE
As we have seen, the standard representation of economic agents is the maximisation of
utility under the budget constraints. Let us abandon this representation 14, 15. For the sake
of simplicity, let us consider just a very simple pure exchange economy and develop
monetary exchange. We consider just one commodity and money and also suppose that
differentials can be used. This is the most straightforward way to compare our representation
with the standard decisional problem. The abandon of the standard representation of the
economic agent means that we abandon the utility concept and the maximisation principle.
To abandon the utility concept means that we abandon the function, which relates the flows
of commodities J to the variation of happiness. Instead, we consider that happiness can be
given by a function H( ), which depends on the stocks of commodities X that an agent holds.
As stocks determine just a small part of happiness, we will rather call it “subjective wealth”
and denote it by Z. In brief, instead of dZ = U(J), we have Z(X) as to the formalisation of the
second axiom. If Z is a differentiable function, then the change of Z is defined by the change
of stocks. Mathematically, for the change of wealth in our very simple setting we have:
Z A
Z A
A
dZ A 
d
dM A .
X

A
A
M
X
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It is logical to call the expression Z/X the subjective value of commodity X, because the
variation of X changes individual subjective wealth, i.e. it characterises the change of the
subjective wealth.
We treat money as other commodities, that is to say money enters in nominal terms into the
subjective wealth function. This means that money has also positive subjective value. For
economists this assumption needs explication because of the utility concept, even if it seems
a quite natural assumption from our daily life. As to economic arguments underlying this
assumption let us recall the St. Petersburg’s paradox. The paradox is a simple pile or face
game: the first face pays as many dollars as the number of trials and the game stops if there is
a pay-off. The expected value of this game is infinity, but people are willing to pay a very
limited amount for such a game. The solution to this paradox proposed by Bernoulli is to
enter the pay-off into the utility function, and to suppose a root square dependence between
income and utility. In brief, the lesson from this paradox is that money enters into the
evaluation function, thus it has subjective value.
From theoretical point of view, the hypothesis that money has positive subjective value
implies that money also has positive value in exchange. A good part of standard monetary
theorists take this hypothesis unacceptable: for them, the positive exchange value of money
should be a result 16. We join economists who consider the positive exchange value of
money problem as a false problem. The reason is simple: we do not believe that the choice of
a consumption bundle is at the same level as the choice of the transactions technique 17.
That is to say, an agent can independently choose a consumption bundle of other agents, as
opposed to the transaction technique, where agents’ choices are interdependent. In brief, the
subjective value of money is not just a mathematical artefact.
The subjectivity of values naturally does not mean that values are arbitrary3 and that values
are constant. The subjective values attributed to the goods can be reappraised for two reasons:
first, because of the success or failure of actions (this implies also expectations, which are
always based on information and the agent understanding); secondly because of the change in
the quantity of goods owned by the agent. In general, the subjective value of the good
decreases with the increase of its quantity.
In our conceptualisation the subjective value is the wealth (happiness) increase due to the
increase in the stock of the good. That is not observable. Nevertheless, relative values can be
observed. In our money economies, the most convenient way to measure subjective values is
a measure in terms of money. The subjective value in monetary terms of the commodity X is4
Z/X
.
v
Z/M
The measure is straightforward: we offer for an individual the purchase of the commodity X
at different prices. The individual will buy the commodity if it worth at least as much for him
as the price he has to pay. The opposite is also true. If we observe the realised purchases of the
same agent we can have an upper and a lower limit for the subjective values in monetary terms.
Finally, we note that there is still no consensus among economists how to define money. In
general, money is defined with some functions that it performs. In the above representation
we have just used the two generally accepted characteristics of money: stock variable and
unit of account. We also emphasise for economists to whom money in nominal terms in the
evaluation function is shocking that for us the evaluation function is not the utility function.
In summary, for the variation of the subjective wealth function we have the following expression:

108

Greatest happiness principle in a complex system: maximisation versus driving force
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v dX + dM A .
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If the price of commodity X is p (pdXA = –dMA), and if we utilise that dXA = JA in our simple
case, then we finally have:
Z A A
Z A A
A
A
dZ =
v  p JA .
v  p dX =
A
A
M
M
If we kept the maximization rule, the solution of the above expression would have been the
well known result of general equilibrium theory:
vA(JA) = p.
Nevertheless, let us abandon the maximisation rule as to the formalisation of the pursuit of
the greatest happiness principle. As already mentioned, the maximisation rule implies that
agents seek opportunities until equilibrium is reached. As all real processes need time, the
abandon of the maximisation rule is equivalent to the abandon of the timeless (or infinite
time) setting of the equilibrium framework (in addition, it is empirical evidence that no one
will seek all the opportunities when shopping).
dZ A =









In brief, instead of the maximisation principle, let us assert that the volume of the transactions (J)
depends on the unit gain of the subjective wealth in monetary terms (v –p). If we denote this
function by G( ), we have:
JA = GA(vA –p).
In fact, G( ) may depend also on other variables and expectations. We note that standard
economics considers a special form of this relation, the individual (net) demand curves.
As a further simplification, let us consider a linear approximation of this function:
JA = LA(vA –p).
where L represents the willingness of transaction. In fact, the willingness of transactions has
the indexes (as prices): LjAB where j stands for the commodity j and A and B for the agents
involved in the transaction.
The above expression shows that the same expected gain implies different decisions (actions)
as LA changes. As an example, if agent B has already cheated agent A, than agent A can
choose never to make exchanges with agent B, that is to say LjAB = 0. Or, agent A can choose
to make exchanges just of the commodity j (for example the commodity j is not an experience
good) but not of the commodity i.
It is straightforward to introduce any price determination mechanism. As an example, the
determination of the price of commodity X in a bilateral exchange for two identical agents
using the tautology that what agent A gives in the exchange agents B obtains and vica versa
(JjAB + JjBA = 0), we have:
L(vA –p) + L(vB –p) = 0,
hence
p = (vA + vB)/2.
At the end of this bilateral exchange, there is no guarantee that vA = vB. Therefore the two
agents can make further exchanges until the two evaluations will be the same. Whether they
do it or not, depends on the exact definition of the price formation mechanism.
If agents have different willingness of transactions L, then we have:
LA v A + LBv B
.
p=
LA + LB
The quantity exchanged is:
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LA LB
vA  vB .
A
B
L +L
General equilibrium theory considers the state when there is no further possibility of
exchange. However, agent should make exchanges at the predetermined equilibrium price: it
is clear that in that case for bilateral exchange (with several agents) the double coincidence of
wants would not necessarily hold. The general equilibrium solution is then a special case: we
should imagine that at the predetermined equilibrium price, agents make exchanges with a
fictive agent of infinite stocks, but at the end of the realisation of all exchanges the stock
change of the fictive agent is 0. This is the well known role of the Walrasian auctioneer in the
general equilibrium theory. Put aside the condition of the zero stock change, the implicit
assumption behind the Walrasian auctioneer is straightforward: the hypothesis of free exchanges
at will at the given price is equivalent to the equilibrium assumption. If the special equilibrium
price – when the stock changes of the Walrasian auctioneer is zero – would not be set as a
further condition, the result of the general equilibrium theory would be a complete tautology.
JA =

It is well known that the general equilibrium solution is just one possible solution of the
equilibrium market price problem. In fact, if agents are allowed to make exchanges at will
(included disequilibrium prices), the equilibrium outcome of the exchange process will be
different from the predetermined general equilibrium solution 13. The driving force
description of economic decisions contains explicitly this result: depending on the L
parameters and on the way agents meet, the equilibrium outcome will also be different.
If we abandon the pure exchange setting, we can develop a general form for individual
decisions. We mean by general form that the decisional problem is the same for each agent
(consumer, producer) and for each economic action (exchange, production).
To do so, let us introduce unit bundles denoted by e. The unit bundle is indexed as eAB,k. This
means that when the k-th type of stock change is considered in agent A and B’s relation, the
good flows are given by the vector eAB,k. As above, let us drop index B as the type of stock
change in real time determines at the same time the other agent involved in the transaction. In
that case, we can write for the variation of stock j in the k-th type of stock change:
JjA,k = ejA,k IA,k.
where IA,k stands for the scalar of volume in the k-th type of stock change between agent A
and agent B. The set of unit flow bundles e characterises the agents. With this notation, the
variation of individual wealth (dissipation omitted) can be written as:
Z A
Z A A,k A,k
A,k
dZ A =  dZ A,k = 
d
X
=
 X A ej I
j
A
k
j,k X j
j,k
j
where j = 0 stands for money. The driving force principle states, if agents pursue the greatest
happiness, the (subjective) wealth gain on the unit bundle and the volume of the activity
cannot be independent. Let us denote the (subjective) wealth gain on the unit bundle of the k-th
type of stock change by Fk, and the subjective wealth of the j-th stock for agent A, ZA/XjA,
by wjA. That is to say:
Z A A,k
k
,
F A,k = 
e =  wAj eA,
j
A j

X
j
j
j

dZ A =

 dZ A,k =  F A,k I A,k .
k

k

Following the driving force principle, F and I are not mutually independent:
IA,k = IA,k(FA,k) = IA,k(wAeA,k)
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Taking a metaphor from physics, FA,k can be considered as the economic driving force
between agents A and B in the k-th type of stock change. The economic driving force is
hence the expected wealth increase on a unit bundle change in an economic activity. Using
first order linear approximation of this relationship, we can finally write:
k
I A,k = LA,k F A,k = LA,k  wAjeA,
j .
j

This formulation, with the help of the unit bundle, puts forward the fact that the choice is not
directly on the flow vector of the variation of stocks J, but there is a double choice: the type
of activity k and its volume Ik is selected.
In summary, the dynamics of the economic system can be characterised by the following
equations (for j = 0, 1, ..., N goods and all the agents A, B, ...):
dX jA
k AB, k
k A AB, k
 DjA =  eAB,
 DjA
=  eAB,
Ij
wj e j
j
j
dt
k
k
under the condition:
IAB,k = IBA,k
As we can see, this is a non-linear differential system, because subjective values depend on
stocks. Therefore, it is more complicated than the well-known Lotka-Volterra equation. The
solution of nonlinear differential equations largely depends on the initial conditions
(parameters). Therefore, the question whether these systems have equilibrium solutions and
whether these equilibrium solutions are attractors, is not straightforward. It follows that the
results of equilibrium economics have to be handled with care. Which results follow just
from the equilibrium hypothesis and which ones can be considered as economic laws?

CONCLUSION
Standard economic theory has been dominating the economic thinking for decades. Though
most of the economists are aware of the serious conceptual limitations of the standard
framework, they still use it either because they state that “we do not have better” or because
they (abusively) use M. Friedman’s “as if” logic.
We have shown on the one hand that none of the above excuses are valid and on the other
hand the reason why economists cannot get out of the trap of standard economic framework.
In fact, the mathematical formulation of economic thoughts that made possible great
advances in economic theory is that, which ties the hands of economists, Table 1.
Table 1. Brief comparison of two approaches in economics.
Postulates,
Standard economics
Complex system’s approach
consequences

Basic postulate for
individual decisions
Working postulate for
individual decisions
consequence 1
consequence 2

Pursuit of the greatest
happiness

Maximisation of utility
Maximisation → Equilibrium
analysis
Utility → money has no
subjective value

Pursuit of the greatest happiness
Driving force of economic activities
is subjective wealth increase
Driving force → No restriction
Subjective wealth → money has
also subjective value
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REMARKS

As an example, a certainly incomplete list of measurable stocks that affect our happiness
includes: material goods (bread), money, time (labour), relational goods, physiological
factors and knowledge. Time is a special source of happiness. It can be formally subsumed
under the stock description because we make decisions how to use time and which type of
activity to select. Relational goods capture the affective and communicative components of
interpersonal relations. Physiological factors characterize the state of the body or bodily
functions (fitness, appearance).
2
Utility is the satisfaction of human needs from the consumption of goods. If the consumption
bundle does not change, utility should also be the same.
3
A little child who attributes high value to a little toy but no value to a $ 100 banknote is willing
to make the exchange of the banknote for the toy but not vice versa. However, if she learns
that she can get 10 toys for the banknote she will probably not exchange it just for one toy.
4
This expression shows that money has no value in monetary terms. This assertion has
already been formulated by Marx 18 in another context, when he stated that the general
equivalent excludes itself from the realm of commodities.
1
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PRINCIP NAJVEĆE SREĆE U KOMPLEKSNOM SUSTAVU:
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SAŽETAK
S filozofskog stajališta, ekonomske teorije utemeljene na mikro-razini odstupaju od principa teženja najvećoj
sreći. S matematičkog stajališta, ekonomske teorije utemeljene na mikro-razini odstupaju od programa
maksimiziranja korisnosti. Iako su ekonomisti svjesni ozbiljnih ograničenja ravnotežne analize i dalje ostaju u
tom okviru. Pokazujemo kako je princip maksimiziranja, koji podrazumijeva hipotezu ravnoteže, odgovoran za
to. Formaliziramo težnju za princip najveće sreće pomoću postulata pokretačke sile: opseg aktivnosti ovisi o
očekivanom povećanju bogatstva. U tom slučaju uklanjamo hipotezu ravnoteže i dobivamo novi uvid u
ekonomsku teoriju. Npr. o tome u kojoj mjeri standardni ekononmski rezultati ovise o hipotezi ravnoteži?

KLJUČNE RIJEČI
pokretačka sila, hipoteza ravnoteže, maksimiziranje korisnosti

113

Interdisciplinary Description of Complex Systems 10(2), 114-126, 2012

ON TYPICAL MATERIALS ACTING AS THE DIVIDING
STANDARD OF THE DEVELOPMENT STAGES OF
HUMAN SUBSTANCE CIVILIZATION
Bangwei Zhang*
College of Physics, Hunan University
Changsha, China
Regular article

Received: 18. February 2012. Accepted: 9. June 2012.

ABSTRACT
During more than three million years, the substance civilization of human society went through the
Stone Age, the Bronze Age, the Iron Age, the Steel and Cement Age, and the Silicon Age. At the
beginning of the new century, the human society has entered into the Nanomaterials Age, which
indicates that a completely new substance civilization of human society has started. This paper
analyses and discusses why the typical materials serve as the only standard for dividing the eras of the
substance civilization of human society. The author argues about the subject of dividing the substance
civilization of human society. The goal is to initiate broad and thorough discussion of that subject so
as to get a rather thorough understanding about it.
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On typical materials acting as the dividing standard of the development stages of human ...

INTRODUCTION
The substance civilization of human society has passed a very long period of time. Usually it
estimates more than 3 million years. After breaking away from eating raw birds and animals
for a very long period of time, the substance civilization of human society has started to
develop from a very low level to the present highly developed brilliant stage just through the
efforts and struggles of the whole humankind. How to divide the development stages of the
substance civilization of human society, and what should be the standard for such division?
These are very interesting questions. It must be pointed out that these questions are of no
uniform answer but are very diverse from each other. One can say that since opinions vary,
no unanimous conclusion can be drawn.

TWO APPROACHES
In general, one can find two approaches to dividing the development stages of human society.
First approach is the so-called theory of the five societies. These societies are the Primitive
Society, the Slave Society, the Feudal Society, the Capital Society and the Socialism &
Communism Society [1]. This approach is well known in China and overall in socialist
countries. It is obvious that such an approach for dividing the stages of the human society
follows mainly from the ideology and political viewpoint or production relations. Moreover,
there is a conflict phenomenon inherent to that division, the so-called conflict between the
advanced social system and backward social productive forces. After the famous Soviet
revolution in 1917, this phenomenon is still existent and has not been resolved. On the one
hand, this is an intrinsic characteristic of a socialist country. On the other hand, the
development of the substance civilization in the socialist countries still lacks that of the
average capitalistic country. As is well known, currently developed countries are capital
countries. That is to say, the backward social system has the advanced substance civilization,
but the advanced social system has the backward substance civilization. Therefore, such kind
of division cannot represent, cannot describe completely and exactly all the real facts and all
aspects for the development stages of the substance civilization of human society. Such
conflict phenomenon, of course, cannot be explained by the corresponding approach.
Since the dissolution of the socialist systems in former Soviet Union and Eastern European
countries and their transformation to capitalistic systems, a new phenomenon occurred. The
development of society is considered not as a forward, but as a backward in these countries. It
should be obvious that such a phenomenon of backward development of a society is also
difficult to explain using stated division.
Everything in the development of the world should be forward but never backward. Who
could see a tree grew up to 5 meters then decreased down to 4 or 3 meters? Or who could see
that a normal and healthy person who was 30 years old yesterday, but becomes a ten year old
child today? As for the substance civilization development in the whole world, it is also
impossible from a very high level back to a very low level, for example back to the Stone
Age. Such a backward phenomenon cannot happen unless the Earth is destroyed by an
accidental destruction and all the present, highly developed substance civilization have been
shattered instantly.
Of course, such a scenario does not include social events. How to explain the mentioned
unusual social event? We know that such as a backward phenomenon in the development of
social systems did not occur at the time when this kind of dividing standard was originally
proposed by Marx and Engels. They, of course, were not able to consider and explain it, but
nowadays people should be able to explain it clearly. It must also be emphasized that we do
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not want to criticize or to deny the truth for the kind of division from the ideology and
political viewpoint. But for dividing the development stages of the substance civilization of
human society we will use different opinions, to be stated further in the text, because they
agree with all of facts for the development of substance civilization of human society.
Moreover, the aforementioned conflict phenomenon can be explained consequently.
In fact, the original proposers of the mentioned dividing standard, Marx and Engels, also
proposed the second kind of opinions for dividing the substance civilization of human society,
stated from the point of view of the tool of production but not from the production relations.
Marx wrote: “However little our written histories up to this time notice the development of
material production, which is the basis of all social life, and therefore of all real history, yet
prehistoric times have been classified in accordance with the results, not of so-called
historical, but of materialistic investigations. These periods have been divided, to correspond
with the materials from which their implements and weapons were made, viz., into the stone,
the bronze, and the iron ages.” [2]. This is so-called the Three-age system theory. From these
words, we can see three points obviously. First, Marx and Engels criticized most of the
history books because they neglected the importance of the development of substance
production. That neglect was wrong because it was not in agreement with the facts of
development of humankind. Secondly, Marx and Engels proved incontrovertibly that the
prehistoric period can be divided into the Stone, Bronze and Iron Ages. And thirdly, Marx
and Engels proposed clearly that the standard of division were materials of manufactured
tools and weapons but not the history.
It should be pointed out that Marx and Engels did not prove and emphasize which one of the
aforementioned two divisions they prefer, or when one should use the division of the five
societies, and when the theory of three ages. But, most of the Marxists claimed to be sure that
Marx and Engels usually preferred the kind of division of the five societies. Just as an
example see the paper of Du and Liu [3].
We are sure that the second kind of division for dividing the substance civilization of human
society is the most suitable, because we do not want to consider the situation of the various classes
and the production relations and we just consider the development of the substance of civilization
in the stages of human society. We will describe and analyze it in detail further in the text.

DIVIDING STANDARD
Before we go into details of the description and discussion, let us write some words about the
contemporary situation, with a lot of arguments and rather confuse status for dividing the
stages of the substance of civilization of human society. For example, as was once said, “up
to date, the human society went through the stone age, the bronze age, the iron age, the steam
age, the electronic age, the electron age, etc.” [4]. Another argument is that “the course of
human society was been divided the stone age, the iron age, the bronze age, the hand grinder
age, the machine industry age, the electron information age, etc.” [4]. The third argument is
“some researchers proposed such as ‘the age of global peace and development’, ‘the age from
confrontation to relaxation’, ‘the age from two poles to multiple poles’, ‘the age of economic
globalization’, ‘the age of knowledge economy’ et al. new says.” [5]. The fourth argument is
that the whole human history could be divided into “the Stone Age, the Bronze Age, the Iron
Age, the Concrete/Steel Age, the Polymer Age, the Silicon Age and the Information Age.” [6].
The fifth argument is that the present age is “Information Age” by Bill Gates [7], etc. The
appearance of such chaotic situation is lack of unanimously recognized standard for dividing
the development stages of human substance civilization.
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Our point of view is that the standard for dividing the stages of the substance civilization of
human society is based on the point of view of the tools of production but not of the production
relations. Stated differently, the standard for dividing the stages of the substance civilization
of human society is the materials of manufactured tools and devices. This is in agreement with
the point of view from Marx and Engels [2], because they used the materials of manufactured
tools and weapons to divide the Stone, Bronze and Iron Ages at least as mentioned previously.
The scholars from the Connell University also hold the same opinion (Fig. 1). However, they
introduced the Information Age to represent the so called Late-Silicon Age, which is not
based on the materials. In addition, several Ages overlap, which also seems inappropriately.
?

Stone Age

app. 35 000 years

Bronze Age

app. 1800 years

Iron Age

app. 3300 years

Polymer Age
app. 50 years

Concrete/Steel Age
app. 60 years

Silicon Age

app. 35 years

Information Age
app. 15 years

5000 4000 3000 2000 1000 0 1000 1900 1960 1990 2010
BC
AD
Figure 1. Division of human society from Cornell University 6.

Making a general survey of the developing history of human society, the development and
their application of materials always are the milestone for the civilization and economic
progress. The introduction and application of a new type of materials has always caused the
important change for human society. The reason is obvious since everything is either made or
depends on materials. Not to mention the food eaten, clothes worn, things utilised, all of the
devices, all of the tools, and various weapons which all cannot be manufactured without
materials. Even the so-called spiritual food such as books, films, radio, television, internet,
etc also cannot work without materials, but must rely on them. Materials are the bases of all
things including people’s life, human progress and the substance civilization of human society.
Use of the typical materials to designate the stages of the substance civilization of human
society just reflects the basic role of materials in the process of development for human
society, because any name of devices, articles and things, or some kind of abstract name
cannot replace it. We know that a lot of great devices, buildings and other things were created
by our humankind, such as The Great Wall, The Pyramids, various skyscrapers, various great
bridges, automobiles, trains, planes, spacecrafts, satellites, internet etc. They are all important
symbols for the substance civilization of human society, and we are proud of them. However,
who can imagine that such great things can be created without materials? Or from the other
point of view, can we have The Great Wall Age, The Pyramid Age, or automobile, train and
plane age? Of course, we cannot do so though sometime some people has referred to the
world as to the automobile age or plane age.
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Not using the name of some great things to represent the stages of the substance civilization
of human society, are we able to use some kind of abstract name to represent it? We do not
think so as well. Names as Age of knowledge, Economy Age or Information Age are
frequently seen in the various places and situations for naming the Late-Silicon Age. We do
not want to analyse the content of these names completely, but just to analyse why we cannot
use them to represent the present age of human society we live in. In this article we limit us to
discuss the name of Information Age.
Who and when named the Information Age first? It is difficult to say. There is a lot of books
about the Information Age. Let us mention the rather famous book “The road ahead”,
published in 1995, written by Bill Gates [7]. Title of Chapter 2 of that book is “The start of
the Information Age”. Gates did not illustrate the initial time of the Information Age, and also
did not define it. But his main description is about the Information Highway, that is the
today’s internet. From the internet, some definition of Information Age can be found, for
example “A period beginning in the last quarter of the 20th century when information became
easily accessible through publications and through the manipulation of information by
computers and computer networks.” [8]. Whether the information highway, the computer
network or the internet, they all mention the same thing, which is just about transmitting
information: words, papers, books, pictures, music, films etc. using lines or wireless network,
computers and other equipments, so people can get information easier and faster than ever
before. Of course, the internet is not the only element, but there are many other kinds of
things, devices or equipments included in the elements of Information Age. Just regarding the
internet, the key element is the computer. For the computer, people well know that, without
software, operating system (OS) and other application software, it is of no use even if you
have the best computer. That is to say, the software is very important for the computer. No
one wants to omit it but not everyone emphasises it. However, not too many person pay
attention to the inverse problem that for the development of computer the hardware, as we
usually calls it, is more important. Reason for that is that people either do not understand it
very well or omit it consciously or unconsciously. In fact, even if you have some advanced
Vista or Windows 7 Ultimate Operating Systems, your computer ca not operate and run at all
if you only have an IBM Computer XT or a computer with a 386 central processing unit (CPU),
the most important element of a computer system). To compare hardware and software, the
hardware of a computer is the basis, the most important part because the software will be
accompanied by the development of the hardware, but the inversion is not true.
Of course, the development of computer mainly depends on the progress of its CPU and hard
disk. The CPU depends on transistors. From the very beginning to present time, the key
element of CPU went through several stages: the electronic tube  transistor  micro
integrated circuits (IC)  submicro IC  nano IC. We do not want to mention all of these,
but just to mention the development of Intel’s CPU. From Intel’s first CPU (4004),
containing 2300 transistors, which was released in November 1971, to Intel® Core™ 2
Extreme quad-core QX6850 CPU, released in July 2007 with 582 million transistors, the
number of transistors in CPU increased 253 000 times in the past 35 years. Regarding the
increase of the CPU speed, the following comparison was made: if the speed of an
automobile increased since 1971 at the same rate as the chip speed did, you would now be
able to drive from San Francisco to New York City in less than 10 seconds. Here the
assumption is that the car’s speed in 1971 was 60 mph and the distance from San Francisco to
New York is 3000 miles. And the properties of CPU such as the speed, cache and million
instructions per second (MIPS) increased similarly, from 108 kHz, 640 Bytes and 0,06 MIPS
to 2,66-3,0 GHz, 64 Gb and 11 000 MIPS, respectively, in the same period with corresponding
rates of 280 thousands, 100 million and 1,7 million respectively [9]. Moreover, the price of a
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transistor in CPU unparalleledly decreased: from US$ 1 for each transistor in 1968 to US$
410-7 in 2002, decreasing in total 2,5 million times. What caused that? The cause is just the
miniaturization of transistors in CPU [10, 11]. It was caused by the rapid decrease of the
typical size that is the grid length of the transistor, which was reduced from 10 m in 4004 to
65 nm in Core™ 2 Extreme quad-core QX6850 CPU. Though the decrease of the typical
length of transistor in CPU is only 154 times, that reduction resulted in the brilliant progress
of information technology (IT) and relevant industries, so as to produce an earth-shaking
change in the world. It is impossible to imagine that such progress could take place without
the development and progress in the silicon and other related materials, such as the gate
dielectrics [12, 13]. That is to say, the materials progress resulted in such IT progress.
Similarly one can analyse the computer’s hard disk drive. From the first IBM hard drive
RAMAC in 1956 to present ones, half a century passed. The storage capacity of RAMAC is
4,4 MB, and it was made of fifty 24-inch aluminum plates with total weight of 2140 lbs (970 kg).
Today it cannot be mentioned in the same breath, and we just mention the hard drive of
Barracuda 7200.10 with 750 Gb, released by Seagate in April 2006. Its diameter is 3,5 in (9 cm)
and its weight is only several ounces. Overall the data storage capacity increased 150 000
times during the past 50 years. This is a consequence of the increase in the area density of
disk, from 2 Kb/in2 = 210-6 Gb/in2 for the first RAMAC hard drive to 1 Tb/in2 reported in
October 2006 [14], the increase of 5108 (500 million) times. And the decisive factor for such
an increase is the development and progress of materials for magnetic head and disk. Just
because of the progress of the magnetic recording materials, the magnetic head went through
several stages: magnetic oxides  MR  CIPGMR  CPP  GMR  HAMR (Heat
assisted magnetic recording) [15, 16]. The facts show that without the development and
progress for the magnetic materials for magnetic head and disk, there would be no such
progress of computers in the world.
All of the stated facts and analyses contribute to the fact that the development and progress of
computers was caused mainly by the advance of materials and improvement of process
technologies. We cannot use the production relations to explain such world-shaking change
because one can argue that it is rather obvious that during the last half of century, in most of
the countries including China, UK, France, Germany, Japan, USA etc. the social systems, that
is their production relations, did not change. On the contrary, the production relations for the
former Society Union and the East European Countries all were backward from socialist
systems to capital systems. Such change did not bring about any obvious effect to the
progress of the computer in the whole world.
As mentioned previously, for the substance civilization development in the whole world, it is
impossible to change from a very high level to a very low level, for example back to the
Stone Age. Even though the development would be affected and would become rather slow
because of some reason, for example because of the change from socialist to capitalist system
in the former Soviet Union and Eastern European Countries, the substance civilization
development in the whole world still develops forward but never backward. Its development
process has always been forward. The mentioned conflict phenomenon will not appear, so it
is not a problem from such a point of view. But for the five society system theory, it is a
problem that is difficult to explain.

TYPICAL MATERIAL
There are tens of thousands of kinds of materials. Of course, not every material can be used
for such division. Only a very few man-made materials can do so, they must be the typical
materials. In our opinion, only the materials which satisfied several conditions can be used
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for dividing the substance civilization of human society. Such conditions are that the
materials must be human made; the materials must cause huge change of the whole world;
and the materials must stand for a long period of time in human history. Therefore wood,
ceramics, glass, plastics and polymer cannot be used to divide the stages of human society.
Up to date, we have six such typical materials, which are stone, bronze, iron, steel/cement,
silicon and nanomaterials. Figure 2 shows our division for the substance civilization of human
society with the six typical materials. Table 1 lists the corresponding date ranges of the Ages.
This is the six-age systems theory on division of the substance civilization of human society.
Stone Age

from 3 million years BC
to 3300 years BC

Bronze Age

app. 1900 years

Iron Age

app. 3300 years

Steel/Cement Age

app. 60 years

Si-materials Age
app. 40 years

Nanomaterials Age

from year 2001

5000 4000 3000 2000 1000 0 1000 1900 1960 2000 2100
2500
BC
AD
Figure 2. The proposed division of substance civilization of human society by the author.

Time axis is not in scale.

Table 1. Division and date range of substance civilization of human society.

Age

Stone Age
Old Stone Age
Lower Paleolithic
Middle Paleolithic
Upper Paleolithic
Middle Stone Age
New Stone Age
Bronze Age
Iron age
Steel and Cement Age
Si-materials Age
Nano Materials Age
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Time period
3 million － 3300 years BC
3 million － 10 000 years BC
3 million － 0,2 million years BC
0,2 million － 35 000 years BC
35 000 － 10 000 years BC
10 000 － 6000 years BC
6000 － 3300 years BC
3300 － 1400 years BC
1400 years BC － 1900
1900 － 1960
1960 － 2000
2001 －
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Here we just give a short introduction to the contents and reasons for determination of six
typical materials for the six-age systems theory in order to understand the Fig. 2 and Table 1
more clearly. They were described and discussed in details elsewhere [17, 18].
In the means used for access to food to sustain life, there was no significant difference
initially between our ancestors and the parted ways animals, also only using hands and teeth.
This was a very long period.
Gradually, our ancestors recognized using the natural wooden sticks and stones for access to
food, and for protecting themselves because of their intellectual development, which was
significantly larger than of animals. It is considered that there was a long period during which
our ancestors gradually learned how to use tools. They did not only understand how to pick
up the large stones and sticks to hunt animals, but also gradually recognized using their
collected big stones with sharp edge to tear open fur, and to slit tendons and meat of the preys
besides using their hands and teeth.
In the long process of how to learn using tools, our ancestors recognized that some stones,
e.g. flints, could produce the sharp edge when broken. Then, they gradually developed
understanding that the stones with sharp edges could be obtained using a stone to struck
another stone. These are the chipped stones as the historians called, and that is the origin of
human manufacturing of tools.
From using the natural tools to their initial manufacturing chipped stone tools, there is a great
qualitative leap in the whole development history of the human substance civilization. This
period was rather long. Since then, humankind has relied on the self-made man-made materials
(the exception being the use of natural stones because of the very low productivity and
impossibility to make man-made materials in the Stone Age) and the various kinds of tools
and implements made by such man-mad materials, developing the substance civilization, through
one after another brilliant stage. The initial point for dividing the developed stages of the human
substance civilization was from the day that human manufactured the chipped stone tools.
The Stone Age was a broad prehistoric time period during which humans widely used stone
for toolmaking. The date range of this period is ambiguous, disputed, and variable according
to the region in the world. However, in general, it is considered that this period began around
3 million years ago, starting with the first hominid tool-making in Africa [19, 20]. Some
archaeological teams discovered recent years the earliest direct evidence of stone tool
manufacture and use back to 2,6 million years old [21]. Therefore, the Stone Age started in 2 to
3 million years ago as proven by the excavated stone implements.
According to the manufacturing level for the stone tools and appliances, the Stone Age is
usually divided into three sub ages: the Old Stone Age (Paleolithic), the Middle Stone Age
(Mesolithic), and the New Stone Age (Neolithic).
The Old Stone Age is divided the Lower Paleolithic, the Middle Paleolithic and the Upper
Paleolithic, which corresponded roughly the Homo habilis and Homo erectus, early Homo
sapiens and the advanced Homo sapiens stages respectively in the human evolution itself.
The date ranges for them are listed in the Table 1. They were all confirmed by the
archaeological excavations [22-24].
The common features for the men-mad artifacts such as Acheulian hand ax, single-stage
cores and flakes in the Mongolia’s Yahe Hill district in this period are rough processing and
simple shaped.
The Mesolithic is characterized by small composite flint tools (microliths and microburins) in
most areas [23]. Indirect striking small stone process has became more mature technology,
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the composite tools such as embedded thin flakes in the bone and wood stalk arrow and knife
appeared. The grinding stone tools have been appeared also. The dart, cone and other bone
implements became more well practice. Arrows were the most important invention in the
Mesolithic. Because of its long range and speed, arrow became the main hunting tools at that
time. The earliest wooden bow is discovered in the Northern Germany and is dated about
9000 BC [25, 26]. Two points in this period should be emphasised here. The first is that our
ancestors invented the ceramics with use of fire to burn clay [19]. The second is that people’s
way of living changed from the mobile scattered living to that of the settlers [27].
The main mark of the Neolithic was that the use of grinding stone tools and implements was
rather widespread [19]. Our ancestors mastered very skillfully the method that first selects the
suitable stone materials to manufacture a prototype of stone, and further includes repeated
grinding and polishing of the stone implements with the sand and water against a whetstone.
It should be stressed that the history known as the “revolution of agriculture” appeared during
this period of time. Around 12 000 years BC, there was a great change of the Earth clymate,
because of which the prevalent way for macquiring and hunting food became more and more
difficult, thus promoting the conversion to agricultural production. Hence the agriculture
became the main means of subsistence, of and the productive sectors [19]. People
domesticated some types of wild animals into livestock and some types of wild plants for the
cultivation of cereals. Therefore tillage technology began to emerge. Of course, this is a
milestone in the process of human substance civilization.
In the later Neolithic, our ancestors felt that only the stone tools were unable to meet the need
for the development in agriculture and handicraft industry. The stone tools were rather
difficult to excavate and overturn the slightly hard land, besides that the efficiency was rather
low using the stone tools in the plowing. In addition, the process of war asked strongly for
new weapons, the sharper and more powerful weapons than the stone weapons. It is evidently
that the stone tools became the main barriers to production and social development. Our
ancestors had to find new man-made material for further development of our civilisation.
That was Bronze, so the Bronze Age came. First, the ancient people discovered the natural
copper in the rich copper ore region, which is almost pure and has characteristic red color of
the metal copper, so as to call it red copper. People found from the archaeological
excavations in recent years the evidence of the use of red copper [28]. The red copper is not
man-made, and has an obvious shortcoming, that it is rather soft. Later on, people found the
mixed mines of copper and tin, or copper and lead, in some districts. The blacksmiths at that
time calcinated such copper ore with charcoal, and produced Cu-Sn or Cu-Pb alloys. The
color of Cu-Sn alloys is green gray, so as to call it bronze. The casting property, hardness and
strength of bronze are much better than those of pure copper. The invention of the casting
technique of bronze was another important milestone in human history of the development of
material civilization. In 1975, a bronze knife was unearthed from the Majiayao culture sites,
Ganshu province, which dated 3000 BC years ago [28]. Wtih combination of other
archaeological data, it is estimated that humans entered the Bronze Age about 3300 BC.
The shortcomings of bronze come from two aspects. The copper ore is in general not
abundant in the Earth, thus the copper production is not high, and extensive use is restricted.
In addition, copper has rather poor strength and hardness. It was difficult to meet the needs
for expansion of agricultural production by deforestation, excavation and mining the
underground mineral deposits, especially for creating more tenacious sharp weapons. Our
human ancestors deeply felt to find better than copper metal materials for development. It
was iron. The iron ores are abundant in many regions. The iron ware was hard, tough and
sharp, and suited far better than stone and bronze. Humankind recognized the iron first from
the iron meteorite. An iron-bladed bronze tomahawk dated back to the 14th century BC was
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excavated in 1972, and confirmed that the iron was manufactured by the siderite [29]. In
order to use iron, our ancestors must master the iron-smelting technology because the melting
point of iron is 1535 C, which is much higher than the melting point of copper (1083 °C).
Through practice by practice in a long term, they finally mastered the iron-smelting technology,
as well as how to use the pig iron turned to the wrought iron. So, they could produce various
iron tools and weapons though up until now we are still unable to determine who exactly was
the first inventor of the iron-smelting technology. Archaeological excavations conducted
recently in India [30], in the West China [31], and in West Africa, confirmed that people in
these districts used the iron since 1800 BC, 1200 BC and 1000 BC, respectively. So, one can
infer that the world in general has access to Iron Age since about 1400 BC. The invention and
its application of the iron materials was another remarkable milestone in the development of
human society of substance civilization. Up to the end of the Iron Age, the human substance
civilization reached modern high degree of well-developed starting point.
The aspirations for seeking a better material than iron come from three aspects. The first is
the inherent shortcomings of iron: it easily rusts, is brittle and of poor plastic property.
Because their cut properties and other process properties are not good but rather worse, it is
very difficult to process them into various complicated shapes of devices regardless of the pig
iron or wrought iron. The second is that the new and developing bourgeois was anxious to
rapidly develop their production force and wanted to produce many kinds of goods for
average people in order to prove that they were more superior to the feudal class and to
confirm and their political power just seized from the feudal dynasty not too long ago. The
third is that the natural instincts of humankind pursue the unknown things besides truth. The
iron materials cannot satisfy the substance and cultural demand and requirement for the
humankind, and became the main factor for impeding social development. People at that time
certainly wanted to invent a better kind of materials than iron in order to satisfy their desire
and demand of development of substance civilization. This new kind of materials was steel
and cement. During the iron age, the important steps for inventing steel include: the enhance
of the furnace temperature; using the process usually called the “folded hundred times steel”
method to make the surface layer of iron artifacts became a low carbon steel; development of
the smelted steel with crucible, producing the “Wutz steel ”; and the Bessemer process with
blowing air through molten pig iron to oxidize the material and separate impurities. Thus, a
large quantity of high grade steel was produced mainly in England and in Europe. Various
shapes of steel materials were produced step by step. The tools and weapons were greatly
improved. The world production of steel was 28,5 million metric tons in 1900. In the same
period, in 1824, Joseph Aspdin invented Portland Cement on the basis of previous inventors.
Therefore, the Steel/Cement Age was coming after 1900. After entering the Steel/Cement
Age, the substance civilization of humankind strode forward higher level, which resulted
from the development of steel. This situation proves once again that the materials are the key
and center action for the substance civilization of human society.
Two World Wars happened during the Steel Age. It is no doubt that the World Wars were not
from using the steel and cement materials but from the fascists, from their invasions of other
countries, from their political ambitions to enslave the people, and from their war insanity.
During the War and especially after World War II, people asked for faster and more accurate
communications. The steel and cement cannot meet such demand. Only the germanium, and
later on the silicium materials are suitable for such needs. Schockley, Bardeen and Brattian
invented the first point Ge-transistor in the world in December 1947. The importance of
inventing the transistor for the human substance civilization cannot be overemphasised. Since
then, the Si-planar transistor CMOS, IC, CPU, computer, cell phone, and a number of
electronic equipment and household appliances have appeared, and all of them are dependent
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on the high purity of Si-materials. It is unimaginable that the transistors can be produced by
using either steel or cement. The transistors must be produced by using the semiconductor
materials. Without the advance of Si-materials, ther will be no transistor, no IC, no CPU, no
computer and no all of electronic devices. So, the development stage of substance civilization
of human society entered the Si-materials age. Considering all of the facts using the
Si-materials and all of the devices and equipment fabricated by silicon, with which the
worldwide semiconductor revenues reached the US$ 0,8 billion in 1960, we would like to say
that Silicon Age began in 1960.
Why we say that the world entered into the Nanomaterials Age from the beginning of the new
century? The main reasons include several aspects. First, the nanomaterials and
nanotechnology have affected societies worldwide, comprehensively and deeply, including
affecting the world’s economies, science and technology, military, and human life. Secondly,
today’s nanoscience not only established its academic status, limited to its own field but
extends to nearly all other macro disciplines [32]. Thirdly, only nanomaterials and
nanotechnologies can promote industries to solve their own problems and move forward. For
example, only the nanotechnologies can continue the miniaturization of transistors and
promote further the Moore law. Fourthly, any other materials (steel or silicon) cannot replace
the nanomaterials to produce new tools and devices. For example, nanoparticles could be
used to seek out cancer cells and then release an attached drug. Bulk silicon materials cannot
make this possible and steel and cement are even more powerless. Fifthly, a long period of
human history will be affected by nanomaterials and nanotechnologies. Considering that
governments from many countries paid extreme attention to the nanoscience and nanotechnology
since 2001, the worldwide investments was US$ 15,34 billion in 2001, the global market size
of nanomaterials and nanotechnologies totaled approximately US$ 7 billion in 2002 and the
global trade volume of nanomaterials and nanotechnologies increased rapidly since 2001, we
are sure that the Nanomaterials Age started at the beginning of the new century, in 2001.

CONCLUSIONS
There are many confusing sayings for the stages of substance civilization development of
human society. No unanimous conclusion could be found in the literature.
The analyses and descriptions stated indicate sufficiently that the doctrine of five ages for
dividing the political systems and social ideology of humankind society cannot describe, at
least not completely and exactly, the division of the development of substance civilization of
human society.
The division of the development stages of substance civilization of human society must be
based on the tools of production and not on the production relations. Only typical materials can
be used as alone standard of such division.
The six-age systems theory on dividing the substance civilization of human society has been
proposed, the facts and reasons for dividing them and the date of separating two Ages have
been described and discussed briefly.
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SAŽETAK
Temelji ljudske civilizacije razvijaju se više od tri milijuna godina, kroz kameno doba, brončano doba, željezno
doba, čelično i cementno doba te silicijevo doba. Na početku ovog stoljeća, ljudsko društvo ušlo je u doba
nanomaterijala, čime se u bitnome promijenio temelj ljudske civilizacije. U ovom radu razmatra se zašto tipični
materijali trebaju biti jedini standard podjele ljudskog razvoja na dobā. Autor obrazlaže svoj stav o podjelama
temelja ljudske civilizacije. Cilj rada je potaknuti sveobuhvatnu diskusiju o toj temi kako bi se postiglo njeno
jedinstveno razumijevanje.

KLJUČNE RIJEČI
temelj civlizacije, ljudsko društvo, uobičajeni materijali, standard podjele, proizvodni odnosi, teorija sustava tri
doba, teorija sustava šest doba
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ABSTRACT
This paper proposes a method to find out the units of length used by the Slavs prior to their
Christianization. The method relies on a previous research of the tripartite structure of pre-Christian
Slavic sacred sites discovered by Andrej Pleterski. Such spatial structures represent myth in space and
are in correlation with the central Slavic myth of the divine battle between Perun and Veles as
presented by Radoslav Katičić. By measuring the angles which Sun takes through the year cycle and
comparing them with the angles between the sacred sites, the pagan priests had means to accurately
determine the days of religious festivals and the calendar in general. The angles likely had an
important role, but this article tries to examine weather the absolute values of the distance between the
sacred sites were also important. The method relies on the mathematical properties of arithmetic and
geometric sequences. If for some of the inital parameters of the sequences the probability function for
a given distribution of sacred sites in some area shows to be significantly smaller than the average,
then it is an indication that the respective distribution is not random. The parameters in such case may
point to the system of measures used during the creation of the structure. The proposed method really
detected some common modules, but in this phase it is only experimental and still can not be used as a
proof of common Pan-Slavic system of units.
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INTRODUCTION
The pagan Slavs positioned their sacred shrines in such a way that the chosen positions
formed a tripartite structure, a triangle as discovered by Andrej Pleterski [1]. Such structures
represented myth in space and were related to the central Slavic myth of the divine battle
between Perun and Veles as presented by Radoslav Katičić [2-4]. The Perun’s sanctuary was
usually placed on some high place, the Veles’ sanctuary accross the local river on a usually
lower place, and the Mokos’ sanctuary somewhere between them, close to the river or some
other watering place. Measuring the angles which Sun takes through the year cycle and
comparing them with the angles between the sacred sites, the pagan priests had means to
accurately determine the days of religious festivals and the calendar in general. This means
that the major holidays were held at each solstice and each equinox, probably with some
correction regarding the lunar phases.
The number of sacred triangles have already been described on several Croatian sites mostly
by Vitomir Belaj. These are located in the area of Ivančica, Mošćenica [5], Žrnovnica [5, 6],
West Papuk [7], Zagreb [7], on the island of Pag [5, 8, 9] and in some other areas. It can be
concluded that the most important features of those triangles are the angle of about 23,5° and
the ratio between the two sides of the triangle which often amounted to 1: 2 . The angle of 23,4°
corresponds to the axial tilt of Earth which could be measured looking the Sun’s zenith
position from an equinox to the the consecutive solstice as was discovered by Andrej Pleterski.
An important feature of a sacred landscape system which I described in the lower course of
the river Krapina [10, 11] is a fact that from the centre of the area at Babožnica (Mokos’
sanctuary) 8 sacred points1 are located at intervals mutually related as 1: 2 . At the same
time of those 8 points, 5 of them form 3 sacred triangles together with Babožnica. The two of
them are identical in lengths and angles (the angles 23.5° and 34°). The ratio of the two
shorter sides of a triangle with angles 23,5°, 34° and 122,5° is also the ratio 1: 2 . I
discovered that the angle of 34° at the position of Babožnica corresponds to the
sunset/sunrise angle distance from an equinox to the the consecutive solstice. In contrast to
the angle of 23,5° this second angle changes with the latitude, which consequently means that
the ratio of the two shorter sides of such triangle also changes with latitude. But despite that,
the ratio 1: 2 probably had a special meaning to the pagan Slavic priests regardless of the
latitude and the Sun angles. This ratio is easy to construct in any landscape and it could be
used to indirectly measure the distance between any two vertices of an isosceles, rectangle
triangle (the triangle with angles 45°, 45° and 90°).
According to my research, the third angle of 15,5° (2/3 of 23,4°) also had an important role
because it served as a tool for determining four midseason holidays which were celebrated between
equinoxes and solstices, roughly at the dates: May 2, August 12, November 3 and February 8.
The angles likely had an important role, but there is the question weather the absolute values
of the distances between the sacred points were also important. This gave me the impetus to
build a mathematical apparatus by which it should be possible to examine whether the space
distribution of sacred sites also accounts the absolute values of the distance between them.
This paper is divided into three main sections. Section one describes mathematical algorithm
used to calculate the common modules between sacred sites in some individual landscape.
Section two tries to assess the effects of random and non-random distribution of points on the
proposed algorithm. Section three applies the algorithm to several real spatial distributions of
sacred sites.
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METHOD
The probability distribution of points around some central position will be calculated using
the properties of a geometric and arithmetic sequence depending on the values of the initial
term, the difference and the quotient of the progression respectively. If for some of the inital
parameters of the sequences the probability function for a given distribution of sacred sites in
some landscape shows to be significantly smaller than average, then it is an indication that
the respective distribution is not random.
By comparing the resulting modules for various Slavic regions it should be possible to
determine if among them there is a correlation. In that case it would be an indication of the
existence of the old Pan-Slavic units of length.
The general case is defined as a sequence of distances (D1, D2, D3, ...., Dk) measured from the
central point (S0) with the associated limits of tolerance (T1, T2, T3, ...., Tk) (Fig. 1).

Figure 1. Graphic representation of a sequence of distances D1, D2, D3, D4, ... from the central

point S0 with the associated limits of tolerance T1, T2, T3, T4, ...

The probability to find a sacred site within the n-th member of the sequence is equivalent that
its distance from S0 is greater than Dn –Tn and less than Dn +Tn. It can be expressed as a ratio of
n-th ‘ring’ surface to the total surface area observed (Dmax represents maximal radius from S0):
Pn 

Pn
(Dn  Tn )2 π  (Dn  Tn )2 π 4 DnTn
.


2
2
Ptot
Dmax
Dmax π

(1)

Since it does not matter in which of the rings a sacred point is located, we will calculate the
probability to find it within any of the rings.
This probability can be expressed through the relationship of the total surface area of all rings
whose radius is smaller than Dmax, to the total surface area observed:
4 k
(2)
p  2  DnTn .
Dmax n 1
uz Dk  Dmax < Dk+1, k = 0, 1, 2, ...
The likelihood P of any distribution of sacred sites in respect to such sequence may be
expressed with the formula for the binomial distribution:
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N!
.
(3)
n!( N  n)!
where p is the probability that a sancred point satisfies the conditions of belonging to any member
of the sequence, q = 1 –p the probability that a sacred point does not satisfy these conditions, N
the total number of sacred points, k the total number of sequence members Dk  Dmax < Dk+1,
k = 0, 1, 2, ..., and n the total number of sacred points which meet the conditions.
p  q Nn pn

In order to simplify the calculation, we express Dmax using a real number s,
s = Dmax/D.

(4)

GEOMETRIC SEQUENCE
A geometric sequence is a sequence of numbers where each term after the first is found by
multiplying the previous one by a fixed non-zero number, called the common ratio or
quotient. In the case of a geometric sequence with the initial element D, quotient Q, and
tolerance factor T (we assume that tolerance grows linearly with the sequence members), the
following equations for the n-th member of a sequence are valid:
Dn = Qn-1D,
(5)
n-1
Tn = T Dn = T Q D.
(6)
The probability pn that sacred site satisfies the conditions for the n-th member of a sequence
in this case is:
4 DnTn
4Q n 1DTQn 1D 4T 2(n 1)
.
(7)
pn 

 2 Q
2
Dmax
s 2 D2
s
The probability p that sacred site satisfies the conditions of any member of a sequence is:
4T k
4T Q 2k  1
.
(8)
p  2  Q 2(n 1)  2 2
s n 1
s Q 1
The total number of the sequence members k is obtained from the expression:
(9)
Qk –1D  Dmax < QkD,
logQ(s) < k  logQ(s)+1.
(10)
ARITHMETIC SEQUENCE
Arithmetic sequence is a sequence of numbers such that the difference between the consecutive
terms is constant. If the initial term of an arithmetic progression is D0 and the common
difference of successive members is D, then the n-th term of the sequence is given by formula:
Dn = D0 + (n –1)D.
(11)
In case of an arithmetic sequence with initial value D, difference D, and tolerance factor T
(tolerance depends only on D), the following equations for the n-th member of a sequence are valid:
Dn = nD,
(12)
Tn = T D = const.
(13)
The tolerance value for all members of a sequence is always the same since it depends only
on the difference value D. If we take a tolerance Tn to be dependent on the value of the n-th
member of a sequence (Dn), then the limit of tolerance after some number of members may
become larger than the spacing of adjacent members of the sequence, and such a calculation
would not make any sense.
The probability pn that sacred site satisfies the conditions for the n-th member of a sequence
in this case is:
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pn 

4 DnTn
4nDTD 4T
 2 2  2 n.
2
Dmax
s D
s

(14)

The probability p that sacred site satisfies the conditions of any member of a sequence is
4T k
2T
(15)
p  2  n  2 k(k  1) .
s
s n 1
The total number of the sequence members k is obtained from the expression:
Qk –1D  Dmax < kD,
s –1 < k  s.

(16)
(17)

ASSUMPTIONS
In all the calculations the elevation is not taken into account, since it would significantly
complicate the algorithm, and would not significantly contribute to the final result.
Also, the analysis accounts all the mutually visible locations that have some tradition of
worship, whatever their actual age, which in most cases is impossible to determine.
After receiving Christianity all of the newly established sacred points certainly did not take
into account the distances between them, so they should obey a random distribution and
therefore their influence on the final result, on average, should not have a significant impact.

PERFORMED TESTS
To assess the effects of random distributions on the result of the algorithm we will make
several tests. The behavior of the algorithm will be examined on random and non-random
distribution of points.
ARITHMETIC SEQUENCE – NON RANDOM DISTRIBUTION
Around central point, at intervals 500 m, 10 points are distributed 2 (Fig. 2).
The bar graph in Fig. 3 shows on the ordinate the logarithm of the reciprocal values of the
probability of the arithmetic sequences for every difference value D ranging from 100 m to
1499 m for the central point (0) from Figure 2. The probabilities are calculated using (3) with
T = 0,02D and Dmax = 10 000 m. The tolerance is taken to be 2 % of D as a reasonable degree
of accuracy in measurement, which for D = 500 m gives the absolute value of tolerance to be
10 m. Resolution of the abscissa is 1 m. The probability values are recalculated into the
logarithm of their reciprocal values, because that is most practical for the visualisation of the
result. The more improbable sequences get the higher values on the bar graph3 (Fig. 3).
From the graph it can be seen that the function of probability gives four major values of
probability which belong to the arithmetic sequences which have difference values D equal to
100 m, 125 m, 250 m and 500 m. It could be observed that the most improbable arithmetic
sequences belong to the modules which are subharmonics and harmonics of 500 m (Table 1).
If we calculate the probability distribution for the chosen center point in Fig. 2, its graphical
representation is as in Fig. 3. If we furthermore calculate the probability distributions for
every point in Fig. 2 and aggregate4 the results in a single graph, then such graph (Fig. 4) will
actually represent overall probability distribution for all points. If there is any common
module among any of them, such graph surely will reveal it. As we can see in Figure 4,
among all the points from Figure 2 there are no other significant common modules than those
shown in Figure 3.
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Figure 2. Ten points distributed at intervals 500 m apart. The distance between consequtive

circles is 500 m, Dmax = 10 000 m.

Table 1. The least probable arithmetic sequences, from data in Fig. 4. For four major values
of D/D0 the probabilities are bolded. Here D0 = 500 m.
D, m
log(1/p)
D/D0
100
1/5
13,936
125
1/4
13,925
200
7,700
2/5
250
1/2
13,872
400
6,037
4/5
500
1
13,768
666
5,978
4/3
1000
7,475
2
ARITHMETIC SEQUENCE – COMBINATION OF RANDOM AND NON RANDOM
DISTRIBUTIONS
Around central point, at intervals of 500 m apart, 10 points are distributed (the same points as
in Fig. 2) along with the 10 randomly distributed points5.
As can be seen from the graph in Fig. 5, the most improbable modules are not changed,
except that they become moderately more probable (the bars on the graph are lower) than in
the previous case (Fig. 3) in which there were only 10 non-random points on the same area.
The aggregate result (Fig. 6) for all the points generated (and shown in Fig. 7) also shows no
significant changes. The points do not conform to any other yet unknown module, although
ten random points were added.
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Figure 2 with T = 0,02 D, Dmax = 10 000 m and resolution 1 m.

Figure 4. Bar graph of aggregate values of probability of arithmetic sequences (the logarithm of the reciprocal values) for all the points from

T = 0,02 D, Dmax = 10 000 m and resolution 1 m.

Figure 3. Bar graph of probability of arithmetic sequences (the logarithm of the reciprocal values) for the central point (0) from Figure 2 with
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Figure 5 with T = 0,02 D, Dmax = 10 000 m and resolution 1 m.

Figure 6. Bar graph of aggregate values of probability of arithmetic sequences (the logarithm of the reciprocal values) for all the points from

T = 0,02 D, Dmax = 10 000 m and resolution 1 m.

Figure 5. Bar graph of probability of arithmetic sequences (the logarithm of the reciprocal values) for the central point (0) from Figure 5 with
A. Đermek
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Figure 7. Ten points from Fig. 2 with the addition of another ten randomly generated points.

The distance between circles is 500 meters as shown in the figure, Dmax = 10 000 m.

Figure 8. Ten points distributed according to the geometric sequence with quotient Q = √2 and

initial value D = 500 m. Geometric sequence is shown in the figure as a sequence of circles. In
this case Dmax = 10 000 m.
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GEOMETRIC SEQUENCE – NON RANDOM DISTRIBUTION
Around central point at geometric sequence intervals, with quotient Q = √2 and initial value
D = 500 m, ten points are added6 (Fig. 8, to be differentiated from Fig. 9).
From the graph in Fig. 10 it can be seen that the function of probability gives a number of
major values which are positioned exactly at the members of the geometric sequence
Dn = 500 2 n 1 m
(18)
for n equal to –3, –2, –1, 0, 1, 2, 3 and 4, and Dn = 125 m, 177 m, 250 m, 354 m, 500 m, 707 m,
1000 m and 1414 m, respectively.
The aggregated probability function for every point in Fig. 8 as we can see in Fig. 11 does not
reveal any other significant common module.
GEOMETRIC SEQUENCE – COMBINATION OF RANDOM AND NON RANDOM
DISTRIBUTION
Around central point at geometric sequence intervals with quotient Q = 2 and initial value
D = 500 m, ten points are taken from Figure 8, and additional ten points are randomly generated7.
As we can see from the graph in Fig. 12, the most improbable geometric sequence did not
change, except that its members become moderately lower on the graph than in the previous
case when there on the same area were only 10 non-random points.
But, the aggregate probability function for every point in Figure 11 as we can see in Fig. 13
does, besides already known geometric sequence Dn = 500 2 n 1 m, reveal one additional
moderately improbable significant geometric sequence with Dn = 456 2 n 1 m. This
secondary geometric sequence appeared despite random distribution of additional 10 points.
So we can conclude that such case is not so improbable.

Figure 9. Ten points from Fig. 8 with the addition of 10 completely random points. Diameters

of circles shown are distributed according to the geometric sequence quotient Q =
initial value D = 500 m and Dmax = 10 000 m.

136

2 with

Figure 11. Bar graph of aggregated values of probability of geometric sequences (the logarithm of the reciprocal values) for the central point
(0) from Figure 8. Parameters are Q = √2, D = 500 m, Tn = 0,015Dn, Dmax = 10 000 m and resolution is1 m.

Parameters are Q = √2, D = 500 m, Tn = 0,015Dn, Dmax = 10 000 m and resolution is1 m.

Figure 10. Bar graph of probability of geometric sequences (the logarithm of the reciprocal values) for the central point (0) from Figure 8.
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RANDOM DISTRIBUTION
Inside the area of 20 000  20 000 m2 it is distributed 10 points using the generator of random
numbers8. Fig. 14 shows probability function bar graph for geometric sequences of every
such point, and at the end the aggregate result. As we can see, there appear for most of the
points some not so probable geometric sequences, but generally nothing significant.
Fig. 15 shows probability function bar graph for arithmetic sequences of every randomly
generated points, and the aggregate result. As we can see, there appear for most of the points
some not so probable arithmetic sequences, but generally nothing significant.
CONCLUSION BASED ON THE PERFORMED TESTS
From the aforementioned test cases we can conclude that any arithmetic or geometric
sequence which is not a result of randomness and which is part of some intended system, will
appear with its subharmonics and harmonics in the bar graph of the probability function
despite any reasonable number of added points which are not part of the system. But, on the
other side, some moderately improbable arithmetic or geometric sequences can appear as a
result of completely random distribution of points.
So, if a real distribution of sacred points in some area really is a result of intention, we surely
will detect the used modules, but we will not be sure if they are a result of coincidence. On
the other side, comparing the resulting modules from various Slavic regions it should be
possible to determine if among them there is a correlation. Only then we could be reasonably
sure that the given modules are not the result of a coincidence.

THE REAL SPATIAL DISTRIBUTIONS
BABOŽNICA
Babožnica here in a broader sense references a system of 13 sacred points in the lower course
of the river Krapina in the northwestern part of Croatia very close to Zagreb, Fig. 16. The
central point of the system is located 170 m from the old meanders of the river Krapina and
40 m from the old course of the stream Bistra which is the major stream on the left bank of
Krapina in its lower course. That area is known as Babožnica9 or more precisely Vučinka
(‘the wolf’s place’) and in the tradition the area is connected with the famous semi-legendary
mill10. The precise location of Babožnica is taken to be the place which forms three sacred
triangles of which the two are identical in lengths and angles. Two triangles are with angles
23°, 34° and 123° while one triangle has angles 15,5°, 34° and 130,5° [10, 11].
This is the system which gave me the inspiration for the method, because around Babožnica I
detected geometric sequence which obeys the rule Dn ≈ 2500 2 n 1 m [11]. Conversion of
the geographic coordinates into the Cartesian rectangular coordinate system in this paper is
performed according to the formulas for the orthographic projection given in Appendix.
In Figs. 17, 18 and 19 locations of sacred points are shown for Babožnica and two other
sacred places, while corresponding bar graphs are shown in Figs. 20, 21 and 22.
Fig. 17 shows the bar graph for the geometric sequences around Babožnica. Initial values with
the most improbable sequences are presented in Table 2. From that table it could be seen that
this point really is a centre for the geometric sequence Dn ≈ 109,6 2 n 1 m (n = 1, 2, 3, 4, 5,
6, 7 and 8), which is equivalent to the sequence Dn ≈ 620 2 n 1 m (n = –4, –3, –2, –1, 0, 1, 2).
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(0) from Figure 8. Parameters are Q = √2, D = 500 m, Tn = 0,015Dn, Dmax = 10 000 m and resolution is1 m.

Figure 13. Bar graph of aggregated values of probability of geometric sequences (the logarithm of the reciprocal values) for the central point

Parameters are Q = √2, D = 500 m, Tn = 0,015Dn, Dmax = 10 000 m and resolution is1 m.

Figure 12. Bar graph of probability of geometric sequences (the logarithm of the reciprocal values) for the central point (0) from Figure 8.
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Figure 14. The bar graphs of values of probability of geometric sequences (the logarithm of the reciprocal values) separately for all randomly
generated points and aggregate result (marked with Σ). Here Tn = 0,15 Dn and Dmax = 10 000 m.
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Figure 15. The bar graphs of values of probability of arithmetic sequences (the logarithm of the reciprocal values) separately for all randomly
generated points and aggregate result (marked with Σ). Here Tn = 0,02 D and Dmax = 10 000 m.
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Table 2. Minimal values of probability of geometric sequences around Babožnica, D0 = 620 m.

D, m
109
155
219
310
438
620
877
1240

log(1/p)
4,62
5,72
5,72
5,72
5,72
5,72
5,73
5,74

D/D0
2 /4
1/4
2 /2
1/2
1/ 2
1
2

2

Table 3. Minimal values of probability of geometric sequences around St. Vitus in Javorje,

D0 = 620 m.

D, m
109
154
217
309
437
618
873
1235

log(1/p)
2,45
2,45
2,47
3,18
3,18
3,18
3,19
3,20

D/D0
1/(4√2)
1/4
1/(2√2)
1/2
1/√2
1
√2
2

Table 4. The minimal values of probability of arithmetic sequences around St. Anthony in
Gradna depending on start value/difference D, with D0 = 620 m.
D, m
log(1/p)
D/D0
414
2,363
2/3
620
4,399
1
827
2,312
4/3
1238
4,553
2
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Starting from the left these are St. Anthony in Gradna, St. Vitus in Javorje and Babožnica.

Figure 16. Map of the study area around Babožnica. The positions of three central sacred points are marked with the rectangles.
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Figure 17. Geometric sequence Dn = 620 2 n 1 m around Babožnica (with aproximation

of the old courses of Krapina and Bistra). The circles shown are distributed according to
the geometric sequence with Q = 2 and start value D = 620 m; Three sacred triangles
around Babožnica are emphasised. Sacred sites are denoted as follows11: 0. Babožnica,
1. St. John Jablanovec, 2. St. Peter Zaprešić, 3. Kameni svati, 4. Sljeme, 5. Zlatinice,
6. St. Nicholas Poljanica B., 7. St. Vendelin Donja Bistra, 8. St. Dorothea Jakovlje,
9. St. Mary Donja Pušća, 10. St. Catherine Hrebine, 11. St. Vitus Javorje, 12. St. Roch
Novaki B and 13. St. Andrew Bregovljani.

Figure 18. Geometric sequence Dn = 618√2n-1 m around St. Vitus in Javorje. Circles shown

in the figure are distributed according to the geometric sequence with Q = √2 and the initial
value D = 618 m. Sacred sites are denoted as follows: 0. St. Vitus Javorje, 1. St. Anthony
Gradna, 3. Kameni svati, 4. Zlatinice, 5. St. Nicholas Poljanica B., 6. St. Leonard Laduč,
7. St. Crux Cirnik, 8. St. Jacob Ponikve, 9. The Mokrice castle, 10. St. Mary Magdalene
Jesenice, 11. St. George Samobor, 12. St. Anne Samobor, 13. St. Anastasia Samobor,
14. St. Helen Samobor, 15. St. Trinity Sveta Nedelja, 16. St. Nicholas Strmec Samoborski,
17. St. Martin Podsused, 18. St. Roch Sveta Nedelja, 19. St. Mary Dobova, 20. St. Peter
Zaprešić and 21. St. Mary V. Dolina, while letter B denotes site Babožnica.
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Figure 19. Arithmetic sequence Dn = n620 m around St. Anthony in Gradna. Circles

shown in the figure are distributed according to the arithemetic sequence with distance
value D = 620 m. Sacred sites are denoted as follows: 0. St. Anthony Gradna, 1. St. Vitus
Javorje, 2. Kameni svati, 3. Zlatinice, 4. St. Leonard Laduč, 5. St. Crux Cirnik, 6. St. Mary
V. Dolina, 7. The Mokrice castle, 8. St. Mary Magdalene Jesenice, 9. St. George Samobor,
10. St. Anne Samobor, 12. St. Helen Samobor, 13. St. Trinity Sveta Nedelja, 14. St. Nicholas
Strmec Samoborski, 15. St. Martin Podsused, 16. St. Roch Sveta Nedelja, 17. St. Peter
Zaprešić and 18. St. Jacob Ponikve while letter B denots site Babožnica. Points 3., 4., 5. 9.
and 17. do not lie on the concentric circles.
Babožnica is special but it is only a reconstruction, more or less probable. So we will also
make the calculations for some other important points around Babožnica which are more
confirmed.
The Church of St. Vitus in Javorje is mentioned already in 1334 [14]. The visible points
(excluding Babožnica) around that church make the bar graph of geometric sequences in Fig. 21.
The bar shows the minimal values of probability at approximately the same values of length
(Table 3) as in the case of Babožnica, although the minimums are not so distinct because of a
noise which is mainly the result of much more visible sacred points.
From Fig. 18 we will further take the most closest point from St. Vitus which lays on a
concentric circle of the geometric sequence Dn = 619√2n-1 m. This is the point number 1 in
Fig. 18, a rather small chapel of St. Anthony in Gradna, across the Sava river. The distance of
this chapel from St. Vitus is the same as is the distance between Babožnica and St. Vitus. The
bar graph in Figure 22 shows the probability of arithmetic sequences around Gradna. It gives
the minimal values on the lengths which overlap with the lengths of the geometric sequences
around Babožnica and St. Vitus (Table 4). This is a rather interesting coincidence. It is
important to note that, along with that. St. Vitus in Javorje, St. Anthony in Gradna and
Kameni svati form the triangle with angles 23,3°, 34,0° and 122,7° whose sides are almost
exactly √2 times larger than the sides of the two identical triangles around Babožnica.
We can conclude that if there is any common module in the area of Babožnica then this
module surely has 620 meters in length.
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with Tn = 0,01Dn and Dmax = 10 000 m

(Babožnica excluded).

Figure 22. The bar graph of probability of arithmetic sequences around St. Anthony in Gradna; Dn = nD with Tn = 0,02D and Dmax = 10 000 m

(Babožnica excluded).

Figure 21. The bar graph of probability of geometric sequences around St. Vitus in Javorje, Dn = D√2

n-1

Figure 20. The bar graph of probability of geometric sequences around Babožnica, Dn = D√2n-1 with Q = √2, Tn = 0,015 Dn and Dmax =10 000 m.
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RÜGEN
On the island of Rügen in Germany it is possible to detect several sacred places from 9-13th
century. In that time the area was under pagan Slavic control. The exact locations of sites are
taken from the GoogleEarth map12. If some site covers a larger area, then the sacred point is
taken to be at the geometric centre (Fig. 23).
In the recent articles I detected there a sacred triangle Arkona-Venzer Burgwall-Rugard with
the angles 23°, 42° and 115° [10, 11]. The island of Rügen is located much further north than
Babožnica, so the angle which depends on latitude there is approximately 42,5°. The sacred
triangle gives the ratio of its smaller sides which is in no way related to the ratio 1: √2, but is
very close to the ratio 1: √3. Geometric sequence bar graph with Q = √3 around Venzer Burgwall
gives the probability mimimums at 150 m, 260 m, 450 m, 780 m and 1350 m (Fig. 25).

Figure 23. Map of the island of Rügen. The positions of sacred sites are marked with

rectangles.
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in Figure 24. Here T = 0,04D and Dmax = 47 000 m.

Figure 26. Bar graph of aggregate values of probability of arithmetic sequences (the logarithm of the reciprocal values) for all four points shown

Figure 25. The bar graph of values of probability of geometric sequences around Venzer Burgwall. Here Q = √3, T = 0,01Dn and Dmax = 47 000 m.

Figure 24. The locations of sacred sites on the island of Rügen. Longitude is 13 x E with x the number of angular minutes written for abscissa.
Latitude is 54 y W with y the number of angular minutes written on ordinate axis.
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It is also possible to build an aggregate bar graph of arithmetic sequences of all detected
sacred points which have some relation with the sacred angles. The result is given on the bar
graph in Fig. 26. The bar graph from Fig. 26 show the most improbable arithmetic sequences
at difference lengths in Table 5.
The bar graphs for all four points in Fig. 24. are given in Fig. 27.
Table 5. The minimal aggregate values of probability function of arithmetic sequences from

the bar graphs in Figure 25 and Figure 26.
D, m
Relation
591
677
873
2 617
1234
2617
1352
2676

log(∑(1/p))
2,777
4,404
4,411
3,024
4,416

Table 6. The distances between the points in Fig. 24 and their correlation with the least probable

arithmetic sequences from Table 5.
Pair of
points
Distance, m
Multiple
D, m
Multiple
D, m
Multiple
D, m
Multiple
D, m

0, 1

1, 4

0, 4

1, 2

0, 2

12 188 20 976 28 370 20 978 13 559
17
23
17
11
1234
1234
1234
1233
48
23
591
590
14
24
24
871
874
874
18
31
42
31
20
677
676
676
678
678

2, 3
6091

7
870
9
677

0, 3

3, 4

1, 3

2, 4

18 907 46 688 27 068 40 768
33
1235
32
79
69
591
591
591
31
873
28
69
40
60
675
677
677
679

From Table 6 and from Fig. 27 it could be seen that the arithmetic sequence with the
difference value approximately 677 m gives the minimum of probability for almost every
point from Fig. 24. There also could be seen a minimum at 1234 m which is approximately
the double of 617 m which is very close to the module at Babožnica. While this may be a
mere coincidence, the appearance of minimum at 873 m which is equal to 617 2 gives
some credence to this observation. The fact that all the distances between the points from Fig.
24 are multiples of length of approximately 677 m is rather interesting.
For the island of Rügen we can conclude that if there is any common module, then that module
rather probably is related to 677 m, and possibly also to 6172 = 1234 m and 617 2 = 873 m.
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from Fig. 24. Here T = 0,04D and Dmax = 47 000 m.

Figure 27. The bar graphs of values of probability of arithmetic sequences (the logarithm of the reciprocal values) separately for all the points
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PAG
The locations of the sacred points of „the Pag’s sacred triangle“[5, 8, 9] on island Pag in Adriatic
sea in Croatia (Fig. 28) are given on the excerpt from orthophotographic map13 (Fig. 29).
The precise location of the former Church of St. George is located with the help of the plan of
the ancient byzantine fort [12] which stood on the same hill previously (Fig. 30). Deviation of
the line St. Mary-St. George from the north is 1,17°, while the line St. Vitus-St. George forms
the angle of 23,2° with the east-west line. The bar graphs in Fig. 31 show the probability
minimums at the lengths listed in Table 7.
From Table 7 we can see that the modules of the sides of the Pag’s triangle are some multiple
of approximately 208 m and 167 m.

Figure 28. Map of the area where is located Pag’s sacred triangle. The positions of sacred

sites are marked with the rectangles.
Table 7. The minimums of probability function from the bar graphs in Figure 31.
D, m
Relation
log(∑(1/p))
1456
2,91
2087
834
2,89
2084, or 1675
578
2,80
1672√3
417
2,85
2082
289
2,82
167√3
167
2,83

151

A. Đermek

4428’

4427’

4426’
1500’

1501’

1502’

1503’

Figure 29. „Pag’s sacred triangle“. Numbers denote the following sacred sites: 0. St. George,

1. St. Vitus and 2. St. Mary.

SV. JURAJ Pag
+205

B

Figure 30. The hill of St George, Pag. Left: the plan of the byzantine fort superposed on

the orthophotographic map. Letter B denotes the position of the church. Right: dashed
line represents the line St. Vitus–St. George. That line crosses the diagonal of the Church
of St. George. The Church of St. George is denoted by the circle.
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from Figure 29 and in aggregation. Here Tn = 0,02 D and Dmax=10 000 m.

Figure 31. The bar graphs of values of probability of arithmetic sequences (the logarithm of the reciprocal values) separately for all three points
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INTERPRETATION
The absolute values of modules from Babožnica, Rügen and Pag are not the same, but some
of them can be mutually related as is shown in Table 8.
The module of approximately 620 m is very probably some multiple of the basic unit which
likely was in length less than a meter. To get a basic unit one needs to divide the module with
a divisor which is some round number, or a number with some significant meaning like the
number of months or the number of days in a year. The interesting resultant basic unit is the
one which is equal to 620/1200 = 0,517 m. This basic unite is practically the same with the
length of the Dubrovnik cubit (the cubit from Orlando’s forearm is 51,2 cm), Sumerian
Nippur cubit (51,84 cm) and Egyptian royal cubit (52,4 cm). Again, to be sure that this is not
only a coincidence, further data from more regions needs to be analysed.
The modules of 677 m from Rügen, and 167 m from Pag look very different. A possible
relationship between 677 m and aproximatelly 620 m is the formula 620 ≈ 1000677/(3365).
One may argue that the locations of sacred points are often predetermined by natural
landscape and its features (e.g. mountain peaks) and not by some assumed common Slavic
modules. This objection can be opposed in two ways. First, the pagan priests were able to
adjust the other sacred points according to the given fixed points. Secondly, the natural
confirmation of modules in some landscape might lead the pagan priests to interpret that
coincidence as a divine providence. Such landscape structures could become a place of
pilgrimage from distant areas. This was very probably true for the island of Rügen. The
sacred sites on that island surely were known far and wide. Also, the coincidence that the line
which connects the two natural peaks on the island of Pag (St. Vitus and St. George) is laid at
an angle of 23,2° from the east-west line, probably was a big motivation for the pagan priests
to choose those two locations for the sanctuaries. Babožnica might also gain some fame in
pagan time. It is placed within the boundaries of the old parish of St. Nicholas which was first
mentioned already in 1209 and is better known under the name Bistra. It is indicative that the
population of the neighboring parishes calls it ‘Stara Bistra’ (‘the old Bistra’) to distinguish it
from Marija Bistrica (‘the little Bistra’). Since Marija Bistrica is the largest Croatian
pilgrimage site, such a prominent epithet for a place which is today with respect to the
pilgrimage much inferior is indicative. In the town of Samobor there exists a belief that the
statue of black Madonna which is today placed in Marija Bistrica was before placed in the
Church of St. Nicholas in ‘Stara Bistra’ (to Marija Bistrica they reffer just as ‘Bistra’) [13].
The original location of the Church of St. Nicholas is uncertain and it is even possible that it
was located at the site of the present Church of St. John in Jablanovec, which is only 2,5 km
east of Babožnica [14]. The line which connects St. John and St. Mary in Pušća is laid at an
angle of 34° from the east-west line causing the sun looking from St. John to set on the
summer solstice in the direction of St. Mary. In the case of the Church of St. Mary in Pušća it
is preserved a legend which says something just in accordance with the aforementioned
assumption. The legend says that the builder chose the hill on which the Church of St. Mary
was built because of God’s providence14 [10]. The rods errected in the ground and the
measures of the church are mentioned as something very important. Perhaps it is no
coincidence that measuring rod and a coiled measuring cord were among the main insignia of
the Sumerian sun god Shamash and the godess Inanna.
Table 8. Relations between some of the modules from Babožnica, Rügen and Pag.

Babožnica
620 m
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Rügen
1234/2 = 617m
873/√2 = 617m

Pag

2083 = 624 m
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CONCLUSION
From the above analysis we can conclude that the proposed method gives indicative results.
We detected some common modules which certainly apply to a limited area. It is even
possible to make some correlation between the modules from three different regions.
It is also true that the proposed method is still in development phase and any result which it
gives must be simultaneously analysed and proved by means of other methods which take
into account also the time axis and cultural context. The method should be also further tested
on the other already recognized pagan landscape structures. Definite conclusions would
require extended analysis and only after that may be proved as a valuable auxiliary tool.

APPENDIX
Conversion of the geographic coordinates into the Cartesian rectangular coordinate system is
performed according to the formulas for the orthographic projection (EPSG dataset
coordinate operation method code 9840) [15]:
E  FE   cos sin(   0 )
N  FN  sin  cos0  cos sin 0 cos(   0 )  e 2 ( 0 sin 0   sin ) cos0



a
1 - e 2 sin2 

, 0 

a
1 - e 2 sin2 0

a  6378137
m
e  0.081819191

with the following notation utilised: FE – false easting (a constant used to avoid negative
values on the x coordinate), FN – false northing (a constant used to avoid negative values on
the y coordinate), E – x coordinate (easting), N – y coordinate (northing), λ – geographic
longitude, φ – geographic latitude, ν – prime vertical radius of curvature, λ0 –longitude of
origin and ν0 – prime vertical radius of curvature at latitude of origin.
Geographic coordinates of sacred sites in Croatia are taken from the orthophotographic maps
of ARCOD system, which is the project for the identification of land parcels in Croatia,
http://www.preglednik.arkod.hr. In the case of churches, precise location of the sacred points
is taken to be the main altar positions. Sacred points outside of Croatia are taken from
GoogleEarth maps.

REMARKS

A sacred point or sacred site in this article refers to any precise location which has some
worship tradition. This could be a church, a mountain peak, or any place associated with folk
story or legend with the mythological background. Every old church is assumed potentially to
be located at the site of a previous pagan shrine.
2
Coordinates of points: 0. (0, 0), 1. (5756, 1690), 2. (–4942, –4221), 3. (–3029, 1752),
4. (4903, –6320), 5. (–2443, –7617), 6. (2318, 9727), 7. (–1543, 8866), 8. (–16, -6499),
9. (675, 3942) and 10. (3899, –892). The points are distributed on the concentric circles by
using the pseudorandom function rand() initialized with srand(1). These functions are defined
in a computer programming language C. The circumferences of all concentric circles are
summed together giving the total length. Then the result of rand() << 16 + rand() function
which is less than the total length gives the position of a point on circumference of some
concentric circle counting the length from smaller to the bigger concentric circles.
3
The graph is ploted using the results of C++ function.
1
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The reciprocal values of probability for a certain value D for every point are summed
together and on the bar graph the logarithm of that summed value is ploted.
5
The points are distributed using random number generator at http://t.co/mriPYy8C. From the
list, only the points with the distance from the central point less than 10 000 m are taken. The
coordinates of randomly generated points are: 11. (3945, –4516), 12. (–4201, –2397), 13.
(2830, 8515), 14. (6293, –5236), 15. (–793, 1188), 16. (6714, –6599), 17. (–8111, 3197), 18.
(2741, 2307), 19. (–3010, –3276) and 20. (–2062, –185).
6
Coordinates of points: 0. (0, 0), 1. (4502, –6612), 2. (–436, –1344), 3. (–1412, 70), 4: (995, –92),
5. (–1622, 3656), 6. (–135, –3997), 7. (–731, –3932), 8. (617, 5622), 9. (–1360, 7883) and
10. (–7967, –724). The points are distributed on the concentric circles by using the
pseudorandom function rand() initialized with srand(2).
7
The same ten random points as in the case of arithmetic sequence, with coordinates given in
Remark 5.
8
The points are distributed using random number generator generated at
http://t.co/M3aPqM8s. Coordinates of the randomly generated points are: 0. (–3338, 3751),
1. (–7641, 2), 2. (–3955, 8410), 3. (517, 8888), 4. (3150, –2820), 5. (–9793, 4110),
6. (–4828, 2575), 7. (385, 1795), 8. (1587, 4910) and 9. (5491, –4298).
9
Possible etymology is: Babo-: ‘the old woman’; -božnica: ‘the god’s place’, ‘sanctuary’.
Babožnica begins at the point where ends the narrow strip of land between the old curses of
Krapina and Bistra which is called Maškunjka (possible etymology is ‘the male area’). So
there is maybe some space oposition between male and female principles, especially beacuse
of the phallic shape of Maškunjka. However, on the other side the name may derive from
aristocratic familiy Moscon.
10
According to the legend this mill was the place where the leaders of the Croatian-Slovenian
large peasant revolt of 1573 held secret meetings. The revolt and torture of the revolt leader
Gubec acquired legendary status. At that time the mill at Krapina in the area of Babožnica
really existed, but its precise location is not known.
11
Cult places in the vicinity of Babožnica with their coordinates are: Babožnica (45525105
15492430), St. John Jablanovec (45524922 15512019), St. Peter Zaprešić (45510236
15483769), Kameni Svati (‘Petrified Wedding Guests’) (45520953 15511482 ), Zlatinice
brijeg (‘Golden Mount’) (45514850 15513854), St. Nicholas Poljanica B. (45534548
15525792), St. Vendelin Donja Bistra (45541311 15511398), St. Mary Donja Pušća
(45545629 15465555), St. Catherine Hrebine (45542477 15452161), St. Vitus Javorje
(45514448 15455325), St Roch Novaki B. (45530576 15512670), Sljeme (45535740
15565084), St. Leonard Laduč (45530870 15425922), St. Crux Cirnik (SLO) (45514447
15381082), St. Mary V. Dolina (SLO) (45511488 15394339), St. Jacob Ponikve (SLO)
(45505247 15385230), The Mokrice castle (45513007 15403289), St. Mary Magdalene
Jesenice (SLO) (45511689 15413214), St. George Samobor-Giznik (45474538 15421322),
St. Anne Samobor-Giznik (45474818 15422040), St. Anastasia Samobor (45480490
15423892), St. Helen Samobor (45485506 15422243), St. Anthony Gradna (45492070
15441162), St. Roch S. Nedelja (45474531 15463674), St. Trinity S.Nedjelja (45475038
15464181), St. Nicholas Strmec Samoborski (45490044 15473068), St. Martin Podsused
(45492028 15500024), St. Dorothea Jakovlje (45560998 15520663), St. Andrew Bregovljani
(45551709 15472809), St. Roch Luka (45573854 15491237) and St. Mary Dobova (SLO)
(45534336 15394289).
12
with the following geographic coordinates: Rugard (54°25’18,38” N, 13°26’41,34” E),
Venzer Burgwall (54°30’06,54” N, 13°18’59,72” E), Garz Burgwall (54°18’51,11” N,
4
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13°20’49,01” E), Wallberg Zudar (54°15’35,30” N, 13°21’26,05” E) and Arkona
Jaromarsburg (54°40’35,77” N, 13°26’16,33”E).
13
with the following geographic coordinates: St. George Pag (44°27’21,70” N, 15°03’44,65” E),
St. Vitus Pag (44°28’36,27“ N, 14°59’41,73” E) and St. Mary Pag (44°25’48,08” N,
15°03’47,34” E).
14
The legend says: „While the lord of the land, Mato Bužan was in the hunt on the hill where
today is the chapel of the Mother of God, he fell asleep under some trees. He dreamed a
dream that he sleeps in the Church of the Mother of God. And when he woke he decided to
build a chapel there leaving erected stakes in the ground in the form of the future chapel. But
when he left the place, a shepherd called Dorčić who was keeping a cattle there, pulled out
the stakes and moved it back into the ground in the same form but now occupying a larger
area. When the lord reached the hill the second time he saw that his plan was extended, so he
believed that this was God’s providence and that he should build a bigger church there than
he initially intended...”
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RAČUNALNA ANALIZA PROSTORNOG RASPOREDA
SVETIŠTĀ PREDKRŠĆANSKIH SLAVENA
A. Đermek
Jablanovec, Hrvatska

SAŽETAK

U ovom radu predlaže se metoda za izračunavanje mjernih jedinica koje su koristili Slaveni prije prihvaćanja
kršćanstva. Metoda se oslanja na istraživanja o trodjelnoj strukturi slavenskih predkršćanskih svetih prostora
koju je otkrio Andrej Pleterski i koja ima pozadinu u središnjem slavenskom mitu o božanskoj borbi između
Peruna i Velesa. Mjereći kutove koje Sunce napravi kroz godišnji ciklus i uspoređujući ih s kutovima između
svetišta, poganski svećenici su mogli točno odrediti dane vjerskih svetkovina, ali i kalendar u cjelini. Ovaj
članak istražuje da li su osim kutova i apsolutne vrijednost udaljenosti između svetišta također bile važne.
Uporabljena metoda koristi matematička svojstva aritmetičkog i geometrijskog niza, ovisno o vrijednosti
početnog člana, razlike odnosno kvocijenta niza. Ako za neke od ovih parametara vjerojatnost prostorne
raspodjele svetišta na nekom području pokazuje vrijednost znatno manju od prosjeka, onda je to znak da dotični
raspored nije slučajan. Parametri niza u tom slučaju mogu ukazati na sustav mjera koje su korištene u izgradnji
svetog krajobraza. Predložena metoda u ovoj fazi je samo ilustracija, te se još uvijek ne može koristiti kao dokaz
zajedničkih panslavenskih jedinica duljine. Indicije dobivene ovom metodom potrebno je dokazati i pomoću
drugih metoda koje uzimaju u obzir vremensku os i kulturni kontekst. Metodu je potrebno dodatno testirati i na
drugim već poznatim poganskim krajobraznim strukturama. Tek nakon toga postoji mogućnost da se dokaže kao
vrijedna i korisna s mogućom primjenom u arheologiji, mitologiji i etnologiji.
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mitovi u prostoru, metrologija, arheoastronomija, prostorna analiza, raspodjela vjerojatnosti
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ABSTRACT
Even though there is long-held belief that urban populations are better off, or even favoured than rural
populations, the recent food and financial crises have highlighted the problem of urban food insecurity
in developing countries. Hence, the overall objective of this study was to examine the determinants of
food insecurity among urban households in Addis Ababa city. To do so, both descriptive statistics and
econometric analysis were employed. Descriptive statistics used Foster, Greer and Thorbeck
distributional measure of food insecurity while econometric analysis used binary logistic regression
model to analyze the data of a s et of socio-economic variables as explanatory variables and food
insecurity as independent variable.
The head count index shows that 58,16 % of the total households are below the food insecurity line.
The food insecurity gap and severity were 20 % and 9,4 %, respectively. The result of the logistic
regression model estimate indicates that out of the 10 factors included, 6 were found to have a
significant influence on t he probability of being food insecure at less than 10 % significance level.
The variables considered were household size, age of household head, household head education, and
access to credit, household asset possession, and access to employment.
Efforts should be made to improve income earning capacity of households, their education level with
particular focus on v ocational training, reduce household size with a view to reducing their
dependency ratio and access of credit to the needy and trained people needs to be provided with
proper targeting criterion.
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INTRODUCTION
Food is essential in human being’s life. Enough food in terms of quantity and quality for all
people is an important factor for a nation to continue its development. Lack of food in long
terms will lead to hunger and starvation that can cause death. So that enough food is a
necessity condition to be well nourished [1].
However, the world is home to over one billion under nourished people, over 98 % of whom
lives in the developing world [2]. The population of the developing world is becoming more
urban, with the urban population projected to double from 1,7 billion in 1995 to 3,4 billion in
2020 [3]. These countries are not capable enough to provide sufficient food for their
expanding urban population. This leads to increased food insecurity and prevalence of
poverty in the urban areas.
Urban populations in Africa are growing rapidly, and inequality is increasing. The major
urban food problems of the 1970s and 1980s, food shortage and price shocks, have apparently
been largely resolved at least in the short to medium term. Because of this, urban food security
having long been defined as the issue of feeding the cities has dropped off the political
agenda of urban planners and urban managers; indeed, specifically urban food security
problems in Africa receive little attention from national food or nutrition policy planners [4].
As in many developing countries, food security assessments in Ethiopia have traditionally
focused on rural areas, where the majority of the total population as well as the poorest and
most food insecure segments of the population lives [5]. Nevertheless, the global increase of
cereal and pulses price and the global financial crisis has put challenges on and increases
food insecurity in urban areas of the country. This further driven by unemployment,
underemployment, lack of sanitation, rising cost of living, reduced inter-dependency among
urban households, household composition, low asset ownership, low level of education, high
dependency on the informal sector, HIV/AIDS (estimated at 7,7 % prevalence in urban areas)
and increased population pressure due to natural growth and rural-urban migration [6].

REVIEW OF THE LITERATURE
Food security is defined in different ways by international organizations and researchers
without much change in basic concept. According to FAO, food security is defined as
ensuring that all people at all times have both physical and economic access to the food they
need [7]. World Bank defined it as access by all people at all times to sufficient food for an
active and healthy life [8]. Von Braun et al defined food security as access by all people at all
times to the food required for a healthy life [9]. In 1996, t he World Food Summit defines
food security as ‘Food security exists when all people at all times, have physical and
economic access to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life’.
Like as food security, food insecurity definition is forwarded by different researchers and
international organizations. According to World Bank, food insecurity can be defined as ‘the
lack of capability to produce food and to provide access to all people at all times to enough
food for an active and healthy life” [8]. Hamilton defined food insecurity as limited or
uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability
to acquire acceptable foods in socially acceptable ways [10]. In 1996, the World Food
Summit explain that food insecurity exists when people lack secure access to sufficient
amounts of safe and nutritious food for normal growth and development and an active and
healthy life. This definition of food security is the most widely used definitions of food
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security. This definition integrates stability, access to food, availability of nutritionally
adequate food and the biological utilization of food. Therefore, for the purpose of this study,
the definition put forward by World Food Summit (1996) was taken as a working definition of
food security and the household level is considered as the key unit of food insecurity analysis.
According to World Food Programme the main determinants of food insecurity in urban
context are: food availability, food supplies in to market, food access, purchasing power and
access to market and food utilization, health and morbidity status [6]. Von Braun et al.
denoted that food security is composed of availability of food, access to food, and risks
related to either availability or access [9]. Variation in national, regional or local availability
of food can contribute to food insecurity. Garrett and Ruel suggested that access that a
household has to food depends on w hether the household has enough income to purchase
food at prevailing prices or has sufficient land and other resources to grow its own food [11].
The study conducted by Bonnard showed [12] that household ability to achieve food security
in urban area is derived from the household’s human, material, and institutional resource
bases, which are often collectively referred in the literature as “food security factors.” These
factors include the educational and employment status, household demographics, urban
agriculture, assets, saving, formal social assistance or direct transfer, informal social
networks, access to clean water and sanitation and cost of living. The study of Urban
Livelihoods and Food and Nutrition Security in Greater Accra, Ghana indicated that
household food availability is a function of food prices, household demographics and
household tastes and preferences [3]. M.S.Swaminathan Research Foundation and the World
Food Programme in study of food insecurity Atlas of urban India [13], revealed that factors
such as unemployment, illiteracy, infant mortality rate, lack of toilet facilities and safe
drinking water, discrimination at social level and little political attention for urban areas
determine food insecurity in urban India.
Mucavele suggested [14] that the main factors that affect food security in urban Maputo,
Mozambique, are poverty, low family income, low availability of general alimentation at the
family level, floods, family crisis, high unemployment levels and low levels of schooling and
training and the absence of a social security system to alleviate the urban shocks. Von Braun
et al. denoted that [15] employment and wages, along with prices and incomes, play the
central role in determining the food security status of urban households.
The situation in Ethiopia is not much different from the conditions in other developing
regions. For example, World Food Programme stated [6] that the common factors that cause
household food-insecurity in urban areas of the country are: household size, age of household,
sex of household head, marital status of household, education level of household, dependency
ratio, access to credit, ownership of saving account, total income per adult equivalent,
expenditure level (food and non-food), asset possession, access to social services, owner of
home garden, access to subsidized food, sources of food, availability of food commodities,
and supply of food commodities.

IMPORTANCE OF THE STUDY
A study of determinants of urban household food insecurity is vital because it provides with
information that will enable effective measures to be undertaken so as to improve food
security status and bring the success of food security development programs. It will also
enable development practitioners and policy makers to have better knowledge as to where
and how to intervene in urban areas to bring food security or minimize the severity of food
insecurity. Area specific identification of determinants of the food insecurity will ease the
implementation of different development projects in the Addis Ababa city.
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STATEMENT OF THE PROBLEM
Though Ethiopia has abundant natural resources, most of its socioeconomic indicators are
extremely low. In Ethiopia food shortage has aggravated the already poor economy of the
country. Both chronic and transitory problems of food insecurity are widespread and severe
in both rural and urban areas of the country [16]. However, a lot of studies conducted so far
in the field give more emphasis to the rural area of the country [17-21]. But such partial
assessments do not verify situations at grass root level and hide the true food insecurity
problem of the country. Furthermore such studies do not look the underlying causes of food
insecurity of household at the urban settings. The extent of food insecurity problem differs from
place to place and in accordance to the social position and actual life conditions. So that research
undertaking in area of food insecurity at the Addis Ababa city is essential since the results
may give spot light to development planners in order to combat its problem at the urban level.

OBJECTIVES OF THE STUDY
The overall objective of the study was to examine the socio economic determinants of food
insecurity among urban households in Addis Ababa city. The specific objectives of the study were:
• to estimate the food insecurity gap and its severity among urban households, and
• to identify the determinants of food insecurity among urban households.

HYPOTHESES
• Households with larger size are more prone to food insecurity.
• Households engaged in more income generating activities are more likely to experience
food security.
• Households with access to credit service are less likely to face food insecurity compared to
those with less access.

RESEARCH METHODOLOGY
DATA SOURCES AND SAMPLE SIZE
The study used the 2006/07 Young Lives household survey conducted by Young Lives of the
Ethiopia. The survey gathered qualitative and quantitative data pertaining to social,
demographic and economic aspects of households. The method of data collection used
purposive and simple random sampling strategies. The selection of the sentinel sites followed
a purposive sampling strategy, whereas the household selection within each sentinel site was
done using simple random sampling. This is due to the research targeted the poor and food
deficiency areas of the city. Accordingly, 423 households were covered in Young Lives
household survey from Addis Ababa city. Therefore, the present analysis based on 423
sample households randomly selected from Young Lives site in the city.
METHOD OF DATA ANALYSIS
The data collected were subjected to both descriptive statistics and econometrics analysis
such as Foster, Greer and Thorbeck index of food insecurity and binary logit regression. A
separate food insecurity line was developed for area. To achieve this, the cost of basic need
method as proposed by Revalion and Bidani [22] was used. This is mostly done through
identifying the food insecure 50 % of the sample population as a reference group with the
assumption that in study area the food insecure part of society is above 50 %. The food
162

Determinants of food insecurity among households in Addis Ababa city, Ethiopia

consumption behaviour of the reference group accesses to determine average quantities in per
adult equivalent of basic food items that makeup the reference food basket. In this case, the
basket makes up of the mean consumption levels (purchase, remittance and from aid) of basic
food items. The calorie value of each food items constructs from World Health Organization
of the food nutrition table. The total calorie obtained from consumption of this basket of
average quantity per adult by an individual is:
*
∑ qi K i = T ,
i

(1)

T ≈ T*, but T ≠ T*. Here T* is total calorie obtained by individual adult from consuming the
average quantities, qi is average quantity per adult of food item i consumed by individual, Ki
the caloric value of the respective food item i consumed by individual adult and T is
recommended consumed calorie per day per adult for Ethiopia, i.e. 9210 kJ = 2200 kcal.
The average quantity per adult of each food item scales up and down by a constant value T/T*
so as to provide total of 9210 kJ = 2200 kcal per adult per day before doing any activities.
Then, multiply each food items after scaling up and down by the median price and sum up to
get a food insecurity line.
A household was then considered food secure or insecure if the daily recommended calorie
was equal or above and below the food insecurity line respectively. The degree of food
insecurity was estimated using the Foster, Greer and Thorbeck (FGT) equation shown as:
α

1 q  z − yi 
 ,
(2)
Pα = ∑ 
N i =1  z 
where α is the egree of food insecurity with values of 0, 1 and 2 for headcount, short-fall and
severity of food insecurity, respectively. Furthermore, in (2) N is total number of sample
households, q the number of food insecure households, Z is the cutoff between food security and
insecurity and yi is the measure of per adult equivalent food calorie intake of the ith household.
To examine the effect of demographic and socio economic characteristics on food insecurity
and the probability of household being food insecure, data were collected on variables such
as household size, household head age, sex, education, dependency ratio, access to various
services, access to credit service, access to employment, asset possession and food aid. On
the assumption that the probability of a household being food insecure is determined by
underlying response variable that capture the true economic status of the household, the
underlying response variable in the case of binary status was defined by binary logit
regression relation. Following Gujarati [23] and Green [24], the functional form of logit
model is specified as follows:
1
,
(3)
P(Yi = 1) =
−( β 0 + β i X i )
1+ e
For simplicity, we write (3) as
1
,
(4)
P(Yi = 1) =
−Z
1+ e i
where: P(Yi = 1) is the probability that a household being food insecure, Zi is the function of a
vector of n explanatory variables). Equation (4) is the cumulative distribution function. If
P(Yi = 1) is the probability of being food insecure, then 1– P(Yi = 1) represents the probability
of being food secured and is expressed as:
1
,
(5)
1 − P(Yi = 1) =
Z
1+ e i
thus we can write
163

G. Gezimu Gebre

P(Yi = 1)
(6)
= eZi .
1 − P(Yi = 1)
Equation (6) simply is the odds ratio, the ratio of the probability that a household will be food
insecure to the probability that it will be food secured. Taking the natural log of equation (6),
we obtain
P(Yi = 1)
(7)
Li = ln
= Zi ,
1 − P(Yi = 1)
where Li is the natural logarithm of the odds ratio which is not only linear in the explanatory
variables but in the parameters also.
Thus introducing the stochastic error term ui the logit model can be written as

Li = ln

P(Yi = 1)
= Zi ,
1 − P(Yi = 1)

(8)

Z i = β 0 + β1 X 1 + β 2 X 2 + ... + β n X n + ui ,

(9)

where β0 is an intercept and β1, β2, … βn are slopes of the equation in the model, and X is
vector of relevant household characteristics.

RESULTS AND DISCUSSIONS
DESCRIPTIVE RESULTS
This section reports the descriptive results of the study. Based on t he food insecurity
threshold point as a benchmark, 246 sample households (58,16 %) were found to be unable to
meet their minimum subsistence requirement and 177 hous eholds (41,84 %) were found to
meet their minimum subsistence require.
The FGT indices namely head count ratio, short-fall and severity of food insecurity are used
to show how much the magnitude of food insecurity looks like in the study area.
Table 1. FGT result of total food insecurity situation in the study area.
Total Food Insecurity
Variable
Standard
Lower and upper bounds of
Index
error
95 % confidence interval

Head count ratio
Short-fall
Food insecurity severity

0,58
0,20
0,094

0,024
0,012
0,007

0,532
0,176
0,080

0,628
0,224
0,108

Table 1 shows that the headcount ratio, short-fall and severity of food insecurity were 58 %,
20 % and 9,4 %, respectively. This implies 58 % of the sampled households cannot meet the
energy requirement recommended for subsistence. Each food insecure household needs 20 %
of the daily caloric requirement to bring them up t o the recommended daily caloric
requirement level besides their per capita income and the relative deficiency among food
insecure households is 9,4 %.
The estimated value of head count, food insecurity gap (short fall) and severity of food
insecurity by socio-economic characteristics of household has been analyzed as follows:
Table 2 shows that food insecurity was more severe in the large size household with food
insecurity, headcount index, short-fall index and severity as 80,71 %, 32,6 % and 16,27 %,
respectively. This fact indicates that food insecurity worsen as household size increased. This
increase incidence of food insecurity with increase in family size confirms the prior hypothesis
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Table 2. Estimated indices of food insecurity by socio economic characteristics of household.

Data were computed from conducted survey’s results.
Variable
Family size

Small (2-4)
Medium (5-7)
Large (≥ 8)

Head count
index

Short-fall index

Severity index

0,3132
0,5350
0,8071

0,0708
0,1701
0,3260

0,0264
0,0751
0,1627

0,5000
0,4955
0,6839

0,1551
0,1628
0,2496

0,0574
0,0759
0,1175

0,5645
0,6176

0,2008
0,2052

0,0937
0,0964

0,5662
0,7368

0,1968
0,2572

0,0918
0,1222

0,5371
0,6340

0,1868
0,2205

0,0871
0,1034

0,5528
0,5933

0,1998
0,2081

0,0082
0,0924

HH head age

≤ 25
26-45
≥ 46
HH head sex

Male
Female
HH head Education

Literate
Illiterate
Access to employment

Access to employment
Without access to employment
Access to Credit

Credit access
Without credit access

of this study. Food insecurity was high for age group of older than 45 years with food
insecurity headcount index, short-fall index and severity of 68,39 %, 24,96 % and 11,75 %,
respectively. This implies that incidence of food insecurity increased with age of household
head in the study area and/or the elder head households live great deprivation than younger
head households. Food insecurity was worse in female headed household with food insecurity
headcount index, short-fall index and severity of 61,76 %, 20,52 % and 9,64 %, respectively,
than the male counterpart of 56,45 %, 20,8 % and 9,37 %. This implies that males are to
some extent more engaged in income generating activities than females in the study area. The
food insecurity was concentrated in the group with illiterate having an estimated headcount
ratio, short-fall index and severity of 73,68 %, 25,72 % and 12,22 %, respectively. This
analysis implies that illiterate households are more food insecure than literate ones since
literate households are diversifying as well as increasing their means of income in order to
drag out of food insecurity situation and lead quality life.
High indices of food insecurity were recorded for households with access to employment
than no a ccess to an employment. The estimated food insecurity headcount ratio, short-fall
and severity for households without access to employment were 63,4 %, 22,0 % and 10,3 %,
respectively. The food insecurity was more severe in the group with no access to credit
service having an estimated headcount ratio, short-fall index and severity of 59,33 %, 20,8 %
and 9,2 %, respectively. This indicates that households with access to credit are less food
insecure than no access ones.
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ECONOMETRIC ANALYSIS
The result of the logistic regression model estimate revealed that out of the 10 factors, 6
variables were found to have a significant influence on the probability of being food insecure.
These variables include household size, household head age, household head education, asset
possession, access to credit service and access to employment. That means the coefficients of
family size and asset possession were statistically significant at 1 percent probability level of
significance where as age of household head, access to credit service and access to
employment were statistically significant at 5 % probability level of significance. Furthermore,
the coefficient of household head education was significant at 10 % probability level. The
coefficients of 4 explanatory variables, namely sex of the household head, dependency ratio,
food aid and access to various services, were not statistically different from zero at the
conventional levels of significance. The code, type, variable description and result obtained
from the binary logit model are presented in Tables 3 and 4, respectively.
Table 3. Description of variables included in the model estimation.
Code
Type
Description

Sizehh
Headage
Headsex
Dpratio
Foodaid
HeadEduc
Credit
Asset
Acemply
Accvar

Continuous
Continuous
Dummy
Continuous
Continuous
Dummy
Dummy
Continuous
Dummy
Dummy

Household size in number
Age of household in year
1 if household head is male,0 otherwise
Dependency ratio
Food aid
1 if household head is literate, 0 otherwise
1 if household got credit, 0 otherwise
Asset possession
1 if household has access to employment, 0 otherwise
1 if household has access to various service, 0 otherwise

In light of the above summarized model results possible explanation for each significant
independent variable are given consecutively as follows:
Family size: As pinpointed in various literatures, family size is identified as one of the
important demographic factors that affect household food insecurity status. In light of this it
was hypothesized that family size has positive relationship with food insecurity status of a
household, in such a way that households with large family size have better chance of being
food insecure than those with small numbers. In this study, the family size was found to be
highly significant to determine household food insecurity. The coefficient for family size was
found to be positively related with food insecurity and statistically significant at 1 p ercent
probability level. This indicates that larger household size tends to be food insecure compared
to smaller family size in the study area. This fully agrees with prior expectation. The
marginal effect of family size revealed that the probability of being food insecure will
increase by approximately 8,36 % with one additional family member in adult equivalent.
This result is in conformity with the findings of Frehiwot [18] and Abebaw [19].
Age of household head: This variable affects food insecurity status positively and
significantly at 5 % probability level in the study area. The positive relationship implies that
older age household heads have better chance to be food insecure than younger ones. This is
possible because older household heads are less productive and they lead their life by
remittance and gifts. They could not participate in other income generating activities. On the
other hand, older households have large number of families and their resources were distributed
among their members. The marginal effect of age of household head indicates that the
probability of being food insecure will increase by approximately 0,6 % when age of the
household increases by one year. This result confirms with other findings [18, 25].
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Table 4. Binary logit result for determinants of food insecurity. Data are output of the model.

For these data, pseudo R2 = 0,3606 and count R2 = 95,21 what implies prediction success.
Number of observations is 423, log pseudo likelihood –226,7324, Wald χ2(10) = 69,49 and
Prob > χ2 = 0,0000.
Variables

Sizehh
Headage
Headsex
Depratio
Foodiad
HeadEduc
Credit
Asset
Acemply
Accvarocons

Coefficient

Stand. Error

p-value

0,450141
0,0247641
0,0844804
0,211518
–0,0003625
–0,6293699
–1,062744
–0,0004323
–0,5441445
–0,227023
–1,046322

0,0533738
0,0098253
0,2522869
0,1457525
0,000471
0,3626464
0,4641304
0,0000904
0,239012
0,2536139
0,6996414

0,000***
0,012**
0,738
0,147
0,441
0,083*
0,022**
0,000***
0,023**
0,371
0,135

°dy/dx is for discrete change of dummy variable.
*
Significant at 10 % level.
**
Significant at the 5 % level.
***
Significant at the 1 % level.

Marginal
effect (dy/dx)

0,0836052
0,0060009
0,0204138°
0,0512559
–0,0000879
–0,1555647°
–0,2251101°
–0,0001048
–0,1307246°
–0,0553279°

Education level of household head: This variable affects food insecurity situation negatively
and significantly at 10 % probability level. The negative relationship indicates that literate
households are less food insecure than illiterate households. The possible explanation is that
household head education largely contributed on working efficiency, competency, diversify
income, adopting technologies and becoming visionary in creating conducive environment to
educate dependants with long term target to ensure better living condition than illiterate ones.
This is due to educated household head plays a significant role in shaping household
members. Thus, being literate reduces the chance of becoming food insecure in the sample
households. The marginal effect of the variable reveals that for literate households the
probability of being food insecure decreased by 15,55 %. The finding of this study was found
consistent with what had been found by Ojogho [25] and Aschalew [26].
Credit service: The sign of the coefficient of this variable showed a negative relationship with
food insecurity and is significant at 5 % probability level. The negative relationship implies
that households with access to credit service have less chance to be food insecure than
without access ones. This result is fully in conformity with the prior expectation. This is due
to the fact that credit gives the household an opportunity to be involved in income generating
activities so that derived revenue increases financial capacity and purchasing power of the
household to escape from risk of food insecurity. Moreover, it helps to smooth consumption
when household face with temporary food problem. The marginal effect of the variable
shows that for households with access to credit the probability of food insecure decrease by
22,51 %. This result confirms with the findings of others [19, 20, 27].
Asset possession: Ownership of consumer durable and productive asset affects food
insecurity status negatively and significantly at 1 % probability level in the study area. The
negative relationship may indicate that in the study area, households who own productive
assets like machinery, transportation and etc are less food insecure. This result fully agrees
with prior expectation. The marginal effect of asset possession implies that the probability of
being food insecure decrease by approximately 0,01 % as productive asset increase by one unit.
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Access to employment: This variable is significant at 5 % probability level. It has a negative
relationship with food insecurity in the study area. The negative relation indicates that
households who have access to employment are less likely food insecure than no access one.
Access to employment opportunities help to diversify and increase amount of income received
by households. The fluctuation in access to employment determines food insecurity of urban
households. Marginal effect shows that for households with access to employment the probability
of being food insecurity decrease by 13 %. This result confirms the finding of Maxwell [28].

CONCLUSIONS
The foregoing analysis attempted to analyze the determinants of urban household food
insecurity in Addis Ababa city. First, an attempt has been made to describe the socioeconomic characteristics of the food insecure and food secure sample household groups by
using descriptive statistics. Second, an attempt has been made to identify factors that
determine the urban household food insecurity using binary logit model of regression.
Accordingly, in the study area the proportion of people who are unable to fulfill their food
energy requirement in the year 2006/07 is 58 %. The percentage of food consumption needed
to bring the entire food insecure population to the food poverty line is 20 percent with 95 %
confidence interval of 17,65 % to 22 %. While the percentage of relative deficiency among
food insecure population is 9,4 % with “95 confidence interval” of 8 % to 10 %. The result of
the logistic regression model indicated that six out of ten variables namely household size, age
of household head, household head education, asset possession, access to credit service, and
access to employment were found to be statistically significant as determinants of household
food insecurity in the study area. Household size and asset possession were significant at less
than one percent probability level while access to credit service, age of household head and
access to employment were significant at less than 5 % probability level. In addition, the
household head education was significant at 10 % probability level. Household size and age
of household head were found to be positively related with probability of being food insecure
where as access to credit service, asset possession, household head education and access to
employment were negatively related with probability of being food insecure.

RECOMMENDATIONS
The possible areas of intervention that emanate from the results of the research study are
presented as follows: As household size and food insecurity are positively related serious
attention has to be given to limit the increasing population in the study area. This can be
achieved by creating sufficient awareness to effective family planning in the urban
households. Further, household heads are advised to reduce the size of their household and
their dependency ratio. Age has positive impact on f ood insecurity. This means older
households are more likely to be food insecure. Therefore, capacity building for old
household heads should be given. The effect of education on hous ehold food insecurity
confirms the significant role of the variable in consideration for betterment of living
condition. The more household head educated, the higher will be the probability of educating
family member and familiar with modern technology, which the twenty first century so badly
demands. So, strengthening both formal and informal education and vocational or skill
training should be promoted to reduce food insecurity in the study area. Productive assets are
highly binding resource in the study area and negatively related with food insecurity.
Therefore; development partner support ought to scale up on existing urban cash-based social
protection programs to ensure building up of assets for the asset poor households. Access to
credit can create an opportunity to be involved in economic activity that generates revenue to
households. Development partners operating in the study area should implement provision of
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credit to eligible households using targeting criterion that reflects actual characteristics of
food insecure households. The other pressing issue related to provision of credit is the
requirement of collateral and group lending procedure, which discourages so many
households. People are afraid of holding accountability for others so individual lending
should be considered as another option and collateral requirement should be avoided if there
is a need to lift food insecure households from their current situation. Borrowers should be
encouraged to save or contribute as matching fund to reach the limited resources over large
number of needy people. The access to employment opportunity negatively related with food
insecurity in the study area. Access to job helps urban households to diversify their income
which in turn alleviates the food deficiency among poor households. Therefore; both
government and civil society organizations have roles to play in addressing these issues. The
policy initiatives that will do most to enhance the potential for self-employment are basic
condition in reducing food insecurity in the city. Here again, certain preconditions apply.
This study has attempted to come up w ith the result of the analysis with defined scope
however a lot remained to be unanswered. To provide basic information on the determinants
of urban food insecurity, the social, political, natural and environmental dimensions, role of
urban agriculture in urban food insecurity, descriptive data on pur chasing patterns of food
insecure, specific characteristics that make urban poor more vulnerable to food insecurity
demands future researchers’ attention.

APPENDIX
Table A1. Nutritional Based Equivalence Scales. Calculated from data of the World Health

Organization (1985) by Stefen Dercon, cited in [29]. Data in cells are in kilocalories, with
1 kilocalorie ≈ 4,2 kJ.
Age

Men

Women

0-1
1-2
2-3
3-5
5-7
7-10
10-12
12-14
14-16
16-18
18-30
30-60
60-

0,33
0,46
0,54
0,62
0,74
0,84
0,88
0,96
1,06
1,14
1,04
1,00
0,84

0,33
0,46
0,54
0,62
0,70
0,72
0,78
0,84
0,86
0,86
0,80
0,82
0,74
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Table A2. Kilocalorie conversion for calculating food insecurity line.
Energetic
Median price
Monthly energetic value per
No.
Food item
value, kcal
of food items
adult equivalent per kg, kcal

1
2
3
4
5
6
7
8
9

Cereals
Pulse
Pasta/bread
Tuber
Oil
Vegetables
Salt
Sugar
Coffee

341
320
351
151
884
38
70
400
10

4,5
7
3,5
1
15
1
1,3
7
20

8,545871
0,498932
7,343987
1,859594
0,647204
0,891623
1,211637
0,560642
0,498932

Table A3. Binary logit out put logistic regression.

Number of obs = 423
Log pseudolikelihood = –226,324
Wald chi2(11) = 69,49
Pseudo R2 = 0,3606
Prob > chi2 = 0.0000
|
Robust
foodline
|
Coef. Std. Err.
Z
P > |z| [95 % Conf. Interval]
------------------+---------------------------------------------------------------------------------sizehh
| .3450141 .0533738
-6.46 0.000 -.2404035
-.4496248
headage
| .0247641 .0098253
-2.52 0.012 -.0055069
-.0440213
headsex
| .0844804 .2522869
-0.33 0.738 -.4099929
-.5789538
depratio
| .211518
.1457525
-1.45 0.147 -.0741517
-.4971876
foodiad
| -.0003625 .000471
-0.77 0.441 -.0012856
-.0005605
headeduc
| -.6293699 .3626464
-1.74 0.083 -1.340144
-.0814039
credit
| -1.062744 .4641304
-2.29 0.022 -1.972423
-.1530651
Asset
| -.0004323 .0000904
-4.78 0.000 -.0006094
-.0002552
accemply
| -.5441445 .239012
-2.28 0.023 -1.012599
-.0756897
accvaro
| -.227023
.2536139
-0.90 0.371 -.7240971
-.270051
_cons
| -1.046322 .6996414
-1.50 0.135 -2.417594
-.3249497
-----------------------------------------------------------------------------------------------------Table 4. Marginal effects after logit.

y = Pr(foodline) (predict) = .60636364
variable
| dy/dx
Std. Err.
z
P > |z| [ 95% C.I. ] X
------------------+---------------------------------------------------------------------------------------Sizehh
| .0836052 .01271
-6.58 0.000 -.058696 .108514
6.70922
headage
| .0060009 .00238
-2.52 0.012 -.00134 .010662
45.6123
.321513
headsex*
| .0204138 .06076
-0.34 0.737 -.098679 .139506
depratio
| .0512559 .03531
-1.45 0.147 -.017947 .120458
.982215
foodiad
| -.0000879 .00011
-0.77 0.442 -.000312 .000136
93.1775
headeduc
| -.1555647 .0894
-1.74 0.082 -.330788 .019658
.118203
credit*
| -.2251101 .08007
-2.81 0.005 -.382053 -.068167 .910165
Asset
| -.0001048 .00002
-4.65 0.000 -.000149 -.000061 1945.3
accemply*
| -.1307246 .05645
-2.32 0.021 -.241371 -.020078 .531915
accvaro*
| -.0553279 .0621
-0.89 0.373 -.177041 .066385
.321513
-----------------------------------------------------------------------------------------------------------*

dy/dx is for discrete change of dummy variable from 0 to 1
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SAŽETAK
Unatoč dugogodišnjem vjerovanju kako urbana populacija živi bolje i favoriziranije od ruralne populacije,
nedavna kriza hrane i financijska kriza istaknule su problem nesigurnosti opskrbe hranom urbane populacije
zemelja u razvoju. Zbog toga je opći cilja ovog rada ispitivanje odrednica nesigurnosti opskrbe hranom urbanih
kućanstava u Adis Abebi. Pritom su primijenjene deskriptivna i ekonometrijska analiza. Deskriptivna statistika
koristi distributivnu mjeru nesigurnosti u opskrbi hranom kako su je uveli Foster, Greer i Thorbeck.
Ekonometrijska analiza koristi binarni model logističke regresije za analizu podataka skupa socio-ekonomskih
varijabli kao eksplanatornih varijabli, a nesigurnost u opskrbi hranom kao neovisnu varijablu.
Indeks broja glava pokazuje kako je 58,16 % svih kućanstava ispod linije nesigurnosti opskrbe hranom. Procijep
nesigurnosti opskrbe hranom i ozbiljnost iznose 20 % , odnosno 9,4 %. Rezultati procjene pomoću modela
logističke regresije pokazuju kako od 10 uključenih varijabli njih 6 značajno utječe na nesigurnost u opskrbi
hranom na razini značajnosti od 10 %. Razmatrane varijable su veličina kućanstva, dob glave obitelji,
obrazovanje glave obitelji, dostupnost kredita, vlasništvo i dostupnost obrazovanju.
Potrebno je unaprijediti mogućnost prihodovanja kućanstava, obrazovnu strukturu s naglaskom na strukovnom
obrazovanju, smanjiti veličinu kućanstava radi smanjivanja njihove ovisnosti. Nadalje, potrebno je unaprijediti
dostupnost kredita, a osposobljenim ljudima omogućiti primjerene ciljeve.
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hrana, nesigurnost opskrbe hranom, vjerojatnost nesigurnosti opskrbe hranom, ozbiljnost, urbano
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ABSTRACT
This study analyzes the relationship between knowledge, attitude, and behaviour of the urban poor
householders concerning solid waste management systems and monthly household income and
education. To attain the objective, the study employed statistical techniques such as t-tests of equality
of means, one-way ANOVA, 2 „likelihood ratio“ test and simple descriptive statistics. The findings
show that the urban poor communities with low income and education have been proven to behave in
ways matching with and conducive to environment-friendly solid waste management, for instance, by
practicing recycling and waste source reduction. This study also proves that the urban low-income
communities generally have a very proactive role from a sound environmental management
perspective, as they are the main recyclers and source-reducers of solid waste. The study suggests that
policies should be formulated to focus on promoting knowledge, education, skills, and empowerment
of the urban poor as means of promoting their living conditions.
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INTRODUCTION
Malaysia is becoming more prosperous, industrialized, and urbanized nation due to its rapid
economic growth over the past decades. One of the major consequences of Malaysia’s rapid
urbanization and social transformation is a greatly increased generation of municipal solid
waste. Due to population growth and increasing consumption, the amount of solid waste
generated in Peninsular Malaysia increased from 16 200 t per day in 2001 to 17 000 t in 2007
(Figure 1). This indicates that an average of 0,85 kg of waste is generated per person per day
with an increasing trend in waste generation. Over the period from 1991 to 2020, waste
generation is estimated to increase by an average of 3,24 % per annum, although this is expected
to fall subsequently in later years with measures to be taken for waste minimization [1]. In
Malaysia, the environmental problems originating from improper management of solid waste
management are mainly related to the people living in urban underdeveloped areas and
informal settlements. Since the government has been working to minimize developmental
disparity throughout the country and resettle the urban poor in low-cost flats and longhouses,
the problems of urban poverty and resulting solid waste management are expected to be
minimized in the years to come. At present, 76 % of municipal solid wastes are disposed of
properly while the rest is thrown into illegal dumps, drains, canals, and rivers [2]. Disposal
methods for municipal solid waste in Malaysia comprise of 10 % composting, 50 % open
dumping, and 30 % land-filling [3]. While the overall condition of solid waste management in
Malaysia can be considered as satisfactory, the urban squatter households and low-cost flat
dwellers still suffer from inadequate service provisions of household waste disposal and collection.









About 17 000 t of waste are generated per day in Peninsular Malaysia.
Average per capita generation of waste is 0,85 kg per day.
Per capita generation of waste in Kuala Lumpur is about 1,5 kg per day.
About 76 % waste generated is collected by private and municipal waste collection agencies.
1 % - 2 % waste is recycled and the rest is taken to disposal sites.
Over 40 % of 179 disposal sites are being operated as dumpsite.
Intermediate treatment is limited to small-scale thermal treatment plant in resorted islands.
Generation of solid waste is expected to reach 30 000 t per day in 2020.
Figure 1. Solid waste management condition in Malaysia [2].

In Kuala Lumpur city, the problem of solid waste disposal is very often related to the squatter
and low-cost flat households. The waste generated from the squatters or informal settlements
of Kuala Lumpur city amount to about 200 t per day [4]. As squatter areas are generally
undeserved, only half of this amount is collected each day from central collection points [5].
The same estimation shows that squatters dispose of their waste as follows: 49,7 % in waste
site allocated, 31,9 % by open burning, 6,5 % into the rivers, and 5,2 % by others means.
That means inadequate and traditional waste management systems are the norms in the
squatter areas. Open dumping of wastes has been practiced in Kuala Lumpur over the years
and is still prevalent today. Since the dumpsites do not have proper measures to control
rainfall and run-off, consequently large quantities of discharge are formed which pass into
downwards and pollute the groundwater.
Moreover, household and municipal wastes and their disposal pose an enormous challenge to
environmental managers in Kuala Lumpur. Because, a day lost in collection leads to a piling
up of these wastes and under the hot humid condition, the wastes decompose very rapidly,
producing obnoxious odour and attracting flies and vermin. The inadequate or traditional
system of waste management does not affect only the local environment and health but also
equally the neighbouring environments and communities. The disposal of waste is also a
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major problem to the low-cost flat dwellers, because of their improper methods of waste
disposal making them a high-risk group for contracting and spreading infectious diseases.
Many endemic diseases such as diarrhoea, typhoid, food poisoning and infant mortality are
common among them.
However, the problem of solid waste management is still perceived as an unresolved problem
experienced by the developing countries. In Malaysia, this problem has been considerably
resolved by the appropriate actions and policies taken by the government engaging both the
public and private sectors. But the environmental problems related to solid waste
management systems amongst the squatters and low-cost flat dwellers in Kuala Lumpur city
are more acute and thus they also require appropriate actions and policies to be taken by the
respective authorities. The present study is an attempt to analyze the relationship between
personality traits such as, knowledge, attitude, and behaviour of the urban poor householders
with regard to solid waste management systems and monthly household income and
education, since it is very often believed that the people with low levels of income and
education have a tendency to degrade the environment by practicing improper methods of
environmental management systems. Although this study emphasizes on the solid waste
management systems of the urban squatters and low-cost flat dwellers, it also considers the
other environmental management systems that are consequential to their daily livelihood.

RESEARCH METHODS
SOURCES OF DATA AND SAMPLE DESIGN
The analysis of this study is based on primary data collected recently from three areas of
squatter and low-cost flat dwellers in Kuala Lumpur. The data for this study was taken to
reflect the level of living condition and the management system of solid waste of the squatter
and low-cost flat households in Kuala Lumpur City. Therefore the squatters and low-cost flat
houses were chosen for the field survey. Trained interviewers paid their visits for several
times in each study area. The interviewers had conducted the interviews with the persons who
were the heads of the households, the wives, or persons responsible for the economic decision
for their families, and older than 18 years.
The overall sampling design for the study can be described as „stratified quota random
sampling” with the key stratification variable „characteristics of household“. In the first stage,
the household to be surveyed had been selected purposively through a preliminary
„windshield survey“ in which the general characteristics of squatters or low-cost flat houses
are found to exist. For doing this, enumerators were assigned to particular household types in
each area, with minimum interview-quotas for each household-type. Then, to interject
randomness into the sampling plan, enumerators had been advised to seek interviews with
every second or third home on a particular street. A total of 300 household heads were
interviewed from three parliamentary areas of Kuala Lumpur within which 100 households
were selected from each area following the ratio of 60 % and 40 % for the squatters and
low-cost flat dwellers, respectively.
SELECTION OF STUDY AREAS
The study was undertaken in three parliamentary areas of the Federal Territory of Kuala
Lumpur. The parliamentary areas are Kepong, Segambut, and Titiwangsa and the respective
squatter areas that have been surveyed are Jinjang Utara Tambahan, Sentul Pasar, and Datuk
Keramat. It has been observed that most of the low-cost flats are situated at the places other
than squatters and most of these are also scattered. Although a substantial number of low-cost
flats are located at Jinjang Utara Tambahan that fulfilled the requirement of the sample size
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ratio of the study but their distribution was scattered in both Datuk Keramat and Sentul Pasar.
However, there have been two low-cost flats selected from the area of Sentul Pasar, namely
Flat Sri Terengganu and Flat Sri Kelantan. Sentul Pasar is an area, which was considered
within the broader boundary of Sentul Utara. To cover the sample size ratio in the study,
three low-cost flats have also been selected from Datuk Keramat area. The selected flats are
Flat Pangsa Murni, Flat Seri Perlis 2, and Flat Keramat Jaya and all they are located at the
centre place of Datuk Keramat area.
Selection of these three areas for the study was based on two criteria. First, the poverty
groups that are observed to exist within the federal territory of Kuala Lumpur are
predominantly concentrated in the squatter areas. But there are also a considerable number of
the urban poor that are living in the low-cost flats. Thus, to have the actual information on the
poverty threshold, squatters and low-cost flats were chosen as the level of living condition of
urban poor. Second, the study focuses on population that are ethnically multiracial comprised
of a nation of Malay, Chinese, and Indian.
To interject all the ethnic groups into the study, three different areas of squatters and low-cost
flats have been selected with a view that an individual ethnic group must be dominant in each
area. From this viewpoint, three areas of squatters and low-cost flats were selected within
which an individual ethnic group was found to be dominant. The study covered such the areas
from Kuala Lumpur in which Chinese were found to be the most dominant group in Jinjang
Utara Tambahan while Indians and Malays were found to be the most dominant groups in
Sentul Pasar and Datuk Keramat, respectively.
QUESTIONNAIRE PREPARATION
To collect the primary data from the level of living condition of urban poor, a structured
questionnaire was developed iteratively over time. Initial iterations involved improvements
based on discussions among the researchers involved in this research. The questionnaire was
designed with a view that it could fulfil the requirements of the variables that have been
considered for statistical analysis. However, the final changes were made, based on
comments and results of pre-testing the final draft questionnaire. The original questionnaire
was prepared in Bahasa Melayu. A relatively large proportion of respondents in Jinjang Utara
and Sentul were more fluent in languages other than Bahasa Melayu. For this reason, multilingual enumerators had been engaged for these two areas and the interviews were conducted
in languages most familiar to individual respondents. Since the second most common
language is English, the original questionnaire was further translated into English to enable
English-friendly respondents to answer. In cases of Mandarin, Cantonese, and Tamil,
enumerators translated questions „on the spot“ which were further verified by the researchers.
TECHNIQUE OF ANALYSIS
All the data were coded directly on questionnaires and then entered into personal computer.
Descriptive statistics such as, means, ranges, and frequency distributions were computed for
all variables in the original questionnaire, and for selected variables that were created for use
in multivariate analysis. The statistical significance of three types of differences between and
among variables was determined by three types of tests. For example, the significance of
differences for continuous variables between pairs of means, by „t-tests of equality of
means“, and between more than two means such as differences among the three areas, by
one-way analysis-of-variance (ANOVA) tests [6]. Besides, the significance of differences for
discrete variables between and among observed and expected frequencies was examined by
2 „likelihood ratio“ test.
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RELATIONSHIP BETWEEN HOUSEHOLDERS’ „KNOWLEDGE“
REGARDING SOLID WASTE MANAGEMENT AND HOUSEHOLD
INCOME AND EDUCATION
RELATIONSHIP BETWEEN „SOURCE REDUCTION“ OF WASTE MATERIALS
AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
More than 41 % of all respondents reported that they have heard about „source-reduction“ of
waste that means, measures taken by agencies and individuals to keep waste from entering the
waste stream (in contrast with „recycling“ which is finding a benign use for waste that enters
the waste stream). Percentages of such respondents differ significantly among areas (P  0,01),
with the highest percentage of 75,0 % in Datuk Keramat, followed by 37,0 % in Jinjang Utara
and 13,0 % in Sentul. The percentages of respondents who have heard about „source-reduction“
of waste are directly and significantly related to monthly household income (P  0,01), with the
percentages of respondents hearing about „source-reduction“ of waste for the following most
important income ranges, in Malaysian ringgit (MYR) as follows: 48,2 % for „less than or
equals MYR 2000“, 75,0 % for MYR 4501-5000, and 100,0 % for MYR 5001-6001.
Moreover, the percentages of respondents who have heard about „source-reduction“ of waste are
also directly and significantly related to education level (P  0,01), with the percentages of
respondents hearing about „source-reduction“ of waste for the following education levels as
follows: 10,3 % for „no schooling“, 23,5 % for „primary school“, 47,7 % for „junior high
school“, 59,6 % for „secondary school“, 90,9 % for „higher secondary“, 75,0 % for
„diploma“, and 66,7 % for „first degree“.
By far the most common sources of information about „source-reduction“ of waste for all
respondents collectively are television (95,2 % of respondents who have heard about
„source-reduction“ of waste) and newspapers (91,2 %), followed by „other sources“ (9,6 %),
local town authority (7,2 %), and private waste contractor (5,6 %). The most important information
sources in Jinjang Utara are television (100,0 %) and newspapers (83,8 %). Most important
sources in Sentul are newspapers (84,6 %) and television (76,9 %). In Datuk Keramat, both the
information sources of television and newspapers are most important with the same percentage
(96,0 % each). Both in Jinjang Utara and Sentul, „other sources“ also represents a significantly
important (P  0,01) information source. Among the other sources, local and foreign magazines
and source-reduction campaign by local people are important. Local town authority and private
waste contractor are also important in Jinjang Utara with the same percentage (16,2 %), but the
levels of significance are different. However, the levels of significant differences for the two
above-mentioned information sources are P  0,05 and P  0,01, respectively.
RELATIONSHIP BETWEEN HOUSEHOLDERS’ RECYCLING AND MONTHLY
HOUSEHOLD INCOME AND EDUCATION
In total 93 % of all respondents indicated that they have heard about recycling program. The
percentages differ significantly among areas (P  0,01); with the all respondents in Jinjang
Utara have heard about it. The next highest percentage of respondents who have heard about
recycling program comes from Datuk Keramat (95,0 %) and the lowest from Sentul (84,0 %).
By far the most common sources of information about recycling program for all respondents
collectively are television (99,0 % of respondents who have heard about recycling program)
and newspapers (91,0 %), followed by other friends (15,0 %) and children in school (14,0 %).
The most important information sources in Jinjang Utara are television (100,0 %),
newspapers (80,0 %), other friends (19,0 %), and private waste contractor (15,0 %). Most
important sources in Sentul are newspapers (100,0 %) and television (97,0 %). In Datuk
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Keramat, they are television (100,0 %), newspapers (96,0 %), children in school (38,0 %), and
other friends (19,0 %). Both in Jinjang Utara and Datuk Keramat, television is a significantly
more important source of recycling information (P  0,10). In Sentul, compared to other
areas, newspapers are a significantly important source of recycling information (P  0,01). In
all the areas, other important information sources such as other friends’ (P  0,05), children
in school (P  0,01), private waste contractor (P  0,01), and local town authority (P  0,05)
also differ significantly.
Several information sources are significantly associated with monthly household income. As
a source of information on recycling, newspapers are directly related to income (P  0,01).
The relationship between other friends (a source of information on recycling) and monthly
household income is generally inverse and statistically significant (P  0,10). Although, the
relationships between „children in school“ (P  0,10), „neighbours“ (P  0,10), and „other
Sources“ (P  0,05) and monthly household income are statistically significant, but with no
patterned relationship with income.
Three sources of information on recycling are significantly associated with education level of
respondents. Television is directly related to education level (P  0,01), with only 95,0 % of
respondents having an education level of less than primary school learning about recycling
from television. All the respondents with an education level of primary school or higher
learned about recycling from television. Newspapers are also directly related to education
level (P  0,01), with percentage of respondents, having the education levels between
primary school and secondary school and who learned about recycling from newspapers,
ranging from 78,0 % to 100,0 %. All the respondents with an education level of higher
secondary school or higher learned about recycling from the same source. As an information
source on recycling, other sources such as local and international magazines are also directly
related to education level (P  0,01), with no respondent with an education level of secondary
school or less has heard about recycling from magazines. Respondents with an education
level of higher secondary school or higher have heard about recycling from magazines.
The results of the study show that significantly more recyclers than non-recyclers have heard
about recycling from television and newspapers. The results also show that there is no
significant relationship between recyclers and monthly household income. In addition, the
relationship observed to be neither direct nor inverse, rather a mix relationship has been cited
within the different ranges of monthly household income. But, the relationship between recyclers
and education level of respondents is generally inverse and statistically significant (P  0,01).
Chi-Square tests show that the higher the levels of education of respondents, the lower the
percentages of non-recyclers. Thus, the results of the study fail to receive support to the
assumption that low-income householders are reasonably motivated to recycle waste
materials due to their economic constraints. Moreover, the level of education also does not
influence householders to recycle their household waste materials.

RELATIONSHIP
BETWEEN
HOUSEHOLDERS’
TOWARD SOLID WASTE MANAGEMENT AND
INCOME AND EDUCATION

„ATTITUDE“
HOUSEHOLD

RELATIONSHIP BETWEEN SOURCES OF DISSATISFACTION WITH WASTE
CONDITIONS AND MONTHLY HOUSEHOLD INCOME
The relationship between all the individual sources of dissatisfaction with local waste
conditions and monthly household income is statistically significant, except for the view with
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„people in this area dispose of waste everywhere“, which is not significant at P  0,10 level.
The relationship between the two highest sources of dissatisfaction („areas around public
dust-bins are dirty“ and „dogs, cats, and big rats search for food in the waste“) and monthly
household income is direct and statistically significant (P  0,01). The relationship between
all other sources of dissatisfaction and monthly household income is also direct and statistically
significant at P  0,01 level, except for the third, sixth, seventh, eighth, and ninth sources of
dissatisfaction (Table 1) that are significant at levels P < 0,05, P < 0,05, P  0,10, P < 0,05,
and P < 0,05, respectively. In addition, respondents’ views on all the sources of dissatisfaction
with the waste conditions in their residential areas differ significantly among households with
different ranges of monthly income, but with no patterned relationship to income. The source
of dissatisfaction with „people in this area dispose of waste everywhere“ has no patterned
relationship with income, and also differs not significantly among areas (P  0,10).
RELATIONSHIP BETWEEN SOURCES OF DISSATISFACTION WITH WASTE
CONDITIONS AND EDUCATION LEVEL
The relationship between all the individual sources of dissatisfaction with local waste
conditions and respondents’ education level is statistically significant, except for the following
sources that are not significant at P  0,10 level: „when waste collectors collect waste, they
don’t collect all the waste“, „dust-bins supplied not covered“, „public dust-bins are too far
from my house“, „areas around public dust-bins are dirty“, and „mosquitoes, flies or vermin
are attracted to waste“. But the relationships involving all the sources of dissatisfaction and
education level are direct, also with no patterned relationship with education.
RELATIONSHIP BETWEEN RESPONDENTS’ VIEWS ON PRESENT WASTE
SITUATION AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
Of the all respondents, 47,0 % view the waste situation to be the same today compared to 5
years ago. Nearly 24,0 % indicate the situation has been better and 15,0 % say it has turned to
be worse. Differences among areas are statistically significant (P < 0,05). The most common
indications of improve waste conditions today amongst the low-cost flat dwellers in Sentul
are recycling program is provided including provisions of yellow recycling boxes and waste
collection services are provided more frequently and in accordance with the schedule. In
Datuk Keramat, the relevant views are more public dust-bins are provided to individual lowcost flats, followed by waste collection services more frequently and in accordance with the
schedule, more public dust-bins are provided to squatter areas, and waste collection services
are more efficient. But, no common indication of improved waste conditions today was
reported in Jinjang Utara.
On the other hand, of those indicating that waste conditions today are worse compared to 5 years
ago, the most common source of dissatisfaction is less frequent and regular waste pick-up,
followed by inadequate cleaning of drains and lack of professional responsibility. As many as
71 respondents indicated the opinion that waste collection services today are more frequent
and regular, while 46 indicated the services are less frequent and regular. This seemingly
contradictory finding apparently reflects waste services conditions that either differs from
place to place within the areas studied or are perceived differently by different respondents in
Squatters and Low-cost Flat houses.
The relationship between respondents believing that their neighbourhood waste conditions
are better today, compared with 5 years ago, and monthly household income is direct and
statistically significant (P < 0,05), with no patterned relationship to income. Such a belief have
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24 % of respondents with incomes less than or equal to MYR 1200, whereas more than 26,0 %
with incomes MYR 1201-4000 do and 25,0 % of those with incomes more than MYR 4000 do.
The relationship between respondents believing that their neighbourhood waste conditions
are better today, compared with 5 years ago, and education level is also direct and statistically
significant (P < 0,05), but no patterned relationship with education. Between 17,0 % and 40,0 %
of respondents with education levels of secondary school or less and 25,0 % with education
level of diploma possess such a belief.
RELATIONSHIP BETWEEN RESPONDENTS’ VIEWS ON HEALTH IMPLICATION
OF WASTE AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
More than 51 % of all the respondents indicated they believe that conditions surrounding
waste are harmful to human health, while nearly 49 % do not believe so. Presumably, the first
groups are concerned with possible harm to workers who handle waste and/or the spread of
communicable diseases resulting from human contact with open accumulations of wastes in
public places. Concerns with the implications of waste to human health differ significantly
among areas (P < 0,05), with the degree of concern being the greatest in Jinjang Utara and
least in Sentul. The relationship between respondents being concerned over health implications
of waste and monthly household income is generally inverse, but statistically not significant
(P  0,10). Between 54,0 % and 58,0 % of respondents with incomes less than or equal to
MYR 3000, and from 31,0 % to 44,0 % with incomes MYR 3001-6000 have such a belief.
The range of percentage of households with incomes more than MYR 6000 is from 50,0 % to
60,0 %. The relationship between respondents being concerned over health implications of
waste and education level is direct and statistically significant (P < 0,05). Nearly 60 % of
respondents with the education level of „primary school“ or less, 47,0 % between „primary
school“ and „junior high school“, from 51,0 % to 52,0 % between junior high school and
higher secondary, and from 63,0 % to 75,0 % higher than higher secondary have such a belief.
RELATIONSHIP BETWEEN RESPONDENTS’ VIEWS ON PRIVATIZATION OF
SOLID WASTE MANAGEMENT AND MONTHLY HOUSEHOLD INCOME AND
EDUCATION
Of the all respondents 71 % agree that local waste conditions could be improved through
privatizing waste collection and disposal services. On the other hand, 29 % of respondents
indicated that they are not agreeing with the concept of privatization through which local
waste collection and disposal problems could be improved. Of the 87 respondents who do not
agree with the privatization of waste collection and disposal facilities, the reason with
greatest perceived importance is „government should provide waste collection and disposal
facilities at no charge“. Respondents’ views over the privatization of waste collection and
disposal facilities differ significantly among areas (P < 0,05), with Jinjang Utara respondents
being most agreed (96,0 %) and Sentul respondents agreed the least (22,0 %). Of those
respondents did not agree with the privatization, the highest number was reported in Sentul
(78,0 %) and the lowest in Jinjang Utara (4,0 %). In addition, 70 % of the all respondents
indicated that they would agree, if the government plans to privatize the waste collection and
disposal facilities to improve the local waste conditions in their residential areas. On the other
hand 30,0 % of the all respondents did not agree. Respondents’ views on the government plan
to privatize the waste collection and disposal facilities differ significantly among areas (P < 0,05),
with Datuk Keramat respondents being most agreed (93,0 %) and Sentul respondents being
least agreed (34,0 %). Of Jinjang Utara respondents, 83 % have also reported to agree with
the government plan. Of those respondents did not agree with the government plan in
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privatizing local waste collection and disposal facilities, the highest number was reported in
Sentul (66,0 %) and the lowest in Datuk Keramat (7,0 %).
There are areas in Kuala Lumpur City, where private waste collection agencies are already
providing household waste collection and disposal facilities. Thus, the respondents of the
study were also asked whether they know about the waste situation of the areas those are
already be serviced by private waste collection agencies. In response, 38 % indicated that
they do not know the waste situation of the areas those are serviced by private waste collection
agencies. 30 % indicated that the situation is same, 28 % indicated it is seemed to be better,
and only 3 % indicated it is worse. Differences in respondents’ views are statistically significant
among areas (P < 0,05). The relationship between respondents believing that waste conditions
could be improved through privatizing the waste collection and disposal facilities and monthly
household income is statistically significant (P < 0,05), but with no patterned relationship
with income. The relationship between respondents’ belief that waste conditions could be
improved through privatizing the waste collection and disposal facilities and through raising
education level is direct and statistically significant (P  0,10) with a patterned relationship
with education. For example, between 55 % and 77 % of respondents with education levels of
secondary school or less have such a belief, whereas between 62,0 % and 100,0 % of respondents
with the education levels of higher secondary school or higher have also such the belief.
RELATIONSHIP BETWEEN THE REASONS HOUSEHOLDERS RECYCLING AND
MONTHLY HOUSEHOLD INCOME AND EDUCATION
All of the differences in reasons for recycling differ significantly among households in the
eleven monthly income-ranges. The relationship between „receives payment for materials
recycled“ (P < 0,05) and monthly household income is generally constant for all ranges of
households. The relationship between all other reasons for recycling and monthly household
income is direct. In other words, households with higher income ranges show a
comparatively higher mean level of importance for recycling their household waste materials.
All of the differences in reasons for recycling differ significantly (P < 0,05) among
householders with different education levels, except for the reason, namely „save resources“,
which is statistically insignificant (P  0,10). The relationship between „receives payment for
materials recycled“ and education level is generally direct for all levels of education holders.
The relationship between all other reasons for recycling and education level is also direct.
These direct relationships imply that householders with higher levels of education show a
comparatively higher mean level of importance for recycling their household waste materials.
RELATIONSHIPS BETWEEN THE REASONS HOUSEHOLDERS’ NOT RECYCLING
AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
The relationship between all the reasons for not recycling and monthly household income is
not statistically significant (P  0,10), except for the reasons, namely „not interested in
recycling“ and „other reasons“, which are significant at P  0,10 and P < 0,05 levels,
respectively. The above two reasons for not recycling also show a non-patterned relationship
to income. However, the relationship between all the reasons for not recycling and education
level of respondents is generally inverse and statistically insignificant (P0.10), except for the
following reasons that are statistically significant at different levels: „not interested in
recycling“ (P < 0,05), „don’t have enough room in my home to store materials“ (P < 0,05),
„recycling program is not mandatory“ (P < 0,05), and „other reasons“ (P < 0,05). Although,
the above-mentioned reasons for not recycling are statistically significant in different levels
of education, but have no simple patterned relationship with education.
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RELATIONSHIP
BETWEEN
HOUSEHOLDERS’
MOTIVATION
FOR
ENVIRONMENTALLY SUSTAINABLE SOLID WASTE MANAGEMENT AND
MONTHLY HOUSEHOLD INCOME AND EDUCATION
The results of testing the hypothesis „householders are strongly motivated by economic reasons
to practice environmentally sustainable solid waste management“ are interesting. This hypothesis
is supported in that the means for economic reasons, for which householders practice
environmentally sustainable solid waste management, such as sell the waste to an „itinerant“
buyer (P < 0,05), have practice of collecting and recycling waste materials (P < 0,05),
separate waste materials in order to their kinds (P < 0,05), reuse waste materials (P < 0,05),
and „source-reduces“ waste (P  0,10) are significantly greater for the householders with low
income categories, except for the last-mentioned reason of which mean is also greater for the
same income categories of the householders, but not statistically significant. Moreover, the
means for the above-mentioned five economic reasons are significantly greater (P < 0,05) for
the householders with lower education levels, except for the fourth and fifth reasons of those
means are also greater for householders with the same education levels, but not statistically
significant (P  0,10). In different education levels of the householders, the reason „separate
waste materials in order to their kinds“ is significant at P < 0,05 level. These results imply
that the householders with low levels of income and education are strongly motivated to
practice environmentally sustainable solid waste management, because their economic
hardships force them to do so. In other words, households with inadequate or limited income
sources are willing to practice environmentally sustainable solid waste management, which in
turn benefits them economically.

RELATIONSHIP BETWEEN HOUSEHOLDERS’ „BEHAVIOUR“
CONCERNING SOLID WASTE MANAGEMENT AND HOUSEHOLD
INCOME AND EDUCATION
RELATIONSHIP BETWEEN QUANTITY OF HOUSEHOLD WASTE GENERATION
AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
All the households covered in the survey generate, every three days, an average of 5,66 kg of
waste. Of all respondents, the following percentages generate the following quantity every
three days: 28,3 % up to 4 kg, 46 % from 5 kg to 6 kg, 12,6 % from 7 kg to 8 kg, 11,7 % 10 kg,
and 1,3 % from 12 kg to 15 kg. The quantity of waste generation differs significantly among
areas (P < 0,05), with the highest average of 6,92 kg reported in Sentul, followed by 5,83 kg
in Jinjang Utara and 4,22 kg in Datuk Keramat. The one-way ANOVA test of mean waste
generation for households in different ranges of monthly household income shows
statistically significant differences, with a direct patterned relationship with income. The
same test also shows a statistically insignificant (P  0,10) relationship between mean waste
generation and education, with no patterned relationship with education.
RELATIONSHIP BETWEEN HOUSEHOLDS’ WASTE DISPOSAL METHODS AND
MONTHLY HOUSEHOLD INCOME AND EDUCATION
The most common reported method for disposing household waste is via public dust-bin
received from either local town authority or private waste contractor (88 % of respondents).
However, the other methods of waste disposal are as follows: 58,3 % of respondents dispose
in their own dust-bins, 47 % dispose waste in public dust-bins provided by private source,
46,3 % sell waste to itinerant buyers, 46 % dispose waste in their own dust-bins received
from either local town authority or private waste contractor, 30,3 % dispose waste by burning,
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17,7 % put waste in plastic bags placed in front of their houses, 11,7 % throw their waste into
river or canal or drains, 5 % dispose anywhere, and 4,7 % pile waste loose in front of their houses.
All the above-mentioned waste disposal methods differ significantly among areas (P < 0,05).
For example, „dispose of waste in public dust-bin received from local town authority or
private waste contractor“ is by far the most common in Jinjang Utara (100 % of respondents)
and least common in Datuk Keramat (67 %). The use of „own dust-bins“ is by far the most
common in Sentul (100 % of respondents), but no respondent reported that he or she is using
such method of waste disposal in Jinjang Utara. 84 % of households in Sentul dispose their
household wastes in public dust-bins provided by private sources, but none in Jinjang Utara
reported that they are using such method through receiving dust-bins from any private
sources. 95 % of households in Jinjang Utara and only 29 % and 15 % of households in
Sentul and Datuk Keramat, respectively, dispose of waste through sales to itinerant buyers.
Almost all of the households (99 %) in Sentul dispose of waste in their own dust-bins
received from either local town authority or private waste contractor; whereas no respondent
reported that he or she is doing so in Jinjang Utara. The following five disposal methods are
of significantly importance in Datuk Keramat than in the other two areas: dispose waste by
burning (41 % versus 34 % and 16 %), put waste in plastic bags placed in front of their houses
or at kerbside (29 % versus 24 % and none in Jinjang Utara), throw wastes into river or canal
or drains (32 % versus 3 % and none in Jinjang Utara), dispose wastes anywhere (14 % versus 1 %
and none in Jinjang Utara), and pile waste loose in front of their houses (9 % versus 5 % and
none in Jinjang Utara). This discussion is based on data provided in Table 1. in Appendix A.
The relationship between dispose of waste via dust-bins and itinerant buyers (i.e.: the socially
most acceptable ways) and monthly household income is direct and statistically significant
(P < 0,05 and see Appendix A for details). Percentages of households disposing of waste via
dust-bins and itinerant buyers are as follows: from 32 % to 80 % for income ranges less than
MYR 2000, from 81 % to 92 % for income ranges MYR 2001-5000, and from 93 % to 100 %
for income ranges greater than MYR 5000. That means, the higher the level of household
income, the higher the incidence of use of own dust-bin for disposing wastes. The
relationship between dispose of waste via dust-bins and level of education of respondents is
also direct and statistically significant (P < 0,05 and see Appendix B for details). The
incidence of using own dust-bins is greater for the respondents or households with higher
education (more than secondary school) and lower for the respondents with an education
level of less than junior high school. But the relationship between dispose of waste via
itinerant buyers and level of education of respondents is generally inverse and statistically
significant (P < 0,05). This finding indicates that the incidence of selling waste to an itinerant
buyer is greater for the respondents with lower education and lower for the respondents with
higher education level. This discussion is based on data provided in Table 2. in Appendix B.
RELATIONSHIP BETWEEN LENGTH OF TIME WASTE IS STORED IN THE
HOUSE AND MONTHLY HOUSEHOLD INCOME
The relationship between placing wastes at kerbside the same day, as the waste is generated
and monthly household income is generally inverse and statistically significant (P < 0,05).
Percentages of households placing waste at kerbside on the same day generated as follows:
from 28 % to 29 % for less than or equals MYR 3000, up to 31 % for the income ranges
between MYR 3001 and MYR 6000, and 20 % for greater than MYR 6000. The relationship
between storing waste for 1-2 days before placing it at kerbside and monthly household
income is generally direct and significant (P < 0,05). The following percentages of
households store their waste for 1-2 days before disposal: from 62 % to 83 % for income
ranges of less than MYR 2000, from 85 % to 87 % for income ranges of between MYR 2001
184

Relationship between personality traits of the urban poor concerning solid waste ...

and MYR 4000, and from 88 % to 100 % for income ranges of greater than MYR 4000. The
relationship between storing waste for 3-4 days before placing it kerbside and monthly
household income is significant (P < 0,05), with no patterned relationship with income. In
addition, the relationship between storing waste for 5-7 days before placing it at kerbside and
monthly household income is not statistically significant (P  0,10), with also no patterned
relationship with income.
RELATIONSHIP BETWEEN LENGTH OF TIME WASTE IS STORED IN THE
HOUSE AND EDUCATION
The relationship between placing waste at kerbside the same day of waste generation and
education level is inverse and statistically significant (P < 0,05). percentages of households
placing waste at kerbside on the same day generated are as follows: from 31 % to 32 % for
education level of primary school or less, from 22 % to 23 % for junior high school, 9 % for
both secondary school and diploma, and no respondent with the education level of more than
„diploma“ indicated that he or she is placing his/her household waste at kerbside on the same
day it is generated. The relationship between storing waste for 1-2 days before placing it at
kerbside and education level is also generally inverse and statistically significant (P < 0,05).
The following percentages of households store their waste for 1-2 days before disposal: 34 %
with education level of „primary school“, 29 % with „junior high school“, 18 % with
„secondary school“, 5 % with diploma, and only 1 % with the education level of „first
degree“ or higher. Although, there are inverse relationships between storing waste for
3-4 days and 5-7 days before placing it at kerbside and education level, but both the lengths
of time stored of waste are not statistically significant (P  0,10).
RELATIONSHIP BETWEEN SOURCE-REDUCTION OF WASTE MATERIALS
AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
Of the all surveyed households, 22,4 % have tried to „source-reduce“ wastes. Differences
among areas differ significantly (P < 0,05), with the highest percentage of households reported
in Jinjang Utara (43,2 %) followed by 23,1 % in Sentul and 12 % in Datuk Keramat. The
relationship between taking steps to „source-reduce“ wastes and education level is inverse,
but not statistically significant (P  0,10) (Table 2). Percentages of households who have
practiced „source-reduction“ of waste and their respective levels of education are as follows:
from 33 % to 35 % of respondents with education level of „primary school“ or less, 31 %
with „junior high school“, from 10 % to 12 % with education level of between secondary
school and higher secondary, 8,3 % with „diploma“, and no household head with the
education level of higher than diploma reported that he or she is doing so. The relationship
between taking steps to „source-reduce“ wastes and monthly household income is also not
significant (P  0,10), with no patterned relationship with income (Appendix A). This finding
indicates that households’ incomes neither encourage nor discourage the household members
to „source-reduce“ wastes. On the other hand, different levels of education obviously influence
the households to do so. Thus, it can be concluded that the lower the level of education, the
higher the incidence of „source-reduction“ practices of wastes among households.
RELATIONSHIP BETWEEN HOUSEHOLDS’ REUSING WASTE MATERIALS AND
MONTHLY HOUSEHOLD INCOME AND EDUCATION
The relationship between percentages of households who indicate one or more ways of
reusing wastes that otherwise would be disposed of and monthly household income is inverse
and statistically significant (P < 0,05), see Appendix A. Percentages of households who
indicate one or more ways of reusing wastes differ with monthly household income as follows:
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from 92 % to 100 % for incomes less than MYR 4000 and none for incomes greater than
MYR 4000. The relationship between percentages of households who indicate one or more
ways of reusing wastes that otherwise would be disposed of and education level is generally
constant and statistically insignificant (P  0,10), see Appendix B. Because, the percentages
of households who indicate one or more ways of reusing wastes are the same (100 %) with
different levels of education as follows: 100 % for each „no schooling“, „primary school“,
„higher secondary“, and „diploma“. Thus, no patterned relationship has been proven
statistically between reusing wastes that otherwise would be disposed of and education level.
RELATIONSHIP BETWEEN WAYS HOUSEHOLDS REUSE WASTE MATERIALS
AND MONTHLY HOUSEHOLD INCOME
The relationships between percentages of households indicating two specific ways of reusing
wastes and monthly household incomes is inverse and statistically significant (P < 0,05).
Percentages of households who repair used materials differ among income ranges as follows:
from 62 % to 92 % for the income ranges of less than MYR 4000, 100 % for MYR 4001-6000.
However, the percentage for households with more than MYR 6000 income is 80 %. Percentages
of households who use materials for a purpose different from their original purpose of buying
the item differ among income ranges as follows: from 50 % to 100 % for the income ranges
of less than MYR 4500, 75 % for MYR 4501-5000, 66,7 % for MYR 5001-6000, and 60 %
for more than MYR 6000 (P < 0,05).
The percentages of households indicating that they „sell used materials to other people“ differ
significantly with monthly household income (P < 0,05), with no simple patterned relationship
with income. The percentages of households „giving away used items“ differ significantly for
households in different income ranges (P < 0,05), with no simple patterned relationship with
income. Although, the percentages of households, who indicated that they are using other
ways in reusing waste materials, differ significantly for households in different income
ranges (P < 0,05), but with no simple patterned relationship with income.
RELATIONSHIP BETWEEN WAYS HOUSEHOLDS REUSE WASTE MATERIALS
AND EDUCATION
The relationships between percentages of households indicating two specific ways of reusing
waste and education level are generally inverse and statistically significant. Percentages of
households who repair used materials differ among education levels as follows: from 10 % to
31 % for primary school or less, 29 % for junior high school, 18 % for secondary school,
from 3 % to 6 % for the education levels of between higher secondary and diploma, and only
0,4 % for first degree (P  0,10). Percentages of households who use materials for a purpose
different from their original purpose of buying the item differ among education levels as
follows: from 29 % to 36 % for the education levels of between primary school and junior
high school, 17 % for secondary school, from 3,6 % to 4,4 % for the education levels of
between higher secondary and diploma, and 1,2 % for first degree (P  0,10). The percentages
of households indicating that they „sell used materials to other people“ differ significantly
with education level, with an inverse relationship as follows (P  0,10): from 32 % to 34 %
for the education levels of between primary school and junior high school, 15.8 % for
secondary school, from 3 % to 5 % for the education levels of between higher secondary and
diploma, and none with the education level of higher than diploma. The percentages of
households indicating that they „giving away used items“ differ significantly for households
with different education levels, with a generally inverse relationship to education as follows
(P < 0,05): from 23 % to 31 % for the education levels of between primary school and junior
high school, 27 % for secondary school, from 5,6 % to 6,4 % for the education levels of
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between higher secondary and diploma, and 1,6 % for first degree. Although the percentages
of households, who indicated that they are using other ways in reusing waste materials, differ
significantly for households in different education levels (P < 0,05), but with no simple
patterned relationship with income.
RELATIONSHIP BETWEEN HOUSEHOLDS’ SOURCE SEPARATION OF WASTE
MATERIALS AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
Of all households 28 % separate their waste, according to type of materials (e.g.; glass, paper,
tin, and plastic) before disposing these off. This action is either taken as a first step in their
own personal recycling of materials, or presumably as an act of generosity toward waste
collectors who commonly do some separating of recyclable items from mixed waste during
their regular waste collection pick-ups. percentages of householders who separate materials
vary significantly among areas as follows (P < 0,05): 57 % in Jinjang Utara, 21 % in Sentul
and 6 % in Datuk Keramat.
The relationship between percentage of households who source-separate wastes and monthly
household income is generally direct and statistically significant (P < 0,05), see Table 1.
Percentages of such households differ with monthly household income as follows: from 16 %
to 32 % for incomes of less than MYR 3000, from 33 % to 68 % for incomes of MYR 30016000. Outside this general pattern is 20 % for incomes of more than MYR 6000. The
relationship between percentage of respondents who source-separate wastes and education
level is generally inverse and statistically significant (P < 0,05), see Table 2. Percentages of
such respondents differ with education level as follows: from 24 % to 62 % for „primary
school“ and below, 29 % for „junior high school“, 24 % for „secondary school“, 19 % for
„diploma“, and none for an education level of first degree or higher.
RELATIONSHIP BETWEEN HOUSEHOLDS’ RECYCLING OF WASTE
MATERIALS AND MONTHLY HOUSEHOLD INCOME AND EDUCATION
More than 42 % of the all households surveyed „separate waste materials and recycle them“.
These respondents are considered as „recyclers“ in the study. Of the 119 recyclers, 81 are from
Jinjang Utara (81 % of respondents there), 21 are from Sentul (33,3 %), and 10 are from
Datuk Keramat (10,5 %). These recycling percentages differ significantly among areas (P < 0,05).
The relationship between percentages of households who recycle and monthly household
income is generally direct and statistically significant (P < 0,05) (Table 1). Percentages of
households who recycle differ with monthly household income as follows: from 0 % to 14 %
for incomes of less than MYR 1200, from 20 % to 53 % for incomes of MYR 1201-3000, from
25 % to 67 % for incomes of MYR 3001-6000. Outside this general pattern is 40 % for incomes
of more than MYR 6000. The relationship between percentages of householders who recycle
waste and education level is generally inverse and statistically significant (P < 0,05), see
Appendix B. Percentages of householders who recycle differ with education level as follows:
from 47 % to 71 % for „primary school“ or less, from 25 % to 46 % for the education levels of
between „junior high school“ and „diploma“, and none for the education level of „first degree“
or higher. Outside this general pattern is 54 % for the education level of „higher secondary“.
RELATIONSHIP BETWEEN RESPONDENTS’ VIEWS ON COMMUNITY-BASED
WASTE MANAGEMENT ORGANIZATION AND MONTHLY HOUSEHOLD
INCOME AND EDUCATION
Of the all respondents interviewed, 64 % indicated that they and/or any of their family
members would be willing to work voluntary with a community-based waste management
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organization in their residential areas. On the other hand, more than 35 % of respondents
indicated that they are not willing to work with such a community-based organization.
Respondents’ willingness to work with such an organization differs significantly among areas
(P < 0,05), with the highest number of respondents in Datuk (94 %), followed by 72 % in
Jinjang Utara and 27 % in Sentul. The relationship between willingness to work voluntary
with a community-based waste management organization and monthly household income is not
significant, with no patterned relationship with income (P  0,10). But the relationship between
percentage of respondents who are willing to work voluntary with a community-based waste
management organization and their education level is statistically significant, with a generally
direct relationship with education (P < 0,05). percentages of respondents who are willing to
work voluntary with a community-based organization differ with education level as follows:
from 51 % to 73 % for junior high school or less and from 68 % to 100 % for education
levels of between secondary school and first degree.
Of those willing to work voluntary with a community-based waste management organization,
the most common way of participation is by working with the organization (54,4 %), followed
by assisting the organization in „other ways“ (19,7 %). As many as 17,6 % of respondents
volunteered the opinion that they will be assisting the organization with money, while 8,3 %
indicated that they would help with materials. Views with the ways in which respondent and/or
any member of his/her household would be willing to work voluntary with a community-based
waste management organization differ significantly among areas (P < 0,05), with the way of
„with work“ is being greatest in Sentul (96,3 %) and least in Datuk Keramat (42,6 %). The
way „with money“ is being highest in Datuk Keramat (27,7 %) and no respondent indicated
such a way in Sentul. The way „with materials“ is being highest in Datuk Keramat and lowest
in Sentul. The „other ways“ being highest in Jinjang Utara and no respondent indicated such
a view in Sentul. Among the other ways, respondents’ moral support to that organization is
important. In addition, of the 193 surveyed respondents who have viewed to work with a
community-based waste management organization, 99 % indicated that they would, if
necessary, also be willing to increase their contribution in future. Respondents’ such assurance
differs not significantly among areas (P  0,10).

CONCLUSIONS AND POLICY RECOMMENDATIONS
The study makes an effort to analyze the relationship between personality traits such as,
knowledge, attitude, and behaviour of the urban poor householders concerning solid waste
management systems and monthly household income and education. The policy implications
of this study might be useful for the appropriate authority of the three study areas, i.e. Kuala
Lumpur City Council (KLCC). Depending on the degree to which current solid waste
management programs, policies, and the cultural and social features of respondents in the
three parliamentary areas in relation to other similar parliamentary areas or municipalities,
the policy implications might have a significant applicability. It is reasonably expected that
the policy recommendations of this study would be useful to policy and decision-makers of
appropriate authority in their efforts to improve environmental quality, especially solid waste
management systems, among the urban poor and low-income communities.
With regard to solid waste generation, the study shows that low-income groups usually
generate much lower per person than middle and upper income groups. Therefore, the lowincome groups contribute much less than middle and upper income groups to the
environmental degradation caused by their poor management or disposal systems of
household wastes. This study concludes that the low-income groups generally have a very
proactive role from a sound environmental perspective, as they are the main re-users,
recyclers, and source-reducers of solid wastes. In this regard, an integrated approach can only
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consider the roles of all stakeholders involved in the process of environmentally sound solid
waste management. In other words, an integrated approach could only consider the economic,
social, institutional, and environmental aspects involved in the process of environmentally
sound solid waste management. In such an approach, scavengers or informal waste pickers
should be incorporated into the formal sector and be provided with appropriate sanitary
working conditions. These informal waste pickers should also be promptly rewarded in the
event that waste reduction and recycling activities are efficiently and effectively executed.
Moreover, waste recycling can be prompted through consumer campaigns encouraging
citizens to co-operate in waste separation and promoting them to purchase the recycled
products. Also, citizens should be requested to pay a more realistic fee for waste services in
return for the guarantee that indeed better services will be provided for ensuring a sustainable
quality of lifestyles. But, no solid waste management can be effective without proper
monitoring of its disposal activities. Therefore, its effectiveness should also be tested on
regular basis and the departure from its inherent objectives at any time should be corrected
timely in order to ensure a sound waste management process.
Based on the overall results, the study suggests that neither the reduction of poverty would
improve environmental quality nor the improvement of environmental conditions would
reduce the poverty. That being the case, policies should be formulated to focus on promoting
education, knowledge and skills of the urban poor together with empowering them as a
means of promoting their living conditions. For example, improving the level of education
may increase the awareness and knowledge of the urban poor residents regarding environmental
risks and hazards that may eventually influence them to improve the quality of their environmental
management systems. Furthermore, the lack of public awareness and school education in the
process of sound solid waste management systems can also severely restrict the use of
community-based approaches among low-income communities. It has well been recognized
that the lack of environmental awareness appears to be a very important factor that influences
people to degrade the environment. This situation needs to be tackled, particularly among the
communities where literacy levels are low and many people live in marginal economic
circumstances. Thus, both formal and informal methods of education should be adopted
through means such as local media, seminars, workshops, tours, and other educational
competitions. In this regard, television, newspapers, and people’s associations can also play
most vital and important role for increasing people’s awareness and knowledge regarding
various environmental management systems. In addition, policies for sustainable urban growth
need to be adopted that could be realistically able to view each urban environmental problem
as it relates to all other urban issues thereby creating a habitat, which makes city living attractive
to all groups. Based on the findings of this study and macro point of view, it can be recommended
to create more economic opportunities in the rural areas as well as to industrialize the rural economy.
Finally, as stated by the United Nations Commissioner for Human Settlement and World
Commission on Environment and Development, poverty and environment are often seen as
inextricably linked, with the need to eradicate poverty as an initial step to protecting
environment [7-8]. The present study concludes against this belief, and instead proposes that
the problems of poverty and environment need to be seen differently as both the problems are
experienced by different groups of communities differently. The study suggests that there is a
little evidence of urban poverty being a significant contributor to environmental degradation,
but strong evidence that urban environmental risks are a major cause or contributor to urban
poverty. The environmental problems and hazards those exist among the urban low-income
communities are associated with inadequate provision for electricity, water, sanitation,
drainage, waste collection, and health care. These environmental problems can be greatly
reduced by undertaking better environmental management and provisions of infrastructures.
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APPENDIX A
Table 1. Association between various solid waste-behavioral factors measured in discrete

terms and monthly household income. Table cells represent percentage of „Yes“ response to
Solid Waste-Behavioral Factors.
Monthly Household Income in MYR
Solid Waste-Behavioral
 1201- 1501- 2001- 2501- 3001- 3501- 4001- 4501- 5001- >
Factor
1200 1500 2000 2500 3000 3500 4000 4500 5000 6000 6000 Total
Dispose of
waste in own
dust-bin

80,0 32,2 45,2 92,9 60,0 75,0 87,5 33,3 75,0 100,0 100,0 58,3*

Sell the waste to
an „itinerant“
14,0 66,1 60,2 21,4 36,0 50,0 50,0 66,7 50,0 33,3 20,0 46,3*
buyer
Picks-up waste
littered by other 60,0 33,9 59,1 89,3 64,0 62,6 87,5 33,3 100,0 100,0 40,0 58,4*
people
Has practice of
collecting and 14,3 51,9 53,3 20,0 43,5 56,3 37,5 66,7 25,0 33,3 40,0 42,7*
recycling waste
Separate waste
in order to their 16,0 32,2 31,2 7,1 32,0 43,8 25,0 66,7 25,0 33,3 20,0 28,0**
kinds
Reuse waste
materials

100,0 100,0 92,3 100,0 100,0 100,0 100,0 0,0

„Source7,4 30,4 27,1 20,0 20,0 33,3 100,0 0,0
-reduces“ waste
*Significant at 0,01 level.
**Significant at 0,05 level.
***Not significant at 0,10 level.
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APPENDIX B
Table 2. Association between various solid waste-behavioral factors measured in discrete
terms and level of education. Table cells represent percentages of „Yes” response to Solid

Waste Behavioral Factors.

Level of Education
No
Schooling

Primary
School

Junior
High
School

Secondary
School

Higher
Secondary
School

Diploma

First
Degree

Total

Solid Waste-Behavioral
Factor
Dispose of waste
in own dust-bin

62,1

46,9

53,5

78,9

45,5

75,0

100,0

58,3*

Sell the waste to
an „itinerant“
buyer

58,6

56,1

46,5

28,1

54,5

31,3

0,0

46,3*

Picks-up waste
littered by other
people

48,3

50,0

55,8

77,2

63,6

62,5

100,0

58,4**

Has practice of
collecting and
recycling waste

71,4

47,2

45,8

25,0

54,5

25,0

0,0

42,7*

Separate waste in
order to their
kinds

62,1

24,5

29,1

24,6

0,0

18,8

0,0

28,0*

Reuse waste
materials

100,0

100,0

92,3

75,0

100,0

100,0

0,0

92,9***

„Source-reduces“
waste

33,3

34,8

31,7

11,8

10,0

8,3

0,0

22,4***

*Significant at 0,01 level.
**Significant at 0,05 level.
***Not significant at 0,10 level.
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SAŽETAK
Članak analizira relaciju između znanja, stavova i ponašanja urbanih siromašnih kućanstava obzirom na
upravljanje krutim otpadom, mjesečni prihod kućanstva i obrazovanje. Za postizanje cilja, uporabljene su
statističke tehnike poput t-testa, jednosmjerni ANOVA, 2-testa i jednostavne deskriptivne statistike. Rezultati
pokazuju kako se urbane siromašne zajednice niskih prihoda i edukacije bave pogodnim po okoliš upravljanjem
krutim otpadom, npr. recikliranjem i redukcijom izvora otpada. Istraživanje je također pokazalo kako urbane
zajednice niskih prihoda općenito imaju vrlo proaktivnu ulogu iz perspektive upravljanja okolišem, zbog
njihove znatne reciklaže i redukcije izvora krutog otpada. Istraživanje upućuje na to da politike trebaju biti
temeljene na promociji znanja, obrazovanja, vještina i osnaživanju urbane siromašne zajednice kao načinu
unaprijeđenja njihovih životnih uvjeta.
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ABSTRACT
The aim of this article is to present and analyse text genres of the bilateral commissive type that are
mostly used in management communication for attaining objectives of a particular corporation. This
paper aims at providing a linguistic analysis of the text. Materials which have been used for the analysis
of text genres and text types are based on theoretical principles of text linguistics. The literature and
research related to the link between corporate discourse and corporations’ ideologies will not be taken
into consideration in this paper. This topic will not be considered as important for this research.
Text genres are dealt with in this paper as implementations of texts in communication. Their
communicative function is the most important classification parameter. The analysis of text genres
belonging to bilateral commissive text types that can be found in the corpus, aims at showing that
management uses a specific vocabulary, grammatical structures and syntax in the communication by
means of bilateral commissives and that text genres which have been analysed according to their
micro structural and macro structural features make up a specific communication model that
management uses in a given communicational situation.
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INTRODUCTION
This paper analyses text genre belonging to bilateral commissive text types which are used in
management for communication purposes and for attaining objectives in multinational
corporations. The assumption is made that every interaction that drives things, actions,
processes and people in the corporation can be interpreted as communication which is
realised by means of linguistic and non-linguistic signs and which serves as a means of
message transfer. An interaction, in which linguistic symbols are used respectively, is called
linguistic communication 1; p.11. Various means and ways can be used for and in
communication. The text is a product of language and communication performance which
tries in its representation and model to be receptioned in every place and time no matter of its
genesis 2; p.17.
The corpus for this study includes examples of texts which are used for communication
purposes and organizational processes of achieving goals in middle and top management of
the corporations UNILEVER Belgium-Croatia and INA Naftaplin d.d. Croatia, the Croatian
Gas Association (HSUP), the company INTEGRA and the Croatian Chamber of EconomyCounty Chamber Rijeka (HGK-ŽKR). Therefore, an analysis of communication within
companies, corporations and institutions, abbreviated as CCI, is conducted in this paper.
The corpus includes 1142 text samples. For research purposes 76 texts of the bilateral type
have been selected from this abundant corpus.
This paper analyses communication by means of bilateral commissive text types, as well as the
role and function of bilateral commissives for attaining objectives of a particular corporation.

TEXT AND TEXT GENRES AS A COMMUNICATION TOOL IN MANAGEMENT
Texts and text genres are tools used by the management of any modern corporation for
achieving goals in accordance with the particular corporate ideology. It is very important to
see in which ways such a text is understood and used in management; i.e. in which genre of
communication such texts are used. Therefore, the vertical aspect of communication,
horizontal, symetrical and asymmetrical are aspects of communication in corporations which
are being looked into in this paper. The aspects of interprofessional, intraprofessional and
extraprofessional communication are taken into consideration as well as the aspects of
internal and external communication. With regard to the environment and communicative
interaction of the enterprise with the environment, we distinguish between internal and
external communication within an environment. All the social forces that affect the business,
communication and attaining of objectives in CCI indirectly are part of the external
environment. External communication in relation to the environment branches into general or
social environment and business or task environment 3; p.29. General or social environment
is also called macro environment. It includes all events and situations outside the corporation;
events the corporation has no influence upon, but must respond to. Business or task
environment is also called microclimate of the corporation, and is made up of all subjects
involved in the immediate environment of CCI, thus affecting the ability of the corporation to
provide services to the environment. This means that task environment communication is
frequent and that it takes place in everyday interaction. Internal communication is the
communication within the framework of the internal environment, i.e. within the environment
of CCI. This means that such communication can be completely influenced. Such
communication is always present in management, and management tries to control it
completely. Any changes in the function of internal company alert the management. External
and internal communication therefore depends on a variety of phenomena in the CCI
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environment, since a company is an open system that is in constant communication with these
developments, which depend upon the changing of the environment of the corporation and its
complexity, the competitive forces as well as rate of change of the environment 4; p.93-97.
All these aspects of communication appear in the corpus of this work.
An analysis of communication methods and genres found in the corpus has shown linguistic
idiosyncrasies in the vocabulary and syntax of various text genres used by the CCI.
Text genres in management unite organized activities, whereby such activities become a part
of the social system. Text genres enable communication in management by means of
modifying behaviour. Text is only a theoretical construct that is organized according to text
genre and can only be perceived as such 5; p.6. Furthermore, the text is any entity that can
be assigned to some text genre.
Text genres are links between cognitive, communicative and active aspects. They are one
method of social practice. Text genres also represent models that facilitate participants’
orientation in a particular communicational situation.
The question which is argumented in this paper is: what is the role of the bilateral text genres
in the communication process of a corporation or institution? Which features do such texts
exhibit on the micro and macro structural level?

CLASSIFICATION AND ANALYSIS OF COMMISSIVES
Text genres in this paper are classified as bilateral commissives according to Brinker's
classification of texts into text types (which includes five text genres; informative, appellative,
obligative, contactive and declarative 6; p.39-43. Brinker furthermore analyses each texts
(regardless of the text type) within three levels. These levels are taken over in this paper as
description levels of each text type in the corpus, thus resulting in: 1. communicativepragmatic level, 2. thematic level and 3. languge-stylistic level.
In communication with commisive text types the text producer (sender) is commited to the
behaviour which is determined in the text and already accepted 7; p.262.
Commissives belong to text genre with an illocutionary function. This means that they
compel the sender to perform or not to perform a particular activity (attain objective or realise
profit) in the corporation. Communication is directed here from the world towards particular
words. The senders attitude expresses his intention to perform a particular activity 5; p.73.
By using commissive text genres, the sender is committed to perform an activity, to fulfil a
promise. Commissives must primarily act bindingly, where the sender agrees to perform an
action, and well normatively, where the sender agrees that he, in extra-linguistic reality, will
act in accordance with the standards. According to the direction of obligation in text genres
we distinguish 5; p.73:
1) unilateral commissives or obligatives, and
2) bilateral commissives (found in this corpus as text genre application forms in HGK-ŽKR,
INA and INTEGRA and as text genre notice of readiness and contract in the
communication of Naftaplin and HSUP).
This paper will continue analysing only bilateral commissives found in the corpus.
Bilateral commissives serve to gain mutual identic behaviour and commitments 7; p.2699,
or realisation of identic corporational and institutional goals made by two parties involved in
the communication (with bilateral commisives).
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The following bilateral commissives are indentified in Croatian 5; p.73: arrangement,
pact/agreement (interstate), pre-contract, treatise (international agreement), contract (act of
sale, nuptial, employment, and lease) and others.
In the communication of HGK-ŽKR, text genre that has the function of bilateral commissive
is the application form (for education, organized by HGK-ŽKR), represented with 76 examples.
Three text genres with the function of bilateral commissives have been noted in the
communication between INA and HSUP: contract (19 texts), notice of readiness (11 texts)
and application form (7 texts), while the communication of INTEGRA notes only application
forms for seminars (41 examples). No examples of bilateral commissives have been found in
UNILEVER communication since UNILEVER has not obtained approval for publicizing
these text genres due to data protection and confidentiality within the corporation.
TEXT GENRE: APPLICATION FORM
In the corpus of HGK-ŽKR 76 application forms for participation at various seminars, round
tables, presentations, etc. have been found. Reasons for placing the application form in a
bilateral genre commissives are as follows 8; p.538: (i) Communicators are the sender
which has already, through the announced text of training, given basic information about
education or has already lured the recipient through directive and obligation statements. So
both the sender and the recipient have access to basic information about the education, and
confirm their participation and interest by filling out the application form, (ii) application's
primary purpose of communication is to establish a binding relationship of the recipient
towards the sender and vice versa; obligations set forth in the application form are expected
to be met, (iii) fundamental communication process of the application form is declaration and
commitment, (iv) communication situation using the application form is to set the arrival and
participation and therefore the payments, and so to guarantee a place and the necessary
materials for the seminar, and to prepare an invoice statement for education, and (v)
communication subject is the consummation of the education content.
Engel distinguishes non-typified and typified application form 9; p.135, though does not
recognize non-typified application forms as particular text genres, but categorizes them as
business or private letter text genres.
HGK-ŽKR uses a standardized and schematic application form at macro- and microstructure
of the text. The text is entitled “Application for participation in the seminar or workshop”.
It is followed by the name of the topic of education as well as allegations of time and place.
That part still belongs to the introductory part of the text, e.g.: “Pay system and monitoring
work performance, on Wednesday, April 16th 2008, 09:00 am, HGK-ŽKR, Bulevar
oslobođenja 23, Rijeka (large hall, ground floor)”.
This is followed by a binding statement which guarantees the participation, which represents
the central part of the text. Graphics include a box in which the communicator, using the
cross sign, indicates his willingness to participate, followed by a binding statement in the
form of a statement: “YES, I apply to participate at the seminar”. Both partners expect the
fulfilment of commitments or promises after signing this statement.
Informative table follows, stating the basic information about the communication partner who
has committed to participate in the seminar, i.e. company name, activity, position, title,
address, fax, e-mail and telephone number, date and signature of the attendee. Statement that
has an informative function as well as functions to orient and register, serves as an implicit
binding statement, since in a case of attempted manipulation, the recipient has the basic
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information of the senders and vice versa, and may require settlement of possible sanctions in
both cases - the sender and the recipient.
Final part of application form is a form of notes which instructs recipients and notes that the
application is time-limited, i.e. that the recipients may apply until a fixed date in order to
participate the event. This statement is entitled “Note”, for example: “Note: Please send filled
application form via e-mail or fax no later than April 14th 2008 so that we can provide you a
spot. Thank you!”
After this final formula there is no salutation formula or signature of the organizer.
In communication of INA and HSUP, application form also appears as a mean of
communication. It is interesting to note that examples of texts obtained for review in this
study were sent from public to INA and HSUP. Seven application forms, generally containing
the same elements, have been analyzed. However, it cannot be noted that the application
forms in INA are strictly schematized and standardized as in the HGK-ŽKR, since they do
not show stability, such as a code of ethics nor a calendar of working hours in INA.
Introductory signals follow in a form of an announcement of the meeting type or similar,
together with the topic and title; it is also common to state the time and place of the meeting.
This is followed by a graphically separated section listing the information about the recipient,
name, company, e-mail, fax, address, registration number of the company, stamp and
signature of the recipient.
Formulation that has commissive function serves as an introduction into the above mentioned,
e.g.: “Yes, we accept the organizers’ propositions and register for the / participation in the ...”
After that, some of the terms and propositions of participation are cited, such as Registration
fee, what is included in registration fee (e.g., lunch, promotional materials, or something else).
If registration fee or any other form of payment was mentioned, then a statement from the
directive function follows, for example: “... please pay the registration fee to the account of
HUM-CROMA no ...”
Some applications even have notes, e.g.: “… Number of participants is limited due to
capacity of the hall so please book your spot at the latest ... because the hall will be booked
according to the order of registration ...”
Such statements have an instructive function since they give an advice to the recipient and, if
he accepts it and fills in the application form, this goes in his favour.
Final signals again have directive function since they usually refer to the filling in and
sending the application form, followed by the statement that the sender is at one's disposal for
further information.
In the INTEGRA communication 41 applications were found and all applications are, as in
HGK-ŽKR, standardized and schematized, at the micro and macrostructure. Title
states: ...Registration for the seminar…and unlike the application forms of HGK-ŽKR, INA
and HSUP do not state the topic of the seminar time or venue as the introductory signal, but
the prices of seminars for companies and individuals, for example: “COMPANY: 1
application per person = 980,00 kn ..., INDIVIDUALS: private persons (pay in cash) =
650,00 kn ..., etc.”
Main reason lies in the fact that such applications are attached to the invitation or
announcement of seminars, and it is not necessary to quote the title or the topic of seminar
once again. This statement, which specifies the cost function, is informative.
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Later on, we obtain further information about the discounts that can be obtained. Application
continues with the directive statement which indicates the fee payment: “... Registration fee
will be paid in before the seminar opening, to the INTEGRA account no ...”
This formulation is in the 1st person plural, which is quite unusual for management text
genres, since such a statement has a dose of “patronizing” behaviour, i.e., the manager of
INTEGRA patronizes the recipients as if they were a group that has to be guided and taught.
The reason for this relationship probably lies in a long lasting cooperation of INTEGRA with
a specific group of translators and with the same recipients always. Commissive statement
that obliges the recipient to participate is also the central part of the text. This is a graphically
separated part which specifies the recipients’ data, i.e. their names, company names,
registration numbers, addresses, phone numbers, e-mail address, place of registration, date
and signature of the person liable. Continuation gives a directive statement which indicates
where to send the application form (e-mail, fax, address).
This is followed by an interesting formulation that is not found in the application forms of
HGK-ŽKR and INA, and HSUP: “General conditions of participation in seminars” and this
indirect directive statement has the function of informing the recipient what to do, at the same
time, not giving him a choice, for example: “... Phone application for individuals (also by fax,
mail or internet) with payment in advance ...“
Final signal of the INTEGRA application form is signature of the organizer, followed by the
company stamp and the date. Application form is used for external communication in
organizations. Applications are mostly standardized and schematized. They have the same
elements at macro level:
INTRODUCTION
Header
Subject
CENTRAL PART
Event information
Participants data (table)
(Participation regulations)
CONCLUSION
Instructions on how to apply
(The formulation of being available for further information)
(Signature)
At the lexical level in the introductory section and in the text subject, occurrence of noun
application forms is confirmed in all the analyzed corporations. Central part of the text
presents numbers that show the time and venue of the event, and they were detected in the
final section of text that indicates the cost of the event as well, e.g.: “April 16th 2008 at 09:00
pm or 1 application per person = 980,00 kn etc.” Nominal phrases from the language of
education organization and symposia were detected in all cases, e.g. seminar, workshop,
symposium, conference, participation, registration fee, conditions of participation, deadline
for registration for a seminar or a conference, etc.
In addition, frequent use of the verb report has been detected, which points to the need for
filling out the application form and booking the event. Final section of the text, with the
instructions on how to apply, shows payment and cost of events, e.g. price of the seminar,
price for private persons, price for companies, registration fees, payment of registration fees,
company bank account, prepayment etc. Dependent clauses prevail at the syntactic level.
TEXT GENRE: CONTRACT
In text linguistics theory, a prototype for bilateral commisive is the text genre contract which
is very important for the function of the corporation.
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“A contract is a mutual pair of commitments made by two contracting parties. Party A
promises to do something for party B in return for which party B promises to do something
for party A. The two commitments are not independent; in a genuine contract one is made in
return for the making of the other. And this gives rise to the standard doctrine of the quid pro
quo element of contracts” 10; p.197.
Contract is a text genre that has rather often been tackled with in text linguistics, and it is
stated that a contract is an agreement between two or more parties, which confirms what has
previously been agreed, or has been the subject of a debate in oral form, and usually seeks
legal mediation through third parties (lawyers) who, in written form, lay out what has been
agreed between the two parties and whose agreement is the subject of the contract 11, 12.
The aim of the contract is an attempt to coordinate various interests on the basis of mutual
trust and the parties alone can devise the content of the contract and may, through legal
regulations, legally define that content to suit their goals. Reasons for classifying a contract as
a genre of bilateral commissive are as follows 8; p.538: (i) communicators are the sender
that, using directive and obligative statements tries to “force” the recipients onto a certain
mode of behaviour. Both the sender and the recipient demand fulfilment of certain
agreements determined by legally formulated regulations, (ii) primary communicative
purpose of the contract is to establish a binding relationship between the sender and the
recipient and vice versa, obligations set forth in the contract are expected to be fulfilled, (iii)
fundamental communication process of the contract is bounding according to the contract
regulations, (iv) communication situation of the contract is to determine the behaviour mode,
and (v) communication subject is consummation of the contract content.
Contract as text forms represent a unique blend of general and specialized knowledge,
projected to the language 8; p.535, where general language is used in statements that
describe and state goal of a contract and specialized language is used in legal provisions (and
this is the part that is usually determined by third parties, i.e. a lawyer). Nineteen contracts
were found in INA and HSUP, and they are generally sponsorship contracts. Thus, here we
are talking about external, symmetrical, interprofessional communication.
At the macrostructure level, this text genre is divided into paragraphs or articles preceded by
an introductory signal, i.e. names, registration numbers, addresses, their legal representatives
and their positions and parties of the contract. This is followed by the formulation: “... on the
day ... they have signed the following SPONSORSHIP AGREEMENT ... in Zagreb ...”
Mandatory formulation of the contract, which also falls into the introductory signals category,
is the contract number and contract subject.
Full text of the agreement is divided into articles (e.g. Article 1 – Article 9), whereas each
article is a separate text section and a separate unit. Text parsing facilitates understanding of
the entire contract as well as understanding of individual articles. At the same time,
commissive function is to engage both communicators to fulfilment of actions and it can be
seen as dominant, while the content of any specific article is subsidiary.
Each article is entitled, i.e. presents an opening signal and formulations that determine each
article as whole or as a separate topic, for example:
article 2 Acting party obligations
article 3 Employer obligations,
article 4 Service price ... etc.
Moreover, function of each article of the contract supports the function of the entire contract.
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Coherence of individual articles or text sections is achieved by denotative "invocation" to
acting parties 8; p.536, or the denominations acting party and the principal within deadlines.
Pragmatic coherence is achieved by explicit or implicit repetition of the subject or content
regulated by the agreement, and semantic coherence through nouns or verbs of the same
semantic field, i.e. nouns: acting party, principal, contract disputes, agreement, rules of the
profession, etc., or verbs: maintain, perform, publish, ensure, acknowledge, deliver, pay, etc.
If we consider the lexical level of text, frequent repetition of nouns, verbs and phrases such
as: “... acting party, principal, obligations, is due to, is obliged to, etc. ...” indicates the use of
terminology from the field of legislation, and we can say that the contract language is on the
verge of legislative language, for example: “... Acting party obligations: Principal is obliged
to ensure production of promotional materials and promotional messages, according to
Article 2 of the contract and deliver it forehand ... etc. ...”
Last or the last but one article of each contract is entitled “Final regulations”, and the
statement that follows has a declarative function, e.g.: “This contract comes into effect and
becomes effective when signed by the authorized representatives of both parties, and is
applicable from ... to ...”
Final signal of the contract usually refers to the number of copies: “This Agreement is made
in 4 (four) copies, of which the acting party retains 2 (two) and principal 2 (two) copies.”
Signatures of the recipient and the sender follow (when talking about contracts it is better to
call them communicators): “For acting party ... and ... for principal ...” Signature has a
directive and obligative function, since the directive function is manifested in signature in the
case of conformity with the provisions of the contract and obligative function is reflected in
the necessity of fulfilling the provisions of the contract signed.
Contract serves to communicate between INA and HSUP corporations, and at macro
structural level contains following elements:
INTRODUCTION
Corporation data
Signing the contract formulation
CENTRAL PART
Contract content
CONCLUSION
Formulation on the number of copies of the contract
Signature
TEXT GENRE: NOTICE OF READINESS
Notice of readiness is used in INA and HSUP communication. This text form is, in structure,
very similar to the contract. Eleven notice of readiness were found in the corpus, and at the
level of macrostructure they are schematized and standardized (at least in the case of INA and
HSUP), and thus guarantee the communication stability and the communication result.
Fundamental purpose of this communication is to oblige the text communicators to sign the
contract, and in a later phase, to implement an act or a service. Notice of readiness is a form
of pre-contract. Reasons why notice of readiness is classified as a genre of bilateral
commissive are as follows 8; p.538: (i) communicators are the sender that, using directive
and obligative statements, attempts to force the recipient to the behaviour that is later fixed
through a contract. Both the sender and the recipient demand the fulfilment of certain
agreements that will be determined through legal formulations of the contract, (ii) primary
communicative intent of the notice of readiness is to establish a binding relationship between
the recipient and the sender and vice versa, in terms of signing a binding contract that follows,
(iii) fundamental communication process of notice of readiness is binding in accordance with
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the agreement, (iv) communication situation of notice of readiness is to determine the
behaviour modes, and (v) communication subject acts in accordance with the provisions of
the notice of readiness.
The aim of the notice of readiness is to try to establish mutual trust between the sender and
recipient in order to, at a later stage, communicate through means of contract; hence notice of
readiness already determines the future provision of the contract.
Realisation of some corporate affairs does not exceed the notice of readiness, i.e. does not
proceed onto a next level - the contract, therefore, business is performed in agreement with
the notice of readiness’ regulations, so this text genre can be characterized as an agreement
rather than a notice of readiness.
Introductory signals of the notice of readiness are the same as in contract, (information about
the sender and the recipient, addresses, registration numbers, etc.), followed by the
formulation that expresses the content or objective of the notice of readiness. Later on, there
is a statement: “The parties agree to the following: ...”, followed by the formulation of
commissive function for the sender and the recipient, entitled as Sender’s obligations and the
recipient's obligations.
Unlike contracts, notice of readiness does not articulate the global structure through articles
or paragraphs, but descriptively states commitments of both parties. Final formula is the same
as in the contract: “This notice of readiness is made in 2 (two) identical copies, each party
retains one, and all changes and additions must be presented in written form and is be signed
by both parties ...”
This final formula has a directive function, as well as the signature of both parties which has
directive and obligative function, as is the case with the contract.
At macro-structural level, notice of readiness shows the following elements:
INTRODUCTION
Corporation data
Formulation of content description
CENTRAL PART
Notice of readiness content
CONCLUSION
Formulation on the number of copies of the contract
Signature
At the linguistic-stylistic level, use of verbs that in some way bind to performing or not
performing an action is evident, therefore verbs commonly used are: must, sign, agree,
committed, be bound, be obliged, prepare, do, etc. Frequent use of nouns and phrases, whose
function is to emphasize the obligations after signing the notice of readiness, is also evident,
such as: obligation, agreement, obligations of the recipients, obligations of the senders.
Phrases from legislation are also present, e.g.: parties, identical copies of notice of readiness,
must be signed by both parties, must be presented in written form, etc.
Abbreviations or anglicisms are not used in such texts, which is logical in the case of
abbreviations since ambiguity should be avoided, therefore all data is cited in full. As for the
functional style, administrative-business style which borders with scientific style prevails in
notice of readiness.

CONCLUSION
Commissives from the corpus of this study are represented by subtype bilateral commissives
in HGK-ŽKR communication (application form), INA and HSUP (contract, notice of
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readiness and application form) and INTEGRA (application form), while UNILEVER
communication does not provide a single text of this subtype.
Bilateral commissives from this corpus serve external communication (INTEGRA with
application form, INA with contract, notice of readiness and application form, HGK-ŽKR
with the application form), as well as internal communication. These texts serve as horizontal
(application, notice of readiness) and vertical (sometimes contract), and intraprofessional
communication.
At the macro structural level, contracts and notices of readiness show great similarities, since
they contain the same elements, namely: subject of the contract, terms and signatures of both
communication partners. Application forms of INTEGRA and HGK-ŽKR also exhibit some
similarities (in the opening and closing part of the text), while other texts show rather great
differences at all levels (see commissives’ analysis).
The text is mainly divided into sections, articles, or clauses (e.g. in a contract and notice of
readiness) in the corpus examples.
Commissives from the corpus use the following textual-linguistic means: formulations which,
in case of failure to comply with the conditions mentioned in the text, indicate legal
consequences (e.g. in contract or notice of readiness), time restrictions (e.g. on the application
forms as limits for application deadlines, or in notices of readiness as time limit allowed for
duties' task completion), price and discount is often specified (e.g. in contract), formulation of
detailed description of the text subject is often used (especially in contract and notice of
readiness), when specifying obligations of both parties, verbs are in passive form, numbers
(e.g. prices) and other symbols are stated, (e.g. in contract), abbreviations, acronyms, and
anglism rarely appear (especially in notice of readiness and contracts) since ambiguity or
wrong interpretation should be avoided.
Sentences are generally clear and explicit, mostly dependent clauses are used, terminology
used mainly belongs to language of legislation (in the contract or notice of readiness),
language of the education organization (in examples of HGK-ŽKR and INTEGRA
application forms) or oil and gas technology, graphics are not used within text.
Bilateral commisives used in the communication of corporate and institutional management
according to their structure and inventory belong to a certain management communication tool,
which enables successful implementation of corporational and institutional philosophy and ideology.
This ideology enables the achievement of institutional and corporational goals and profit.
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SAŽETAK
Ovaj rad prikazuje i analizira tekstne vrste koje pripadaju tipu bilateralnog komisiva koje menadžment najčešće
koristi u komunikaciji s kojom realizira ciljeve korporacije.
Rad pristupa analizi teksta s lingvističkog aspekta, služeći se literaturom koja obrađuje tekstne vrste i tekstne
tipove teorijom tekstne lingvistike. Tekstne vrste se promatraju kao stvarna realizacija tekstova u komunikaciji,
a njihova komunikacijska funkcija je najvažniji parametar za određivanje tekstnog tipa. Analizom tekstnih vrsta
koje pripadaju tipu bilateralnog komisiva, a koje se javljaju u korpusu, želi se pokazati da menadžment koristi
specifični leksik, gramatičke oblike i sintaksu u komunikaciji bilateralnim komisivima. Tekstne vrste koje su
analizirane prema svojim mikro i makrostrukturalnim karakteristikama tvore specifični komunikacijski model
kojim se koristi menadžment u zadanoj komunikacijskoj situaciji.

KLJUČNE RIJEČI
menadžment poduzeća, korporacije i institucije, tekstni tip, tekstne vrste, komisivi, bilateralni komisivi

203

Interdisciplinary Description of Complex Systems 10(2), 204-212, 2012

RESEARCH SYSTEM OF THE ORIGIN OF
A MUSICAL WORK: CASE STUDY OF
MOZART’S CLARINET CONCERTO K622
Mihael Paar*
Woodwind Department, Conservatory of Music Ferdo Livadić
Samobor, Croatia
Regular article

Received: 23. March 2012. Accepted: 30. May 2012.

ABSTRACT
Revealing the origin of a musical work represents a process of data gathering. Therefore, it requires a
well-developed system of their aquistion, verification and synthetisation. Based on and derived from
the case study of Mozart's Clarinet Concerto K622, a research system of the origin of a musical work
has been developed in this paper. By employing its structural elements it is possible to make a solid
framework within which the comprehensive review of the origin of the work can be given. The
system bears general features and it is applicable for any of the musical works. It proved to be
efficient platform for the case study of Mozart’s Concerto.
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INTRODUCTION
Research in the field of origin of a musical composition represents the necessity for scholars
and performers alike. Various reasons form the urge to explore the background of the
respective piece: new insights into the composer himself, his style and the period of time he
belonged to, better understanding of the music for performers and listeners, its reception at
the time and today, valuable insights for music publishers and instrument builders. The
research process should stretch from exploring the social-historical context in which the piece
was made to its purely musical component. Every piece that has its background fully
explained, fills one chapter in the musicology and provides its performer the background for
more effective and concise interpretation. In contrast to non-performing arts which present
themselves as such, music requires an intermediate – interpreter upon whose knowledge,
besides his craftsmanship and talent, depends the credibility of staging that very piece. This
knowledge comes as a result of research and it can prove critical in the performance practice.
For the musicology, i.e. historical musicology the research of a musical composition and its
origin stands as one of the core interests aside with composers themselves, periods, music
forms, performance practice, reception and criticism of music. Artistically most valuable
works, as understandable, are in the main focus of musicologists. Some of them however,
hide the origin that cannot be fully or even partially explained, thus putting them further into
the focus; for many of them one has little background knowledge. This can go to the extent
that neither the year of the work's birth, nor even its authorship can be established. For
example, the authorship of some of Mozart’s early works is still disputed. Famous
H.J.Baermann’s Adagio was long-time falsely attributed to great R.Wagner. Also, it is not
uncommon, especially in the early time of music to find numerous pieces that have not been
attributed to anyone and therefore signed as anonymous.
Mozart’s Clarinet Concerto K622 falls into that very group of works whose rich, yet today
mostly revealed background captivates the attention of scholars and clarinetists alike. Being
at the same time one of the greatest masterpieces of the western music, its highly dynamic
‘non-music’ aspect gets on its value even more rapidly. Long-time debated issue of Concerto’s
authentic text and the corresponding instrument stands in the center of that topic. It is well
known today that neither of these – the way we have been accepting them for more than a
century and half – correspond to their originals to the extent that the meaning of work changes
dramatically. Understanding of this seems logical today, but one should bear in mind that this
is a progressive shift in the paradigm that was unfolding over several decades by the synthesis
of the musicologists’ individual researches and observations by the clarinetists themselves.
This paper aims to provide a system of research of the origin of a musical work based on the
case study of the above mentioned Mozart’s Clarinet Concerto. It also aims to point out the
importance of joint roles of scholar and performer (in one person) to better understand the results
of the research process and the piece itself as to get a comprehensive insight to the topic explored.
Following this introduction, the research system of the origin of the musical work will be presented.
Afterwards, the case study of Mozart’s Clarinet Concerto will display a concrete example,
followed by the author’s experience gained while conducting the study. Finally, the conclusion
section will give the explanation of the paper results and recommendations to other scholars.

RESEARCH SYSTEM OF THE ORIGIN OF A MUSICAL WORK
There are several elements that form a circle in the system of research of the origin of a
particular piece of music. The period of the work being born in, its form, scoring, its
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dedication and authorship are the points around which the process of research should be
conducted. Circumstances, which in turn can interweave around the work (e.g. lost
manuscript, loss of the original instrument, wrong dating or authorship), may on the other
hand aggravate the research. Furthermore, the data source is also determined by the
development of technology. For example, the end of 19th century reached the technological
level needed to create the audio recording, therefore performance of works recorded at the
time, became an authentic sound recording document. This source provides a wealth of data,
primarily in the area of performance practice of the time, as well as the ideas of the composer
himself, who most probably supervised the performance itself, or even participated in it. On
the other hand, one can read a lot about the virtuosity of Paganini or Mozart, but their
performing craftsmanship will never be possible to experience audibly. The research of their
music cannot for this reason include this point.
The first step always begins with a review of existing literature on a given piece. There is a
major difference, however, in the extent of the literature regarding the large scale works and
the smaller ones - in the form, scope and scoring, but not necessarily of lower value. Capital
works of great masters are generally well researched and exhaustively covered with a number
of studies, reviews, conference papers, and often with many literary titles. Mozart’s Concerto
for clarinet belongs to a group of capital works of great masters, but it is substantially
different from other works in this group, because of its extremely intriguing history which
has significantly complicated the task for musicology. This history was full of poor
information, oversights and faulty traces, leaving the origin of the work in a kind of vacuum
which has partially continued till today. The result of this is an extremely slow process of
comprehending it, which started about 150 years after the work originated, i.e. during mid20th century. Not having a comprehensive book study of this masterpiece until 1996, when
Lawson's Mozart: Clarinet Concerto appeared, is an example of this slow process. Colin
Lawson synthesized the existing knowledge, added his own observations and set everything
in a well-developed frame. However, the book leaves number of questions open, primarily
because the autograph of the Concerto is lost. In other circumstances this might not have been
a problem, but in the case of Mozart's Clarinet Concerto it is a basic problem which will be
discussed in detail in the following section – the case study of the Concerto. Lawson himself
confirms the significance of the thought stated above, ending his book with the remark that
“not even two hundred years after the disappearance of such a precious manuscript, it would
be too premature to regard this loss as irrevocable” 1; p.78.
Reviewing the literature we will come across the two types of sources: publications that are
thematically devoted exclusively to the work that we are interested in, and more often,
publications of much broader themes which very scarcely and only in one of their segments
extend to our area of interest. This second type includes the textbooks of the history of music,
its different periods, styles and schools, analysis and history of musical forms and techniques,
history of instruments and biographies of composers. The correspondence of composers,
especially when it comes to Mozart, occupies a special place. Mozart, his family and friends
developed extensive correspondence, numbering up to 1400 letters. There are many things we can
learn only through these letters, starting with descriptions of everyday life through interpersonal
relationships to the details of originating the works and directions for their performance.
Given that the research will mostly refer to works that are little or not at all covered by
separate studies, or those with special problems such as Mozart’s Concerto K622 which
includes undergoing studies, most of the information we will have to derive and extract from
the publications of much broader themes. This is a demanding process because it assumes
extensive literature reviewing, but the final result is rewarding, for it ensures a
comprehensive insight into the style, form, instrument and the author of the work, the origin
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of which we are interested in. On the basis of this the researcher will be able to give his own
insight inspired by the broad context gained reviewing the literature of the general topics,
which he would be deprived of, had he been focused only on a narrow area of the respective
work. Finally, a review of the literature devoted exclusively to the work itself would lead
only to existing knowledge without having greater opportunities to discover new knowledge
or make new conclusions.
The subspecies of literature that should be examined, which specifically applies to music, are
most certainly prefaces of scores as well as liner notes of sound records of a respective work.
These are usually short texts that can nevertheless, provide valuable information and insights.
The editor of score editions will usually give a brief insight into the origin of the work, and
then focus on the major points that led him when redacting the score. The liner notes also
present a brief historical overview, often turning into essayistic tone in which the author gives
his personal view of the work, possibly with some data about the recording itself. Often the
performers themselves are the respective authors of liner notes. The program notes of concert
performances represent a similar source. The contemporary program notes however, as well
as possible prefaces and reviews of score editions may be seen as extremely valuable; they
will particularly be critical in revealing the case of the Mozart’s Concerto K622.
Investigating the origin of the work as a historian, the researcher must at the same time be the
expert of the work as such – of its formal and harmonic structure and the associated
instrumentation. To reach this capacity, he has to conduct the appropriate analysis which is
fundamental for the understanding of the work itself, and thus setting the more appropriate
and efficient research system. Following this, the researcher should study well the entire text
of the score, starting with the analyse of the manuscript (if preserved), compare different
printed editions, and ultimately, in the ideal case, be familiar with the work at the performer –
artist level. The situation we are facing now is the idea of dualism scholar-performer, i.e.
scientist-artist in one person as to feature the importance of combining scientific research
with performing practice. An example of this is the above mentioned clarinetist and scholar
Colin Lawson, whose artistic and scientific dualism ensures complementarity and
inclusiveness in his access to a musical work that he explores. Certainly, when researching
the works written for solo instruments, i.e. the work putting one instrument in the forefront,
this is most often the case; practice shows that in these cases, leading researchers are being
recruited directly from the field of active musicians. Experience that brings the ability to
perform a musical work as well as the overall of performing art on the instrument for which
the said work was written, certainly gives the researcher the competitive edge over the others.
Finally, as an additional, but uncommon source of information may prove to be the word of
mouth, usually present through educational activities in the classes of eminent artists, an
option that is more available to the already mentioned scholars who also serve as performers.
Although, the data collected that way do not have a scientific background and may not
always be verified, not to say that many of them are not even written down, we should,
however, not hesitate using them, at least sporadically, as a small addition to our research.
After all, they are often at the narrative level and of the anecdotal type.
Order for the sources to be used:
1) literature focused exclusively on work being explored,
2) broader themes in the literature where the work is sporadically mentioned in a wider context,
3) prefaces of score editions, liner notes and concert program notes,
4) correspondence of composers,
5) data gathered through the word of mouth.
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Simultaneously, formal-harmonic analysis of the work and associated instrumentation should
be carried out, as well as the study of the manuscript (if preserved) compared with different
printed editions. The conclusions from the position of the interpreter (if the researcher is also
interpreter) should be drawn out likewise.

CASE STUDY OF MOZART’S CLARINET CONCERTO K622
The following section represents a shortened version of the case study of Mozart’s Clarinet
Concerto presented within the master thesis “W.A.Mozarts Klarinettenkonzertes KV 622 in
Geschichte und Gegenwart” by the same author (Mozarteum University Salzburg 2006, AC
number: 05899386). The study explains the circumstances which led to creation of the Concerto,
those that fold upon its creation and the unfolding process that began in the mid-20th century.
At the end of his life in 1791, Wolfgang Amadeus Mozart (1756–1791) wrote the Clarinet
Concerto as his only piece for the clarinet solo, his last instrumental work, as well as one of
his last works altogether. He noted the piece in his own personal files written during the last
ten years of his life, as penultimate, followed only by the Masonic Cantata K623.
In order to be able to follow the creation of the Concerto we must go back to the year 1784. It
was then that Mozart met Anton Stadler for the first time (1753-1812), the clarinetist
performing one of Mozart’s serenades for wind instruments. Stadler's joining the Mason’s
lodge was the beginning of their friendship. In the meantime, around 1787 Mozart wrote a
199 bars long sketch of the Allegro in G–major K621b for a scarcely known instrument
called a basset horn. For some reason, he did not write any more of this piece at that time.
However, he returned to the sketch around mid-October 1791, but this time he gave up his
idea of the Concerto for the basset horn. Instead of that, he transposed it into A–major,
slightly modified the orchestra scoring and completed it as the first movement of the
Concerto for a special type of the clarinet which will later be named as a basset clarinet. Prior
to Concerto in 1789, Mozart wrote a Clarinet Quintet which was also conceived for the basset
clarinet and dedicated to Stadler.
But, the existence of the basset clarinet and the fact that both, Concerto and the Quintet were
originally written for the basset clarinet, so not for the normal clarinet, are the facts that have
been unfolding only for the last sixty years. Until then the Concerto was being performed on
a normal clarinet, and upon the moment there was little doubt that it shouldn’t have been so.
The basset horn, the instrument Mozart first intended his Concerto to, was a clarinet auxiliary
instrument with a distinguished feature of descending to low C. It was not very handy to play
on, and it was not flat like the clarinet, but curved. Only a few composers wrote for this
instrument. Mozart being one of them, wrote some of the finest pieces for the basset horn, in
particular, solos in the Magic Flute and in the famous Requiem.
On the other hand, there was a basset clarinet, a unique instrument which combined features,
both of the clarinet and the basset horn. Anton Stadler was quite certainly involved in its
construction by fitting the clarinet with extra keys which extended its compass downwards by
four semitones all to the low C – a feature typical for the basset horn. It is to assume that the
features of this new clarinet gave a boost to Mozart to write a Concerto for it, using the
earlier mentioned sketch of the Allegro for the basset horn.
However, the basset clarinet as an extremely rare instrument, went out of fashion soon after
Mozart’s death, therefore when the publishers in 1801 first published the Concerto, they
arranged it for the normal clarinet. Since Mozart’s manuscript was in the meantime lost, the
Concerto continued to be played in this arrangement long after. The same thing happened
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with the Quintet which was arranged for the normal clarinet and the autograph of which
cannot be traced to this date as well.
The arranger of the Concerto, whose identity still remains a mystery, had to change the
clarinet part in many passages to compensate for the loss of the basset tones. So he had to
modify or transpose an octave up those four lowest notes intended by Mozart for the basset
clarinet, because they could not be played on the clarinet of a normal compass. Even though
the arranger had done it quite skillfully, Mozart’s original idea was not everywhere equally well
concealed, therefore some phrases stood out because of their oddity and lack of melodic logic.
First doubts about this, i.e. the authenticity of the text appeared with Oscar Kroll, who
analysed the Concerto in his book The Clarinet finished in 1944 but published only in 1965,
and with George Dazely in his article The original text of Mozart’s Clarinet Concerto dating
back to 1948. Kroll stated with great certainty that Mozart had originally written his Concerto
for a clarinet extended to low C, i.e. basset clarinet, displaying two of the most unusual
phrases to support this 2; p.41.
Mozart’s autograph of the Allegro’s sketch in G–major that he applied for Clarinet Concerto,
emerged in 1951 in the Swiss town of Winterthur, having become known as Winterthur
Fragment. Since the Sketch is in its contents basically the same as the Concerto’s first 199
bars, with the only difference being transposed into A-major, it proved to be a critical source
that confirmed Kroll and Dazely’s observations. It showed that the clarinet line indeed
descended to low C on many of occasions, including the usage of chromatic notes C# and D#.
First contemporary performance of the Concerto in the text reconstructed by Czech clarinetist
Jiří Kratochvíl took place in Prague in 1951, exactly 160 years after the birth of the work and
presumable Stadler’s premiere of it also in Prague. It was in Prague again, in June 1956 at the
International Mozart Conference, on the occasion of Mozart’s 200th birth anniversary, that the
reconstructed version of the Quintet was performed for the first time. Kratochvíl, the author
of several papers on this topic, was himself the performer this time. He coined the term
basset clarinet which so well describes the nature of the instrument that connects the clarinet
and the basset horn.
The year 1967 brought a final confirmation and closed the main question as whether the
Concerto was written for the extended clarinet and congruently whether the text which had
been in longtime use was inauthentic. In his article The original form of Clarinet Concerto
KV 622 which was published in Mozart-Jahrbuch that same year in Salzburg, scholar Ernst
Hess presented a newly-found review of Bretikopf and Haertl edition of the Concerto from
1801. A review, published in March 1802 in the German-language periodical AMZ
(Allgemeine Musikalische Zeitung – General Music Journal), points out in its last part that
Mozart composed this Concerto for the extended clarinet, while the editor published only the
modified version for the normal clarinet. The anonymous author of the review states eleven
different places that have been changed, which leads to the conclusion that he had had a
manuscript, or a copy of it, which enabled him to criticize the edition in detail. Thus the
AMZ’s review from 1802 confirmed the studies of Kroll, Dazely and Kratochvíl and gave a
powerful input for the further reconstruction of the text.
As for the instrument itself, doubts about its existence, though no model has survived, were
not as large as the doubts about the text of the Concerto. Furthermore, it was easier to believe
into the existence of the instrument, than to accept the fact that Mozart had written a
Concerto intended for it. The reason for this lies in the sources of information in which the
instrument is being mentioned as such. First of them dates from the concert program note of
Stadler’s concert back in 1788 at the Viennese court, followed by articles in the Backofen’s
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tutorial 3; p.35 and Gerber's lexicon 4. The resource that also provides the insight into the
design of the instrument and the connection with Mozart’s Concerto has been discovered only
recently. In 1992 scholar Pamela Poulin discovered the program note for Stadler’s concert in
Riga from 1794 where he performed Mozart's Concerto, which shows an engraving of his
instrument. This engraving, known as the Riga drawing, contributed immensely in the
reconstruction of Stadler’s clarinet just as strengthening its links with Mozart’s Concerto.
Today, on the basis of all documents found and the conclusions derived from the analysis of
melodic shape, there is no doubt that Mozart wrote the Concerto for the basset clarinet. Many of
the authorities were certain about this long time ago, including the British Jack Brymer 5; p.41.
The only dilemma refers to the reconstruction of the text which cannot be fully certain and
reliable. However, the point in question are only a few phrases, which even if not reconstructed
correctly, do not break the entirety and are reduced almost to a standard amount of dubiety
found in a number of musical works, mostly occuring during the copying and printing process.

RESEARCHER’S EXPERIENCE IN CONDUCTING THE STUDY
Case study of Mozart's Concerto shows intricate problems, which stand out from the average
background of other works in the repertoire. Accordingly, approach in its elaboration, demanded
a detailed development of a suitable research system described in the second chapter of this
paper. Dispersion of sources represented a major problem and only with the acquisition of all
of them, and with research process ongoing simultaneously, writing a case study could have
started. As a matter of course, in the process of elaborating it, new data and insights emerged
and pointed out to other sources which have then been obtained along the way. Even after the
completion of the study we have come across some more material. However, these were less
important data whose oversight did not substantially or nearly at all effect its quality.
Meticulously studying the gathered literature, a general picture of the entire case was
obtained, thus the process of synthetizing all relevant data and their generalization in the case
study began. The problems in forming the case study are primarily related to its structure which is
dominated by dense content in which chronological course could not have always been followed
given the multilayered nature of actions (development of the clarinet, history of publishing
the Concerto, tracing Stadler’s movements), and primarily because of critical information
discovery which had its own, parallel history in a different time frame. To say it otherwise,
the case study, although basically a historical review of the Concerto’s origin, was not quite
suitable to be entirely presented in a sequence, which would have facilitated its writing, but in
a way which meant combining the contents which was rarely not out of chronological flow.
The problem of data accuracy was also notable, as several descriptions of the same events
from different sources which did not completely correspond to each other, have been come
across. Given the imperfections and incompleteness of the authentic documents, such
situations are conceivable. For example, we can come across the information saying that
Stadler was the builder of the basset clarinet, or that it was Theodor Lotz, the court instrument
builder at the time. The cooperation of both is also possible, but it cannot be inconclusively
said who to and in what extent should the credit be assign to. Furthermore, regarding the
same issue, attributing the authorship for the name of the instrument meets a notable discrepancy.
Collin Lawson attributes the authorship to Jiří Kratochvíl 1; p.25, whereas Ronald Woodley
attributes it to the British Alan Hacker 6. Although it is more likely that Kratochvíl is the
author since he was involved in the instrument’s revival earlier than Hacker, it is as much
possible that Hacker himself did it, not knowing that Kratochvíl had already done it.
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CONCLUSION
Research system of the origin of a musical work as proposed and described in the second
section proved to be efficient platform for the case study of Mozart’s Clarinet Concerto
K622. By employing its structural elements it was possible to make a well-grounded
framework within which the comprehensive review of the origin of the work was
implemented. Combining roles of scholar and performer also proved to be one of the key
elements of the system as witnessed by the author of this paper and the authors mentioned in
it and referred to, the majority of whom being performing artists.
The mainstream literature represented the core research source, nonetheless did liner notes
and concert programs, consequently providing an additional insight into the topic. One should
be careful though, since those, as commercial material are not the subject to rigorous check
and thus can contain some discrepancies or even errors. For that matter the same goes even
more so with information gathered by the word of mouth.
Although based on and derived from the case study of Mozart’s Concerto K622, the research
system bears general features and can be employed for any of the musical works. However,
the work being researched will, owing to its profile, determine the scope and eligibility of
particular sources that are going to be used.
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SUSTAV ISTRAŽIVANJA PORIJEKLA GLAZBENOG DJELA:
STUDIJA SLUČAJA MOZARTOVOG KONCERTA ZA
KLARINET K622
M. Paar
Puhački odjel, Glazbena škola Ferdo Livadić
Samobor, Hrvatska

SAŽETAK
Istraživanje porijekla glazbenog djela predstavlja proces prikupljanja podataka. Tim slijedom nameće se potreba
za dobro razrađenim sustavom njihova pribavljanja, verifikacije i sintetiziranja. Na temelju studije slučaja
Mozartovog Koncerta za klarinet K622 u ovom je radu osmišljen sustav istraživanja porijekla glazbenog djela.
Koristeći njegove strukturalne elemente moguće je stvoriti čvrst okvir i unutar njega dati sveobuhvatni pregled
porijekla glazbenog djela. Sustav nosi opće odlike i primjenjiv je u istraživanju bilo kojeg glazbenog djela.
Pokazao se učinkovitom platformom u izradi studije slučaja Mozartovog Koncerta.
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sustav istraživanja, porijeklo glazbenog djela, studija slučaja, Mozart, basetni klarinet

212

MANUSCRIPT PREPARATION GUIDELINES

Manuscript sent should contain these elements in the following order: title, name(s) and surname(s) of
author(s), affiliation(s), summary, key words, classification, manuscript text, references. Sections
acknowledgments and remarks are optional. If present, position them right before the references.
ABSTRACT Concisely and clearly written, approx. 250 words.
KEY WORDS Not more than 5 key words, as accurate and precise as possible.
CLASSIFICATION Suggest at least one classification using documented schemes, e.g., ACM, APA, JEL, PACS.
TEXT Write using UK spelling of English. Preferred file format is Microsoft Word. Provide manuscripts
in grey tone. For online version, manuscripts with coloured textual and graphic material are admissible.
Consult editors for details.
Use Arial font for titles: 14pt bold capital letters for titles of sections, 12pt bold capitals for titles of
subsections and 12pt bold letters for those of sub-subsections.
Include figures and tables in the preferred position in text. Alternatively, put them in different
locations, but state where a particular figure or table should be included. Enumerate them separately
using Arabic numerals, strictly following the order they are introduced in the text. Reference figures
and tables completely, e.g., “as is shown on Figure 1, y depends on x …”, or in shortened form using
parentheses, e.g., “the y dependence on x shows (Fig. 1) that…”.
Enumerate formulas consecutively using Arabic numerals. In text, refer to a formula by noting its
number in parentheses, e.g. formula (1). Use regular font to write names of functions, particular symbols
and indices (i.e. sin and not sin, differential as d not as d, imaginary unit as i and not as i, base of natural
logarithms as e and not as e, xn and not xn). Use italics for symbols introduced, e.g. f(x). Use brackets and
parentheses, e.g. ( ). Use bold letters for vectors and regular GoudyHandtooled BT font (for MS
Windows) or similar font for matrices. Put 3pt of space above and below the formulas.
Symbols, abbreviations and other notation that requires explanation should be described in the text,
close to the place of first use. Avoid separate lists for that purpose.
Denote footnotes in the text by using Arabic numerals as superscripts. Provide their description in
separate section after the concluding section.
References are listed at the end of the article in order of appearance in the text, in formats described
below. Data for printed and electronic references is required. Quote references using brackets, e.g. 1,
and include multiple references in a single bracket, e.g. 1-3. Mention all authors if there are not more
than four of them, starting with surname, and followed with initial(s), as shown below. In other cases
mention only the first author and refer to others using et al. If there are two or more authors, separate the
last one with the word “and”; for other separations use semicolon. Indicate the titles of all articles, books
and other material in italics. Indicate if language is not English. For other data use 11pt font. If both
printed version and the Internet source exist, mention them in separate lines. For printed journal articles
include journal title, volume, issue (in parentheses), starting and ending page, and year of publication.
For other materials include all data enabling one to locate the source. Use the following forms:
[1] Surname, Initial1.Initial2.; Surname, Initial1.Initial2. and Surname, Initial1.Initial2.: Article title.
Journal name Vol(issue), from-to, year,
http://www.address,
[2]

Surname, Initial1.Initial2. and Surname, Initial1.Initial2.: Book title.

[3]

Surname, Initial1.Initial2.; Surname, Initial1.Initial2., eds.: Title.

Publisher, city, year,

Conference title, dates from-to year. Publisher, city, year of Proceedings publishing.
If possible, utilise the template available from the INDECS web page.
CORRESPONDENCE Write the corresponding author’s e-mail address, telephone and address (i.e., ).

ISSN 1334-4684 (printed)
http://indecs.eu

