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ABSTRACT
This study constructs a monetary gender growth model with capital accumulation and endogenous labour
supply. The real aspects of the model are based on the neoclassical growth theory and monetary aspects of
the model are based on the cash-in-advance (CIA) approach. We show that the dynamics of the economy
can be described by 2-dimensional differential equations. We simulate equilibrium and motion of the
economy with specified monetary policies, household preference and technology. As the monetary
economic system is unstable, the economy may either experience unlimited growth or economic crisis. We
also study effects of changes in some parameters on the economic equilibrium. For instance, as the woman
raises her propensity to stay at home, the capital intensity is not affected, which results in that the wage
rates, the rate and output level per unit of labour input are not affected. Nevertheless, the man increases his
work time and the woman reduces her work time, resulting in the fall of the labour supply. The money
holing, durable goods used at home and consumption level per household are reduced; also the total
wealth, total capital inputs, total durable goods and total output levels are reduced.
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INTRODUCTION
This study examines effects of gender differences in preference and human capital and
inflation policy on long-term economic growth. The supply side of our model is based on the
neoclassical growth theory. We introduce gender and money into the neoclassical growth
theory. Interactions between monetary policy and economic growth have been a significant
topic in macroeconomics over the past four decades (see [1-6]. Specially, [7] provides a
comprehensive review of the literature on monetary growth theory). Economists have
examined various channels through which monetary policy can affect economic growth.
Nevertheless, as observed, the literature remains silent on “providing a more complete
characterization of local and global dynamics so as to help assess how money supply and
banking policies affect macroeconomic performance in a short-run transition.” [8; p. 1684]. It
is important to provide a complete characterization of dynamic economic models and to
follow the motion of the entire economic system over time. To deal with this important issue,
we introduce money in a unified dynamic general equilibrium framework that is analytically
tractable, applying an alternative approach to household behavior. In our approach, money is
held because transactions need to be settled by payment via money. The first formal models
with money as a medium of exchange that facilitate transactions were due to Baumol [9] and
Tobin [10]. As cash balances are typically non-interest bearing, it is costly for individuals to
hold money. Clower [11] builds a model with money as a medium of exchange through the
so-called cash-in-advance constraint. The role that money plays in carrying out transactions is
modeled by introducing transaction technology. The approach holds that goods cannot be
exchanged for goods and only money can buy goods. Stockman [12] developed a growth
model through CIA constraints. The model predicts that there is long-run superneutrality if
only consumption expenditures are subject to a CIA constraint. If investment is also subject
to a CIA constraint then steady state capital will fall when the growth rate of money rises.
Although there are many models of economic growth, there are only a few formal economic
growth models which explicitly introduce gender into economic growth theory. As stated by
Moe: “While men and women interact as economic agents, both within families and in the
marketplace, historically, economists have modeled the behavior of men interacting in the
marketplace. Women and families were virtually ignored in economic thought before the 1960s,
and many argue that they continue to be marginalized in economic theory today.” [13; p. 3].
Berik and Rodgers observed: “Gender-aware analysis since the early 1970s has produced a
large literature showing men and women are affected differently by policies and processes
associated with economic development.” [14; p. 1]. Nevertheless, gender issues have been
formally studied in macroeconomics only in the last decade. Earlier studies of gender
economics were mostly microeconomic. As women have increased improved their formal
education, improved work skills and experiences, and increased labour force attachment,
women‟s effects on markets and macroeconomic performances cannot be ignored. As many
empirical studies confirmed, gender differences in preferences and human capital lead to
different economic phenomena within families as well as in economic development. In the
neoclassical approach, it is generally believed that gender inequalities resulting from disparities in
human capital will wither away in association with economic development [15-18].
According to Boserup, there will be a curvilinear relationship between economic growth [19].
Although productivity differences between men and women at low levels of economic
development are not large, as economic conditions are improved, productivity differences
tend to widen and a polarization and hierarchization of men‟s and women‟s work roles tend
to ensure. Nevertheless, further economic growth will bring about a closing of the gap. The
pace at which the gap is closed is dependent on many cultural, institutional, as well as
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economic factors. Over the years there have been a number of attempts to modify
neoclassical consumer theory to deal with economic issues related to family and gender (see
[20-26] for further literature on the subject). Nevertheless, one might argue that the
contemporary economics has failed to develop analytical frameworks to properly introduce
gender division of labour into economic growth theory with capital accumulation and
inflation policies. It is necessary to design an analytical framework by which economic
growth, family economy and gender differences be analyzed as an integrated whole. The
paper is organized as follows. Section 2 defines the monetary growth model with gender and
endogenous labour supply. Section 3 examines dynamic properties of the model, simulating
the motion of the economic system and finding out the unique equilibrium point and its
stability. Section 4 examines effects of changes in some parameters on the economic system.
Section 5 concludes the study.

THE MONETARY GENDER GROWTH MODEL WITH HOME PRODUCTION
The production aspects of the economic system under consideration are similar to the one-sector
neoclassical growth model proposed by Solow [27]. Production is generally described as
combination of multiple production factors such as natural resources, labour, and capital.
Time is represented continuously by a numerical variable which takes on all values from zero
onwards. As our model exhibits constant returns to scale, the dynamics (in terms of per
capita) will not be affected if we allow the population of all the groups to change in a
constant growth rate over time. We use family as production units in economic analysis1. In
addition to enjoyment, households also supply labour services, recreation, spiritual
experiences, as well as conventional goods of the do-it-yourself variety. Household activities
are conducted within houses as well as outside doors. These activities not only consume
goods (like eat fruits and vegetables) but also utilize machines like housing, video, TV,
cooking machines, cars, and the like. We further assume that each family consists of four
members – father, mother, son and daughter. The total population2 is 4N0. It is assumed that
only the adults may work. The children get educated before they get married and joint the
labour market. We assume that the husband and wife pass away at the same time. When the
parents pass away, the son and the daughter respectively find their marriage partner within
the same type of households and get married. The properties left by the parents are shared
equally among the male and female children. The children are educated so that they have the
same human capital as their parents. When a new family is formed, the young couple joins
the labour market and has two children. As all the families are identical, the family structure
is invariant over time under these assumptions. Let subscripts j = 1 and j = 2 stand for man
and woman respectively. Let Tj(t) stands for the work time of a representative household of
group j and N(t) for the flow of labour services used at time t for production. There is only a
single production sector in the economy and labour is always fully employed. We measure
N(t) as follows:
N(t) =
N0Tj(t),
(1)
where hj are the level of human capital of group j. We assume hj to be fixed. We have
N(t) = N0 (t), where (t) = h1T1(t) + h2T2(t).
We use the conventional production function to describe a relationship between inputs and
output. Total capital, K(t) is distributed between the industrial sector and home use. We
denote Ki(t) and Kh(t) as the capital stocks employed by the industrial sector and households,
respectively. Then, we have
K(t) = Ki(t) + Kh(t).
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Let (t) stands for the value of capital owned per household. We have (t) = K(t)/N0. We
introduce two variables, ki(t) and kh(t)
ki(t)

K i (t )
K (t )
, kh(t)  h .
N0
N0

The production function is F = A i
where  and  are parameters. The marginal
conditions are
f (ki )
r +k =
(2)
, wj(t) = hjw(t), w = f(ki),
ki

where f = A . The ratio of per unit time wage rates is equal to the ratio in human capital
between man and woman. This implies that there is no gender discrimination in the labour market.
Money is introduced by assuming that a central bank distributes at no cost to the population a
per capita amount of fiat money M(t) > 0. The scheme according to which the money stock
evolves over time is deterministic and known to all agents. With  being the constant net
growth rate of the money stock, M(t) evolves over time according to
(t) = M(t),  > 0.
The government expenditure in real terms per capita, (t) is given by
M (t) M (t)

(t) =
= m(t).
P(t)

P(t)

(3)

The representative household receives  m(t) units of paper money from the government
through a “helicopter drop”, also considered to be independent of his money holdings.
From M = mP, we have

(t) =

 (t)
P(t )
m

.
P(t )
m(t)

(4)

The household makes decisions on leisure time, consumption levels of services and
commodities as well as on how much to save. This study uses an alternative approach to
consumers‟ behaviour3. We now describe behavior of consumers. A representative
household‟s current income y(t) is given by
y(t) = r(t) k (t) + w1(t)T1(t) + w2(t)T2(t) –(t)m(t) + (t),
where (t) is inflation rate. The sum of money that consumers are using for consuming,
saving, or transferring are not necessarily equal to the current income because consumers can
sell wealth to pay, for instance, current consumption if the temporary income is not sufficient
for purchasing goods and services. Retired people may live not only on the interest payment
but also have to spend some of their wealth. The total value of wealth that a household can
sell to purchase goods and to save is equal to a(t) where a(t) = (t) + m(t). Here, we do not
allow borrowing for current consumption. We assume that selling and buying wealth can be
conducted instantaneously without any transaction cost. This is evidently a strict consumption
as it may take time to draw savings from bank or to sell one‟s properties. The disposable
income of a household is defined as the sum of the current income and the wealth available
for purchasing consumption goods and saving, (t) = y(t) + a(t). That is
(t) = r(t) k (t) + w1(t)T1(t) + w2(t)T2(t) –(t)m(t) + (t) + a(t).
Denote (t) the leisure time at time t and the (fixed) available time for work and leisure by
T0. The time constraint is expressed by
Tq(t) + (t) = T0, q = 1, 2.
Substituting this time constraint into the disposable income yields
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(t) = r(t) k (t) + w1(t)T0 + w2(t)T0 –w1(t)

(t) –w2(t)

(t) –(t)m(t) + (t) + a(t).

(5)

4

Assume that cash has to be held in advance of purchasing goods . The liquidity constraint of
the household is formed as
m(t) = {c(t) + [r(t) + k]kh(t)},
(6)
where  is a positive parameter5. We require 0 <   1The budget constraint is given by
c(t) + [r(t) + k]kh(t) + s(t) = (t).
Insert (5) and (6) in the above budget constraint
w1(t) (t) + w2(t) (t) + [1 + (t)]c(t) + [1 + (t)][r(t) + k]kh(t) + s(t) = (t),
where
y (t) = r(t) k (t) + w1(t)T0 + w2(t)T0 + (t) + a(t).

(7)

We assume that U(t) is dependent on leisure times, consumption level, housing, and savings
in the following way
U (t)  T1 01 (t)T2 02 (t)kh0 (t)c 0 (t)s 0 (t) , 0, 0, 0, 0 > 0,

where 0 is called propensity to consume housing, 01 and 02 the husband and wife‟s
propensities to stay at home, 0 propensity to consume goods, and 0 propensity to own
wealth. Becker [28] and Lancaster [29, 30] formally introduced the concept of household
production function. Instead of receiving utility directly from goods purchased in the market,
they assumed that consumers derive utility from the attributes possessed by these goods, and
then only after some transformation is performed on these markets goods. A typical example
is that the consumers purchase raw food in the market but they derive utility from the
consumption of the completed meal, which has been produced by combining the raw food
with labour and time in some environment. It can be seen that our utility function subject to
the budget constrains include the idea of household production function. Here, the propensity
to stay at home of a woman (or a man) is the aggregated measure of her propensity to enjoy
leisure and the propensity to conduct home production. The parameter value of the propensity
to stay at home is affected by many factors such as values, family game and economic
conditions6.
It should be noted that it is Reid who first explicitly treated the household as the locus of
production as well as consumption, even though Becker is often considered as the father of
the family economics7 [31]. As pointed out by Ferber: “Becker … does not appear altogether
serious about considering homemaking as real work, given his assertion that married women
„work‟ much less than single women.” [32; p. 9] Stotsky identifies a number of phenomena
related to gender differences and economic behavior [18]: (1) gender-based differences can
influence macroeconomic variables, such as aggregate consumption, savings; (2) these
differences may also affect the behavior of governments; (3) women tend to devote a larger
share of household resources to the households‟ basic needs and the children‟s fostering; (4)
women tend to have a higher propensity to save and to invest in productive activities and
show greater caution in saving and investing; (5) women‟s lack of education and other
economic and social opportunities, both absolutely and relative to men, inhibits economic
growth. It can be seen that these gender differences can be taken account in our model by
properly introducing endogenous human capital, discrimination in labour market, and
household preference8.
Maximizing U subject to (7) yields
w1 T1  1 y , w2 T2   2 y , 1  π   c  y , 1  π  r   k   kh y , s  y ,
where

(8)
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1  01 ,  2    02 ,   0 ,   0 ,   0 ,   ( 01   02  0  0  0 )1 .

Previous equations mean that the housing consumption and consumption of the good are
positively proportional to the net income and capital wealth, and the saving is positively
proportional to the net income but negatively proportional to the wealth. The wealth
accumulation is given by
(t) = s(t) –a(t).
(9)
The equation simply states that the change in wealth is equal to the savings minus the
dissavings. It is straightforward to confirm that K = Ki + Kh can expressed as
~
(10)
k t   T t ki t   kh t  .
We have thus built the model. The rest of the paper examines properties of the dynamic system.

THE DYNAMICS AND STEADY STATE
We first show that the dynamics can be expressed as a two differential equations system. The
following lemma is proved in the appendix.
LEMMA 1
The motion of the economic system is described by the following two differential equations
with ki(t) and m(t) as the variables
m  (m, ki ) ,

ki  (ki , m),

where (m, ki) and (ki, m) are functions m and ki defined in the appendix. All the other
variables are determined as functions of ki(t) and m(t) by the following procedure: k by (A8)
→ kh by (A1) → y by (A3) →  by (A6) → a  k  m → wj and r by (2) → f = f(ki) → Tj by (8)
→ Tj  T0  Tj → N → F = f(ki)N → c and s by (8).
The lemma is important as it enables us to following the motion of the system with properly
given initial conditions. We don‟t explicitly interpret the equations as the expressions are
tedious. We now examine stead states. From  =  – m /m we have  =  at a steady state. By
(9), we have y  a . From y  a and (A3), we have
m  0(ki )k  h* f ,

where 1/ –1 – and

0 ki    

f
ki



1



.

Substituting (A5) into the above equation yields

f
m π   1 
0 h*  h* π  1   
    

f   ki 
ki

π  and y  a, we solve
From (A5), m     y /~


f
 1 
m  (ki )  (h  h  π )    
ki

 ki 
*

*

1

 π 
   h* f  m  0.
 f 

~
  π   

 
 
 1  (1   ) π 
f 

 f    


(11)

1

(12)

Insert (12) in (11)

f   π 
 π   1 
 
(ki )  0 h*  h* π  (1   )
    

f   ki 
ki  f 
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LEMMA 2
An equilibrium value of ki is determined by (ki) = 0. For a given value of ki, the values of
the other variables are determined as the following procedure:  =  → m by (12) → k by
(A8) → kh by (A1) → y by (A3) →  by (A6) → a  k  m → wj and r by (2) → f = f(ki) → Tj
by (8) → Tj  T0  Tj → N → F = f(ki)N → c and s by (8).
Although it is straightforward to calculate the eigenvalues of the steady state, it is difficult to
interpret the stability conditions because expressions are tedious. We omit to explicitly
calculate the stability conditions. As the expressions are too tedious, we cannot easily
interpret the analytical results. For illustration, we simulate the model, specifying the
parameter values as follows
  1/3, A  1,2, N 0  10 , h1  1,5, h2  1,3,   0,8, T0  24,   0,02,
 0  0,02 , 0  0,09, 0  0,84, 01  0,08,  01  0,13,  02  0,15,  k  0,05.

(14)

Man‟s propensity to stay at home is lower than woman‟s but man‟s human capital is higher
than woman. The total productivity is specified at 1,2. Although the specified values are not
based on empirical observations, the choice does not seem to be unrealistic. For instance,
some empirical studies on the US economy demonstrate that the value of the parameter,  in
the Cobb-Douglas production is approximately equal9 to 0,3. With regard to the technological
parameters, what are important in our study are their relative values. This is similarly true for
the specified preference parameters. With the initial conditions, the changes of the variables
over time are plotted in Figure 1. The real rate of interest rises and inflation rate falls over time.
The output level per unit time and wage rates fall over time. Both man and woman reduce
their work times. The consumption level rises and the total output and wealth are reduced10.
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Figure 1. The motion of the system with money and division of labour.

With the parameter values specified as in (14), we find a unique meaningful solution of (13)
as illustrated in Figure 2.
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ki 

5

3,2

3,4

3,6

3,8

4,0

ki

-5

-10
Figure 2. Graphical representation of the unique solution of equation (13).

The values of all the variables at the equilibrium point are given in
r  0,13, ki  3,39, f  w1  1,80, w2  1,56, T1  7,10, T2  3,10,
m  36,42, k  146,40, kh  96,66, c  19,28, N  146,76,
Ki  497,39, Kh  966,64, K  1464,03, F  264,54.

(15)
The two eigenvalues are respectively equal to 1,343 and –0,242. Hence, the unique
equilibrium is unstable.

COMPARATIVE STATIC ANALYSIS
The previous section identifies the unique equilibrium of the global economy and
demonstrates that the global economy is unstable. The monetary economic growth may suffer
global crisis without government intervention11. This section examines impact of changes in
some parameters on the long term equilibrium point12. First, we examine the case that all the
parameters, except the woman‟s propensity to stay at home are the same as in (14). We
increase 02 from 0,15 to 0,16 The simulation results are listed in (16). Here, symbol 
stands for the change rate due to the parameter change. As the woman raises her propensity to
stay at home, the capital intensity is not affected, which results in that the wage rates, the rate
and output level per unit of labour input are not affected by the woman‟s preference change.
Nevertheless, the man increases his work time and the woman reduces her work time. As the
woman raises her propensity to stay at home, the woman tends to stay longer at home than
before. As the work hours fall, the total labour supply is reduced. As the total labour supply is
reduced, the total capital is also reduced. The net result is that the capital intensity is
increased. As the difference in human capital between the woman and man is not very large
but the woman reduces much long work time (in terms of percentage) than the man, the total
labour input is reduced. As the total labour is reduced, we see that to maintain the system at
the new equilibrium point, the money holing, durable goods used at home and consumption
level per household are reduced; also the total wealth, total capital inputs, total durable goods
and total output levels are reduced.
r  ki  f  w1  w2  0, T1  6,25, T2   26,05,
m  k  kh  c  N  Ki  Kh  K  F   2,63.

(16)
We now increase the woman‟s human capital level, h2, from 0,13 to 1,4. The results are listed
in (17). The capital intensity is not affected, which results in that the man‟s wage rate, the rate
and output level per unit of labour input are not affected by the woman‟s human capital. The
woman‟s wage rate is increased due to her improvement in human capital. The money holing,
durable goods used at home and consumption level per household are increased; also the total
94
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wealth, total capital inputs, total durable goods and total output levels are increased. We see
that a rise in the tendency for woman to participate in labour market will benefit man as his
wage rate is not affected, but his leisure time is increased and housing conditions are improved.
r  ki  f  w1  0, w2  7,69, T1   8,51, T2  25,78,
m  k  kh  c  N  Ki  Kh  K  F  3,57.

(17)

The effects of a fall in the CIA parameter, : 0,8  0,7, are summarized in (18). As less
money is required for transactions, the rate of interest is increased. Both man and woman
reduces their work time, the woman reduces a little more than the man. The fall in the capital
intensity leads to the falls in the woman‟s and man‟s wage rates. As both the man and woman
reduce work time, the total labour input is reduced. As the consumption level, the rate of
interest and the durable goods are all increased, the net effect on money holding is positive.
The total capital, the total output, the wealth and consumption levels per-capita are all reduced.
r  0,18, ki   0,19, f  w1  w2   0,07, T1   0,08, T2   0,22,
m  0,17, k   0,08, kh  0,04, c  0,17, N   0,12,
Ki   0,31, K h  0,04, K   0,08, F   0,18.

(18)

We now increase the inflation policy, , from 0,02 to 0,03. The rate of interest is reduced and
the capital intensity reduces which also leads to the rises in the wage rates. Both woman and
man reduce their work time. Hence, a higher inflation rate makes people enjoy longer leisure
hours and better housing conditions. Although the wealth per household is increased, the
consumption level per household is reduced. The rest results are given in (19).
r   1,36, ki  1,48, f  w1  w2  0,49, T1   0,41, T2   1,16,
m   0,12, k  0,86, kh  0,86, c   0,12, N   0,61,
Ki  0,86, Kh  0,86, K  0,86, F   0,13.

(19)

CONCLUSIONS
This paper proposed a growth model with money, capital accumulation and endogenous labour
supply. We showed how to calculate the time-dependent path of the dynamic system with given
initial conditions and also simulated the motion of model with the Cobb-Douglas production
function. As the monetary economic system is unstable, the perfectly competitive economy may
either experience unlimited growth or economic crisis. As the economy without money will
converge to its long-term equilibrium point, we see that the introduction of money makes the
system unstable. We also carry out comparative static analysis with regard to some parameters.
We may also generalize our model in different ways. It is well known that one-sector growth
model has been generalized and extended in many directions. It is not difficult to generalize our
model along these lines. It is straightforward to develop the model in discrete time. We may
analyze behavior of the model with other forms of production or utility functions. There are
multiple production sectors and households are not homogenous.

APPENDIX: PROVING LEMMA 1
First, from r + k = f/ki in equations (2) and (1 + )(r + k)kh =  , we obtain
yk
(A1)
kh  ~i
 π f
π  1/  π. We note that r and
where the time index is suppressed wherever no confusion and ~
wj are uniquely determined as functions of ki by (2). From Tq + Tq = T0 (2) and (8), we
calculate
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w2 = hw1, T2  T1 , T1 = T0 – T1 , T2 = T0 – T1 ,
where h  h2/h1 and   2/(h1). From the definition of y , we have

(A2)


f 
k  h* f  1   m,
y    
k
i 


(A3)

where   1   k and h*  h1  h2  T0 , and we use (2), (3) and a  k  m . From w1T1  1 y and (2),
~

T1  (1 y )/(h1f ) holds. From this equation, T  h1T1  h2T2 and (A2), we have
   2 y .
~
T  h*  1
f

(A4)

From (10), (A1), (A3) and (A4), we have
1


f   π 
m π   1 
  ,
k  h*  h* π  1   
    

f   ki 
ki  f 


where

(A5)

 ~

~   1   2  .
 π π   ~  
, 
, 




Substituting (8) into (6) yields
m

   y .
~
π

Insert (A3) and (A5) in the above equation
 h* f  m  m
1
 m      f / m
 h* 
 .
   0 m, ki   
~
1
    f    f ki  f 
ki  f


From this equation and     m / m, we obtain
  (m, ki )  m  m0(m, ki ).
m
From (A5) and (A6), we have

(A6)

(A7)

1


f   π 
m π   1 
  ,
k   m, ki   h*  h* π  1   
    

f   ki 
ki  f 


(A8)

Hence we can represent k as a function of m and ki From (9), (A3), s =  y and a  k  m, we
have

f 1 
1 


k     
   m, ki   h* f  1    m  m, ki  .
(A9)
  
ki  


Taking derivatives of (A8) with respect to t yields

k  m   k i ki ,

where  m and  k i are respectively partial derivatives of  with respect to m and ki.
Substituting (A7) and the above equation into (A9) yields
   f / ki  1 /    h* f  1    1 /  m    m 
ki  ki , m 
.
(A10)





k i

REMARKS
1

The model is a simplified version of the growth model with housing and location proposed by
Zhang [33]. As pointed out, the stock of household capital actually exceeds market capital [34].
Benhabib et al. estimate that the output of the household sector may be as much as half that of
the market sector and that labour hours in the home sector are almost as great as in the market
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sector. Hence, proper introduction of household capital in growth theory is essential [35]. We
refer monetary growth models with durable consumption goods to, for instance [36, 37].
2
We neglect complicated issues related to endogenous fertility rates. It can be seen that on the
basis of the literature of growth models with endogenous fertility, for instance [38-40], it is
possible to generalize our model to take account of endogenous fertility.
3
A recent explanation and its relations to traditional approaches to consumer behavior are
provided by Zhang [7, 41].
4
We only consider money for purchasing consumption goods and neglect possible money
required for other purposes, such as investment. See [7] for how to take money for different
purposes within the framework. By the way, Suen and Yip discuss how CIA constrains may
affect the number of steady states and their stability properties in the Ramsey approach [26].
5
According to Stockman, investment should also be taken into account. For simplifying the
analysis, this study does not take account of the need of money for investment [12].
6
As shown in [7], it is possible to make the propensities in the utility function as endogenous
variables, dependent on conditions such as incomes, wages and social status.
7
We also cite Ferber: “Actually, the honor of pioneering research on and analysis of the
household as an economic unit properly belongs mainly to Margaret Reid [31], who in turn
gave a great deal of credit to Hazel Kyrk, her teacher and mentor. … Interestingly both Kyrk
and Reid were also on the faculty of the University of Chicago, which makes Becker‟s (and the
profession‟s) failure to acknowledge their work all the more surprising” [32].
8
See also [42, 43].
9
See, for instance, [44, 45].
10
As demonstrated late on, the model has a saddle point. Hence, the system may either grows
infinite or collapses if not starting at a proper initial condition. Hence, we stimulate the model
with very short period of time.
11
As demonstrated in [7], if the role of money is neglected and the economy includes only “real
variables”, then the economic growth model is characterized of a unique stable equilibrium.
The introduction of money causes instabilities in the model.
12
It is important to examine impact of changes in parameters on dynamic processes of the
system. As the system is unstable, we are concerned only with comparative static analysis.

REFERENCES
[1] Gomme, P.: Money and Growth Revisited: Measuring the Costs of Inflation in an
Endogenous Growth Model.
Journal of Monetary Economics 32(1), 51-77, 1993,

[2] Ploeg, F.(R.) van der and Alogoskoufis, G.: Money and Endogenous Growth.
Journal of Money, Credit and Banking 26(November) 771-791, 1994,

[3] Jones, L.E. and Manuelli, R.E.: Growth and the Effects of Inflation.
Journal of Economic Dynamics and Control 19(8), 1405-1428, 1995,

[4] Dotsey, M. and Sarte, P.D.: Inflation Uncerstainty and Growth in a Cash-in-Advance Economy.
Journal of Monetary Economics 45(3), 631-655, 2000,

[5] Waud, R.N.: Interest Rates, Money Growth Rates, Inflation and the ‘Ease’ or
‘Tightness’, of Money.
Kyklos 24(4), 722-732, 2007,

[6] Handa, J.: Monetary Economics.
Routledge, London, 2009,

[7] Zhang, W.B.: Monetary Growth Theory: Money, Interest, Prices, Capital, Knowledge,
and Economic Structure over Time and Space.
Routledge, London, 2009,

97

W.-B. Zhang

[8] Chang, J.J.; Chang, W.Y.; Lai C.C. and Wang, P.: Equilibrium Dynamics in an
Endogenous Growth Model of Money and Banking.
Journal of Money, Credit and Banking 39(10), 1683-1710, 2007,

[9] Baumol, W.: The Transactions Demand for Cash: An Inventory Theoretical Approach.
Quarterly Journal of Economics 66(4), 545-556, 1952,

[10] Tobin, J.: The Interest Elasticity of the Transactions Demand for Money.
Review of Economics and Statistics 38(3), 241-247, 1956,

[11] Clower, R.W.: A Reconsideration of the Microfoundations of Monetary Theory.
Western Economic Journal 6(1), 1-9, 1967,

[12] Stockman, A.C.: Anticipated Inflation, and the Capital Stocks in a Cash-in-Advance Economy.
Journal of Monetary Economics 8(3), 387-393, 1981,

[13] Moe, K.S.: Setting the Stage: An Introduction and Overview.
In Moe, K.S., ed.: Women, Family, and Work: Writings on the Economics of Gender. Oxford,
Blackwell Publishing Ltd., Oxford, 2003,

[14] Berik, G. and Rodgers, Y.M.: Engedering Development Strategies and Macroeconomic
Policies: What’s Sound and Sensible?
In Berik, G.; Rodgers, Y.M. and Zammit, A., eds.: Social Justice and Gender Equality:
Rethinking Development Strategies and Macroeconomic Policies. Routledge, New York, 2009,

[15] Beneria, L. and Feldman, S., eds.: Unequal Burden: Economic Crises, Persistent Poverty,
and Women’s Work.
Westview, Boulder, 1992,

[16] Beneria, L.: Toward a Greater Integration of Gender in Economics.
World Development 23(11), 1839-1850, 1995,

[17] Forsythe, N.; Korzeniewicz, R.P. and Durrant, V.: Gender Inequalities and Economic
Growth: A Longitudinal Evaluation.
Economic Development and Cultural Change 48(3), 573-617, 2000,

[18] Stotsky, J.G.: Gender and Its Relevance to Macroeconomic Policy: A Survey.
IMF Working Paper, WP/06/233, 2006,

[19] Boserup, E.: Woman’s Role in Economic Development.
Allen & Unwin. London, 1970,

[20] Becker, G.S.: The Economic Approach to Human Behavior.
The University of Chicago Press, Chicago, 1976,

[21] Rosenzweig, M.R. and Stark, O., eds.: Handbook of Population and Family Economics.
Elsevier, Amsterdam, 1997,

[22] Gray, J.S.: Divorce-Law Changes, Household Bargaining, and arried Women’s Labour Supply.
American Economic Review 88(3), 628-642, 1998,

[23] Gomme, P.; Kydland, F.E. and Rupert, P.: Home Production Meets Time to Build.
The Journal of Political Economy 109(5), 1115-1131, 2001,

[24] Campbell, J.Y. and Ludvigson, S.: Elasticities of Substitution in Real Business Cycle
Models with Home Production.
Journal of Money, Credit and Bankings 33(), 847-875, 2001,

[25] Chiappori, P.A.: Introducing Household Production in Collective Models of Labour Supply.
Journal of Political Economy 105(1), 191-209, 1992,

[26] Suen, R.M.H. and Yip, C.K.: Superneutrality, Indeterminancy and Endogenous Growth.
Journal of Macroeconomics 27(4), 579-595, 2005,

[27] Solow, R.: A Contribution to the Theory of Economic Growth.
Quarterly Journal of Economics 70(1), 65-94, 1956,

[28] Becker, G.S.: A Theory of the Allocation of Time.
Economic Journal 75(299), 493-517, 1965,

[29] Lancaster, K.: A New Approach to Consumer Theory.
Journal of Political Economy 74, 132-157, 1966,

98

Elastic labour supply and home production in a monetary growth model

[30] Lancaster, K.: Consumer Demand.
Columbia University Press, New York, 1971,

[31] Reid, M.: Economics of Household Production.
Wiley and Sons, New York, 1934,

[32] Ferber, M.A.: A Feminist Critique of the Neoclassical Theory of the Family.
In Moe, K.S., ed.: Women, Family, and Work: Writings on the Economics of Gender.
Blackwell Publishing Ltd, Oxford, 2003,
[33] Zhang, W.B.: Growth and Residential Distribution with Economic Structure and Amenity:
A Synthesis of Solow-Uzawa’s Growth, Alonso’s Urban, and uth’s Housing odels.
Papers in Regional Science 87(2), 277-303, 2008,

[34] Greenwood, J. and Hercowitz, Z.: The Allocation of Capital and Time over the Business Cycle.
Journal of Political Economy 99(6), 1188-1214, 1991,

[35] Benhabib, J.; Rogerson, R. and Wright, R.: Homework in Macroeconomics: Household
Production and Aggregate Fluctuations.
Journal of Political Economy 99(6), 1166-1187, 1991,

[36] Mohsin, M.: Durability in Consumption and the Dynamics of the Current Account.
Journal of Economic Dynamics & Control 30(1), 143-162, 2006,

[37] Erceg, C.J. and Levin, A.T.: Optimal Monetary Policy with Durable Consumption Goods.
Journal of Monetary Economics 53(7), 1341-1359, 2006,

[38] Barro, R.J. and Becker, G.S.: Fertility Choice in a Model of Economic Growth.
Econometrica 57(2), 481-501, 1989,

[39] Raut, L.: Effect of Social Security on Fertility and Savings: An Overlapping Generations Model.
Indian Economic Review 27(1), 25-43. 1992,

[40] Conde-Ruiz, J.I.; Giménez, E.L. and Pérez-Nievas, M.: Millian Efficiency with
Endogenous Fertlity.
Review of Economic Studies 77(1), 154-187, 2010,

[41] Zhang, W.B.: A Two-Sector Growth Model with Endogenous Human Capital and Amenities.
Interdisciplinary Description of Complex Systems 6(2), 95-116, 2008,

[42] Jacobsen, J.P.: The Economics of Gender.
Blackwell, Hong Kong, 1998,

[43] Seguino, S.: Taking Gender Differences in Bargaining Power Seriously.
In Kuiper, E. and Barker, D., eds.: Feminist Economics and the World Bank: History, Theory
and Policy. Routledge, New York, 2006,

[44] Miles, D. and Scott, A.: Macroeconomics – Understanding the Wealth o Nations.
John Wiley & Sons, Ltd., Chichester, 2005,

[45] Abel, A.; Bernanke, B.S. and Croushore, D.: Macroeconomics.
Prentice Hall, New Jersey, 2007.

99

W.-B. Zhang

ELASTIČNA PONUDA RADA I DOMAĆA RADINOST
U MODELU MONETARNOG RASTA
W.-B. Zhang
Azijsko pacifičko sveučilište Ritsumeikan
prefektura Oita, Japan

SAŽETAK
U radu se postavlja model spolno razlučivog monetarnog rasta s akumulacijom kapitala i endogenom ponudom
radne snage. Model je utemeljen na neoklasičnoj teoriji rasta, dok su monetarni aspekti modela utemeljni na
pristupu plaćanja unaprijed. Pokazuje se kako je dinamika pripadne ekonomije opisana dvodimenzionalnim
diferencijalnim jednadžbama. Simulirana je ravnoteža i pomak ekonomije s postavljenim monetarnim politikama,
prioritetima kućanstava i tehnologijom. Budući da je monetarna ekonomija nestabilna, ekonomija može ili
pokazivati neograničeni rast, ili krizu. Također je proučeno kako promjene nekih parametara utječu na ekonomsku
ravnotežu. Primjerice, kako žene povećavaju sklonost ostanku kod kuće, intenzitet kapitala se ne mijenja pa se
slijedom toga ne mijenjaju niti iznosi nadnica, niti stopa rezultata rada po jedinici uloženog rada. Neovisno o tome,
kako muškarci povećavaju svoje radno vrijeme a žene smanjuju, smanjuje se ponuda radne snage. Novac, trajnija
dobra koja se upotrebljavaju u kućanstvima te razina potrošnje po kućanstvu se smanjuju. Također, ukupno
bogatstvo, ukupni unos kapitala, ukupna količina trajnijih dobara i ukupni rezultati se smanjuju.

KLJUČNE RIJEČI
monetarni rast, rod, akumulacija kapitala, novac, inflacija, plaćanje unaprijed, CIA
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ABSTRACT
One of the most prominent contemporary trends in formation of companies is the approach to
development of a customer-oriented company. In this matter, various versions related to the intensity
of this orientation are differentiated. Customer relationship management (CRM) system is a well-known
concept, and its practice is being studied and improved in connection to various sectors. Companies
providing services of occupational safety and health (OHS) mainly cooperate with a large number of
customers and the quality of this cooperation largely affects the occupational safety and health of
employees. Therefore, it is of both scientific and wider social interest to study and improve the
relationship of these companies with their customers. This paper investigates the practice of applying
CRM in Croatian OHS companies. It identifies the existing conditions and suggests possible
improvements in the practice of CRM, based on experts’ assessments using analytic hierarchy process
evaluation. Universal preliminary design was created as a framework concept for the formation of a
typical customer-oriented OHS services company. Preliminary design includes a structural view,
which provides more details through system diagrams, and an illustration of main cooperation
processes of a company with its customer.
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INTRODUCTION
Galbraith defines the process of organizational design as the process of harmonising the
mission and goals of a company, resulting in identifying the structure of labour division and
coordination of organizational units and employees [1, p. 5]. Organizational design is a
process by which structural elements and elements of organizational culture are managed and
arranged in order for the organization to successfully control key activities for realizing its
goals [2, p. 10]. According to the legacy of strategic schools such as resource-based view, the
authors [3] recognize that next to several main opportunities at achieving the competitive
advantage, there is also market-focused resource integration, where market-facing units
borrow resources from functional and product units to organize around market segments and
customers. The latest approach in organizational design examines customer centric
organizations [4]. An important element, especially in the sphere of organizational processes
in customer oriented organizations is the customer-relationship management. Implementation
of CRM demands systematic approach and represents a matter of organizational design.
According to [5], CRM requires a complex, cross-functional integration of people, processes,
operations, and marketing capabilities that is enabled through technology and applications.
Growth of service sector in economy has led to the fact that service firms with intensive
customer contacts require specific adjustments in organizational design [6]. Therefore, the
term “customer-induced uncertainty”. When (customer) uncertainty is high then
organizations must process new information and find creative responses. In this process,
design is important and organization structures with more decentralization and less
formalization are more capable of processing new information.
Health and Safety Executive’s analysis is concentrated on five organizational functions which
are relevant for effective system of safety management. These are: politics (its development
and implementation); organization (development of organization for maintaining effective
communication and promotion of joint culture which supports health and safety); planning (in
order to reduce the risks and set standards); measuring of results; revision and review of
execution (all aspects of organizational safety system are the subject of revision which
provides feedback) [7, p. 153]. Occupational safety and health as a component of integral
safety, demands a whole set of measures which must be implemented by business systems for
the purpose of protecting their employees, and occupational safety & health services
companies (OHS companies) hold a key role in the implementation process of these measures.
Therefore, OHS companies, under the Occupational Safety Act can be authorized for [8]:
 drafting of risk assessment,
 testing of machines and devices with high risk rates;
 testing of working environment (microclimatic factors within the scope of physical and
chemical damaging effects – noise, vibrations, air flow velocity, temperature, lighting,
moisture, chemical damaging effects etc.),
 training for safe work, and
 issuing certificates on implemented testing and qualification training.
As OHS companies serve a large number of business systems in the Republic of Croatia,
increase in the implementation level and application of CRM system in OHS companies
would result in increase in the quality of their service, thus bringing better job safety in the
whole of Croatia.
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Various aspects of practice related to occupational safety and health have been researched in
the world through the years, e.g. [9-11]. Awarding of employees for their safe conduct was
researched by Lauver and Lester [12, p. 169]. Anttonen et al. [13, p. 259] dealt with the
impact of working in cold environment and methods of occupational safety and health in cold
conditions. Grama analysed the demands regarding occupational safety and health by associating
good practice with the reduction of human suffering, employers’ losses and promotion of
total organizational efficiency [14, p. 73]. However, when it comes to OHS companies, the
subject of implementation of CRM has not been extensively studied, as well as functioning of
CRM in practice and organizational design with CRM system. The first main goal of this
paper is gaining insight into the CRM-practise in Croatian OHS companies.

CUSTOMER-ORIENTED ORGANIZATIONS
Many organizations have spent the last twenty years in an attempt to approach the customers
by using the buyer-segment methods, “focus group” and by measuring the customer’s
satisfaction. However, simple placing the buyer in the limelight of the organization does not
make the organization customer-oriented. It is required that the organization undergoes
reorganization and that it is literally organized around its customers [4, p. 14].
Well-known “Star model” [15] provides the option to form basic guidelines of organizational
design. Primary guidelines arise from strategy which is related to mission and vision, and needs
and desires in design process are harmonized through related elements: capabilities, structure,
processes, people, and rewards. If an organization oriented towards customers/buyers is being
organized, then the stated elements acquire the necessary special meanings.
STRUCTURAL AND PROCESS DESIGN
Organizational structure is the system of relationships among people established for the
purpose of executing specific tasks. Each organization and company has its own structure and
individual authors favour “anatomy of organization” instead of structure. Structure is a
dynamic element of company’s organization, which forms the unity of all parts of company
and integrates the use of all organizational resources [16, p. 215]. According to [17, p. 2],
organizational structure should be realized as “...the sum total of the ways in which its labour
is divided into distinct tasks and then its coordination is achieved among these tasks”. Basic
division of organizational forms, or structures, distinguishes at least two classes, mechanistic
and organic [18]. This formulation makes a distinction between management practice,
decision-making and formalization. While in organic structures, decision-making is
decentralized, communication is less formal, hierarchical development is weak, the opposite
mechanistic structures are more rigid, with vertical communication and a large number of
strict rules [19, pp. 148-149]. Present types of structures are: simple structures, functional,
divisional, project, matrix and other. Considering the fact which bears statistical importance,
that most OHS companies in the Republic of Croatia are companies with mostly 10 to 20
employees and that their activities are mostly defined and described through legal
regulations, it is evident that they all bear the characteristics of forming simple or reduced
functional organizational structure.
In the process of organizational design, Buble [20, p. 6-7] stresses three basic approaches:
exact formalized approach, approach through combining the economic theory and
organizational principles and systems approach which strives to determine and resolve main
issues of organizational design through systems analysis. Regarding the design process, some
authors promote a set of cascading organizational design tasks and step-by step process for
each task [21, p. 10]. Methods of redesign according to The Center for Organizational Design1
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include the stages of determining the course, participating and redesign, introduction and
evaluation. According to [20, p. 23], four stages of organizational design procedures can be
differentiated: initiating of design procedures, organizational research, organizational design
and application of project.
Our research is focused on the entire sector of OHS companies and the implementation of
CRM within them. This enables an insight into the existing condition which represents the
starting point of organizational changes. Drafting the project of organization represents probably
the most important stage of design, and includes the development of organizational solution
through preliminary design and detailed design. Preliminary design, which lacks in detail, defines
the concept of acceptable organizational solution within the context of design [20, pp. 122-123].
Drafting of general preliminary design for OHS companies with CRM system represent our
second main goal in this paper.
While designing a production-oriented organization, in comparison with customer-centric
company in the domain of structure, related to organizational concept, there comes to a
switch of special orientation to: customer segments, customer teams, customer profit and
loss [15, p. 31]. Of course, for larger companies, this type of modification will be more
complicated and demanding.
Business processes are included among the key elements of organizational design. There is a
well-known definition [22] of business process as a structured, measured set of activities
designed to produce a specific output for a particular customer or market. A process is a
specific ordering of work activities across time and space, with defined a beginning and an
end, and also clearly defined inputs and outputs. Process is a chain of activities which turns
different inputs into different outputs. Process is a construct or a skill for organization of
work activities so that they can be executed efficiently and effectively, that they provide
potential for competitive advantage, that they can be effectively managed [23, pp. 4-5].
Proper business process management ensures a preview of a complete process, identifies the
owners, follows the process on every level until its completion, continually optimizes arranged
resources, generates reports and controls and improves different parameters which are used
for measuring the process efficiency. Process management implies harmonising of sub-processes,
automation of activities, resource optimisation and defining and control of final output.
Business processes can be subjected to the activities of managing, improving, design,
modelling and reengineering [24]. Processes change with the purpose of creating a more
efficient organization, and what drives companies even more towards better arrangement and
management of business processes is greater orientation towards customers. Business process
management includes testing of validity of existing work practice (AS-IS image) and
justification of potential changes (TO-BE image). Process improvement implies setting of
business processes for the purpose of greater efficiency. This is often achieved through:
determining the manner the process is currently being realized, understanding how others do
it, judging the opportunity for changes including more efficient use of information
technologies [25, 26]. Automation of processes is a frequent intervention, not too radical, and
includes the use of computer and software as a means of assistance to employees or as their
replacement for performing the business process [24]. Design or redesign of process implies
large interventions which are undertaken in order to significantly improve the existing
process or to create a new business process.
If we were to analyse the transformation of a product-centric company into a customer-centric
company, then the most important process, which used to be new product development, now
becomes customer relationship management and solutions development [15, p. 31]. It should
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be noted that solutions options relate to customer’s inclination to buy complete solutions
from their companies (packages, solutions) instead of fragmented products or service.
DESIGN OF CUSTOMER-ORIENTED ORGANIZATION – CRM SYSTEM
Considering the aforementioned, that CRM system represents the main issue for customercentric companies; below we present the characteristics of structure and processes in an
organization with CRM system. Introducing CRM system in considerable number of cases
has a positive effect on business results, as the researches [27, 28] have shown. There is a
series of accepted definitions of CRM, and one of the most meaningful was provided by
Swift [29] who says that CRM includes efforts of the entire company which are directed
towards a better understanding of customer’s behaviours and acquiring opportunities to
influence such behaviour through various forms of meaningful communication; with the
purpose of constant improvement of possibility to attract new customers and keeping the old
ones, and rising the level of their loyalty and usefulness.
CRM should be integrated into every activity of the company, therefore a simple product
and/or service is not enough to satisfy the needs of a customer; relationship of staff with
customers is also important, as well as well-dosed and unobtrusive marketing, post-sales
activities within the scope of servicing, and other activities which include the interaction of
customer with the person providing products and/or services. According to relevant analysts,
CRM could be classified into several types [30, p. 24], or, to put it plainly, CRM consists of
three components. These three components of CRM support each other and the success of the
entire system demands their proper integration:
1) operational CRM-client database,
2) collaborative CRM-contact centre, i.e. customer service, web pages designed for customer
interaction, communication with clients via available media (e-mail, SMS, telephone, fax,
mail, physical contact etc.),
3) analytical CRM-expert in CRM in terms of an employee with required knowledge, and
various available CRM systems and applicative solutions.
Depending on the concept of understanding CRM, if we observe the problem from tactical
perspective, which presents a more narrow point of view, then CRM is primarily about the
implementation of a specific technology solution project [30, p. 19]. CRM systems in practice
most often include purchase of software and hardware which will enable the company to save
important information about certain customers. By studying the past purchases, demography
and psychology of a customer, the company gets to know the customer’s preferences. In this
way, the company can also send specific offers only to those customers with expected high
interest for purchase, which brings savings. By using the data carefully, the company can
improve attracting the attention of new customers, cross-selling and up-selling [31, p. 35].
We would like to point out existence of globally accepted CRM solutions, such as SAP CRM
with its functions2, Oracle CRM on Demand which consists of several separate units3 and
Microsoft CRM Dynamics programme solution4. MCRM as expanded CRM is the latest
innovation in the technological domain with the possibility to use mobile media (cell phone,
PDA etc), which encourages the user to establish a dialogue with the company via mobile
media [32, p. 236]. This personalized communication strengthens the relationship between
the company and customers and shows that personalisation plays an important role in raising
the quality of customer relations [33, p. 518].
Successful implementation and functioning of CRM has been widely researched in the world,
e.g. [34-36]. Payne’s research [5, 30] is significant as it reached results about relatively low
success of CRM projects. CRM concept is often misunderstood in the minds of certain
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managers as an IT addition to business and there is often a lack of active involvement of top
managers in the implementation of CRM concept. CRM must be observed primarily as the
philosophy of business where other two components of CRM – strategy of business and
technological (information) tool-supplement each other.

CRM SYSTEM AND SERVICES OF OCCUPATIONAL SAFETY & HEALTH
Among scientific works from Croatia and surrounding countries dealing with the issue of
introducing and/or use of CRM concept in various activities aside the occupational safety and
health, we would like to point out [37-39]. Mance I. and E. analysed and processed CRM
approach in business activities of integral safety in [15], i.e. activities of OHS companies in
Republic of Croatia. After the research, the authors concluded that there were no important
signs of CRM approach in the activities of stated companies, although almost all surveyed
directors considered that customer relationship management was significant for their business.
COMPONENTS OF CRM IN OHS COMPANIES
In order for the company to realise the CRM system, appropriate database must be integrated
into the structure and processes. All relevant data which are collected about customers must be
integrated into the database, as well as every activity, satisfaction survey, business activity and
other client communication on all levels. It is important to collect information on transaction
history of every customer. Benefits from collecting the demographic and similar information
can be great. For business customers of OHS companies, information regarding jobs, job
descriptions, working relations etc. is what is important. Data describing activities can be
included, also interests and opinions (activities, interests, and opinions – AIO) of individual
customers and the manner how they reach decisions and influence the opinion of others [31, p. 43].
Telephone/fax communication is a part of the system that is not necessary to be modified in
more detail through CRM implementation, as well as E-mail communication. Changes
emerge here related to the process arrangement. CRM internet page, while respecting the
typical size of OHS companies and financial impossibility of certain larger interventions, is
identified as an important element of CRM which is desirable to be implemented. Web
hosting implies a minor annual expense, and web design itself does not cost much.
Unfortunately, in our paper, we have determined that more than 20 % of surveyed OHS
companies do not own a web site.
CRM expert implies a person with CRM experience and appropriate analytical capabilities.
He/she represents the most expensive element in the modelling of CRM system for OHS
companies. Although CRM systems available on the market offer a high degree of analytics
and data processing, on the other hand, they cannot replace an expert, a person with his/her
cognitive capabilities. Contact person who might replace a contact centre considering the
amount of requests and business activities performed by OHS companies is certainly
desirable within the CRM system. He/she would be in charge of various forms of input and
output communication with clients.
ORGANIZATION OF OCCUPATIONAL
REPUBLIC OF CROATIA

SAFETY

AND

HEALTH

IN

THE

Occupational safety and health is a collection of technical, medical, legal, psychological,
pedagogical and other activities which help to discover and remove the risks which are
jeopardizing lives and health of persons at work and which determine measures, procedures
and rules to reduce or remove those risks. Purpose of occupational safety and health is to
create safe working environment in order to prevent work-related injuries, professional
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illnesses and accidents at work [40, p. 8]. Occupational Safety Act [8], as the basic legal
document on organization, application and implementation of occupational safety and health,
defines all relationships and contents from this domain to the extent that employer in every
type of business knows what and how to act in order to perform his activities in a safe
manner. Occupational safety is a constituent part of work organization and work process, and
it is realized though performing of occupational safety and health services and by applying
prescribed, contractual as well as recognized rules of occupational safety and health and
measures and instructions stipulated by employers [8].
Departments which are usually formed within OHS companies, out of the need for successful
performance of previously stated activities and tasks are: Testing Department, Education
Department, and Department for Document Drafting. Testing Department performs the
necessary testing of machines and devices of high risk regarding the occupational safety and
health and testing of stable fire alarm and fire fighting systems regarding fire protection, except
for the fire-extinguishers. Testing, maintenance, choice and servicing of fire-extinguishing
devices are stipulated by Ordinance on Maintenance and Choice of Fire-extinguishing
Devices [41]. These activities can only be performed by an authorized legal person, fireextinguisher service technician, thus making this not a part of OHS companies’ activities.
Educational Department conducts all legally prescribed education and training in the domain
of occupational safety and health and fire protection. Education is divided into the domain of
occupational safety and health - safe working activities, and the domain of fire protection basic fire protection and professional education. Department for Document Drafting is in
charge of development and storage of data and managing records on all activities of testing
and training. Managing of such records is stipulated by law; qualified personnel must be
issued with a certificate of qualification, and upon performed testing, it is necessary to draft
and register the records and certificate on testing (certificate is issued with records only if a
machine and/or device complies with all legal requirements of validity in the domain of
occupational safety and health and/or fire protection).
There are few company reports as well as published research regarding the CRM practice in
the domain of occupational safety and health services. One of rare exceptions is [42, p. 68]
describing customer-centric services customized for individual customer’s needs. Further on,
we present a view of our research where, through a collection of survey questions, use, i.e.
implementation of specific important elements of CRM system has been identified in OHS
companies in the Republic of Croatia. Also, through a team of experts, specific components
of CRM have been assigned with special meanings based on their judgements. Method
Analytic Hierarchy Process (AHP) was used for that purpose.

EMPIRICAL RESEARCH
Research has been conducted on group of 18 companies providing occupational safety and
health services in the Republic of Croatia, out of total of 82 existing ones [43]. These are
small companies of which only 6 % has more than 40 employees. This circumstance is also
important because it is generally evident that CRM adoption rate depends on organizational
characteristics such as firm size, organizational strategy, information system, product
category [44].
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< 50 clients

51 to 150 clients

150 to 300 clients

300 to 500 clients

> 500 clients

no data
6% 5% 5%

28%
50%
6%
Figure 1. Number of clients per year for OHS companies.

RESEARCH OF PRACTICE OF CRM USAGE
Figure 1 shows the evidence that companies mainly work with large number of customers,
which sets the imperative of good communication and information flow, and considering that
OHS companies do business with customers from different industries, company sizes etc., it
is important to develop an original preliminary design containing CRM system.
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Table 1. Use of CRM elements in OHS companies.

%
79,2
77,1
58,3
56,3
47,9
39,6
77,1
31,3
83,3
56,3
56,3
64,6
62,5
68,8
39,6
41,7
64,6
43,8
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From the collection of 19 survey questions, used primarily for the purpose of determining the
existence of certain important elements (Ei) of CRM in 18 companies, 15 questions (Qi) was
isolated and structured into categories (Table 1). The last column (“attendance”) shows the
estimated percentage of use of all presented complex CRM elements for a specific company,
where for a CRM expert element, a mean value was provided.
DETERMINATION OF DESIRED PRACTICE OF CRM USAGE
In order to determine the specific desired practice of CRM in OHC companies, we have
approached the evaluation of importance of certain main elements which have previously
been listed and highlighted in Table 1. For this purpose, we have used the method Analytic
Hierarchy Process (AHP) with participation of three experts. Although the methods of multicriteria decision-making are subjective to a certain degree [45, 46], for a larger number of
organizational methods like “complex-analytical method” and “method of process functions”
[20], experts’ judgement is what is suggested regarding the necessary or desired organization
practice determination.
With the help of Expert Choice11® tool, comparison was conducted by team of experts5, in
such a way that every expert entered individual evaluation of importance of elements, by
cross-comparing them individually to the extent of how much a specific element is more
important in comparison to the other on a scale from 1 to 9.

Figure 2. AHP comparison of elements – Expert 1.

Synthesis of individual evaluations of all participants was executed by calculating geometric
mean having in mind the presumption used to prove the justification for the use of geometric
mean [47]. Obtained values after the AHP procedure are shown in Table 2.
This research was formulated and executed in a manner to present the basis for determining
the structure related to CRM system and average existing condition of the processes in
companies dealing in occupational safety and health services (AS-IS) and the desired future
condition (TO-BE).
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Table 2. CRM elements priorities – evaluation of experts.

Elements
Customer Database
CRM e-mail
Phone/Fax communication
mCRM
CRM website
After-sales activities
CRM expert
Contact center
Marketing activities

Geometric mean
0,110
0,030
0,061
0,062
0,119
0,123
0,177
0,139
0,075

RESULTS AND DISCUSSION
Research results shall provide an overview of CRM usage and directions of change of
organizational design. This enabled drafting preliminary design for the structure and process
for a typical Croatian OHS company which desires to implement CRM system.
DETERMINATION OF THE USAGE OF CRM AND THE NECESSARY CHANGES
Table 1 shows that in the business of OHS companies in Croatia, client relationship
management is usually not systematically arranged and it is practised only partially in best
case scenarios. Looking at the representation of main elements of CRM, we can determine
that the average situation of implementation CRMel-impl = 58 % with standard deviation of 15 %.
Processed random sample of OHS companies is 22 % of the size of the basic group,
therefore, it can be said that the stated result is indicative for OHS sector in Croatia.
In the following analytical step, we have assigned value 1 in case when element CRM is
present (Y), and value 0 if the company is lacking this element (N) (Table 1). By pair-wise
correlation method among the answers to 15 questions (Qi  Vj, Table 1) with the level
p < 0,05, we find statistically significant correlations between the V6 and V15 (r = 0,66), V11 and
V12 (r = 0,69) as well as between V12 and V13 (r = 0,54). Neglecting trivial relationships, we
should stress a significant connection of answers to questions (r = 0,66):
 (V6) Is the web site structured in a way that complies with the CRM criteria?
 (V15) Do you advertise your services in electronic media?
Results of expert AHP evaluation represent the starting point for guidelines of (re)design of
OHS companies regarding the CRM. Table 3 was formed on grounds of practice researches
(Table 1, Qi ~ Ei) and by use of results of expert AHP evaluation of priorities of CRM elements
Ei (Table 2). For every Ei it has been determined the extent to which it deviates (in percentage),
according to the average presence of elements in practise (arithmetic mean Av = 0,54;
Practise f(E); Table 1). Likewise there is deviates of Ei to some extent, from the arithmetic
mean obtained by AHP evaluation of importance of elements (Av = 0,10; Required Ei; Table 2).
The difference between the need for certain CRM element and its presence in the practice is
provided in the row “Difference”. The procedure used to determine the differences, Di, is
given by the folowing formula:
Di = [(REi –Av(RE))/Av(RE) –(PEi –Av(PE))/Av(PE)]100
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Table 3. CRM elements – the desired practice in comparison with the existing one.
E4 E6 E3 E8 E10 E11 E12 E13 E14 E15 E17 E18 E19

Practice, f(Ei)
Pract., %; PEi
Required, REi
Difference, Di

Av

8

7

13

2

2

9

18

7

16

17

15

7

4

0,44

0,39

0,72

0,11

0,11

0,50

1,00

0,39

0,89

0,94

0,83

0,39

0,22

0,54

0,18
95

0,18
105

0,11
–24

0,12
98

0,14
118

0,14
46

0,03
–155

0,03
–42

0,06
–104

0,06
–114

0,12
–31

0,08
3

0,08
34

0,10

Great positive difference of the desired practice in comparison with the existing one, points to
the need of more frequent implementation of related CRM elements. This is especially true
for questions (elements) Q4, Q6, Q8, and Q10.
Therefore, certain efforts in Croatian OHS companies should be focused towards improving
of the existing conditions regarding the following subject matters:
 (Q4) Do you analyse the collected data about your customers for the purpose of creating the
customer profile and forming behaviour patterns towards individual customer?
 (Q6) Does your company employ someone in charge of key accounts (Employee for Key
Customers)?
 (Q8) Is your company web page structured in a way which complies with the CRM criteria
(surveys, multilingualism, on-line ordering etc.)?
 (Q10) Does your company provide contact centre services?
Research results provide directions of change of organizational design for a typical Croatian
OHS company which desires to implement or improve CRM system. The results also enable
drafting general preliminary design for these companies.
PRELIMINARY DESIGN PROPOSAL FOR OHS COMPANIES WITH CRM
Related to the design of organizations with CRM system, among few works, we would like to
emphasise [48], where UML representation of the CRM implementation process was
provided. The author identifies and analyses the main advantages of the UML for Business
Modelling, for CRM implementation in online retailing companies. A similar paper with
useful insights is [49] as well.
Simple acceptable organigram for smaller companies providing occupational safety services
which are customer-oriented is shown in Figure 3. Certain additional departments for
performing some of the classic business functions are possible, and while observing the larger
companies in this segment, which are less than 5 % in Croatia, new departments would be
necessary in the structure. Testing department and educational department in the CRM
structure, hand over the communication with clients to the newly formed department.
Department for document drafting transfers all the data on drafted documents as well as other
data on clients to the newly formed department. CRM department is divided into the
activities of Contacts and Analytics.
Many years ago was found that general system theory is capable of giving exact definitions
for concepts like organization, by putting them to quantitative analysis [50]. By using the
systems approach in representation and modelling, we will elaborate the preliminary design
of the subsystem CRM in an OHS company. Organizational system (S) consisting of subsystems and elements has its own mission or function (F). System has its own structure (R)
with elements (E) that are intertwined and have influence on system behaviour [37, 51]. Basic
system diagram (BSD) or block-diagram shall be used to represent the system structures, the
information flow and other relevant system characteristics. We consider here the diagram of
CRM subsystem (Figure 4).
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Figure 3. Organization chart: preview of structure of a smaller OHS company with

implemented CRM.

Figure 4. Basic system diagram of CRM subsystem (made by SW-tool “Dijagrami sustava”).

Information from the environment enter as X 1S , X 2S and X 3S into element 1 which implies
e-mail communication, element 2 which implies telephone/ fax communication and element 3
which implies communication via CRM internet page. All forms of CRM communication with
client appear as Y1(1) , Y2(1) and Y3(1) to the element 4 or contact person. The contact person enters the
data in the form of Y1(4) into the database (element 5) and forwards the tasks into the environment
(to the testing and/or education subsystems) as Y1(S). Data from database is analysed by CRM
expert (element 6) and he/she enters this analysis into the base itself, in order for the contact
person to be able to see and use the analysed and processed data. CRM expert forwards the
information on client status into the environment as Y2(S)and to the OHS company director.
Flowchart of processes for the entire company with included and modelled CRM system is
shown in Figure 5. Relevant elements of CRM are integrated into the structure, and are
coloured yellow. Client’s request comes in and is forwarded to the contact person, who enters
the data into the database. CRM expert analyses the data as required, and the data return in
the form of CRM structured data to the contact person who forwards them to Testing
Department or Education Department. Testing is divided into the Occupational Safety and
Health and Fire Protection, and education into Occupational Safety and Health, Fire
Protection and Professional Training. The Process is further consistent with Figure 5.
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Figure 5. Flowchart of processes in OHS companies with CRM system.
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CRM expert forwards the prepared data, suggestions, proposals and necessary CRM activities
to the director of OHS company, if they concern the key account, and the director is then able
to properly react regarding the demands and/or satisfaction of certain key account. The
director of the OHS company in this model also stimulates the person in charge of key
accounts. If there is no key account involved, the CRM expert in the analytical part of CRM
forwards the information to the contact person, who communicates with client in the end.
This model ensures that CRM expert while working with the database is involved in every
course of the process and every business activity, by processing the information arriving from
the customer and collecting the data about the customer. This improves the quality of
communication with numerous clients. At the same time, OHS company gets insight into the
activities which are underway and acquires professional opinion of CRM expert on the
necessary activities with certain clients and/or group of clients.
Universal concept design in the creation of a smaller Occupational Safety and Health
Services Company with CRM usage is presented in Figures 3-5. They represent the overall
structure and main process solution. General preliminary design can be broken down in the
form of detailed design for specific cases. According to [52] once the organizational
framework, customer strategy and customer satisfaction assessment have been defined, the
next step is similar to a reengineering project. It involves redesigning the business processes
of the customer-oriented company (marketing, sales and after-sales) to achieve the objectives
that have been previously defined and to improve customer satisfaction and loyalty.

CONCLUSIONS
Business activities of OHS companies are under special imperative of social responsibility.
Practice of communicating and interaction of these companies with their clients, numerous
organizations of various profiles and size, should contain certain level of standard regarding
frequency of interactions, education, adjustment towards clients and influence on customers.
Conducted research established the existing practice and limitations in applying the principles
of orientation towards customers in Croatian OHS companies. It is established that certain
important elements of CRM are not sufficiently present in practice and CRM is implemented
only partially (Table 3; CRM expert, CRM web page, contact centre services). The obtained
results provide guidelines for the redesign of OHS companies.
General preliminary design was created for smaller OHS companies with implemented CRM
system (Figures 3-5) in enough details to comply with the demands of various customer
categories. Application of the proposed structural model should guarantee better relationships
of OHS companies and their customers and this implies improvement of occupational safety.
Reduction in the number of work-related injuries is useful for the community, in the
economic and humane aspect.
Since research of this and related subjects is fairly rare according to the set goals, we believe
that appropriate scientific contribution was realized. Further research would be directed
towards the verification of presented preliminary design, similar as in [53], by measuring the
performances while identifying which CRM objectives are actually met using the
implementations.

REMARKS
COD, http://www.centerod.com, accessed 11th May 2011.
2
http://www.sap.com/solutions/business-suite/crm/featuresfunctions/index, accessed 20th March 2011.
3
http://crmondemand.oracle.com/en/products/index.htm, accessed 20th March 2011.
4
http://crm.dynamics.com, accessed 20th March 2011.
1
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SAŽETAK
Jedan od istaknutijih suvremenih trendova u vezi oblikovanja tvrtki je prisup dizajniranju poduzeća orjentiranog
prema kupcima. Pri tome se razlikuju inačice vezano za intenzitet ove orijentacije. U suvremenom poslovanju
prihvaćen je engleski pojam sustava Customer Relationship Management (CRM) te se njegova praksa izučava i
unapređuje vezano za razne sektore. Trgovačka društva koja pruţaju usluge zaštite na radu preteţito surađuju s
velikim brojem klijentima, a kvaliteta suradnje u značajnoj mjeri utječe i na sam pojam sigurnosti i zaštite na
radu djelatnika. Stoga je od znanstvenog ali i šireg društvenog interesa izučiti i unaprijediti odnos ovih
kompanija s klijentima. U ovom radu istraţuje se praksa primjene elemenata sustava CRM u hrvatskim
trgovačkim društvima koja pruţaju usluge zaštite na radu. Utvrđuje se postojeće stanje i sugeriraju moguća
poboljšanja u praksi sustava CRM, sukladno prosudbama eksperata uz korištenje metode Analytic Hierarchy
Process. Kreirano je univerzalno idejno rješenje dizajna, kao okvirni koncept za oblikovanje tipičnog kupcu
orjentiranog poduzeća za pruţanje usluga zaštite na radu. Idejno rješenje obuhvaća strukturni prikaz, detaljiziran
sustavskim dijagramima te prikaz glavnih procesa suradnje poduzeća sa svojim klijentima.
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upravljanje odnosima s kupcima, CRM, zaštita na radu, dizajn, procesi, struktura
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ABSTRACT
The paper analyses the extent to which information technology is used in European developed and
post-communist countries. Indicators such as internet usage, e-commerce and e-government are used
to measure the gap between European developed and post-communist countries. Special focus is given
to the analysis of the difference in the level of education of male and female inhabitants who use
internet, e-commerce and e-government services in European developed and post-communist countries.
The main two assumptions of this paper are: (1) usage of information technology in three important
areas: internet usage, e-commerce and e-government is lower in European post-communist countries
than in developed countries and (2) male users with high level of education use information
technology more than female users in European developed and post-communist countries. Lower
usage and lower investments in information technology and also low level of education could be
significant barriers towards further economic development of European post-communist countries.
Data from European Statistics Database, section Information Society Statistics, were used during
research for this paper.
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INTRODUCTION
Information technology is almost indispensable in most aspects of everyday life and work [1]
and it is changing every aspect of life [2]. It is used in every aspect of society, politics, daily
routines and lifestyle and economy: e-commerce, e-government, e-health, e-learning,
e-finance [3]. Information technology can provide an opportunity for education, personal
growth, re-define careers [4].
Based on Internet World Stats there were 1,9 billion Internet users worldwide in 2010 [5].
Iceland has the most Internet users per capita of any country in the world (over 86 % of
residents use the Internet, compared with 69 % of Americans). Differences in using Internet
between countries are still significant [6].
Information technology is growing rapidly and offers broad range of possibilities for
businesses (e.g. reduced transactional costs, lower cost customer service) [7]. There are also
positive effects on the competitiveness and efficient operations of all sectors of economy [1]
and it has been accepted that information technology is significant input to economic growth [3].
Investments in development and usage of information technology could offer countries an
opportunity to increase productivity and economic growth [6]. Indicators, such as
investments and usage, have led to many initiatives by developed countries, United Nations,
OECD, international organizations intended to increase information technology usage.
There is a great gap between European developed and post-communist countries and people
in developed countries have better access to information technology and use it more than the
people in post-communist countries [6]. Firms in European post-communist countries that
have Internet access are more successful and they export more than firms that do not have
Internet access. Firms that do not use information technology will soon be out of business [1].
Some of European post-communist countries made a big progress since the transition began,
such as Slovenia and Estonia, but many others are lagging far behind such as Bulgaria,
Romania and Hungary [8]. Information technology can accelerated the convergence of
European post-communist countries with developed countries, but that depends on quality of
the economic and institutional environment [9]. It was also confirmed that there is a strong
positive correlation between information technology and economic development [7]. Despite
of differences in using information technology, its use is beginning to increase in European
developed and post-communist countries every year.
The main purpose is to analyse whether an information technology gap exists among
European developed and post-communist countries in the three important areas: internet
usage, e-commerce and e-government. As these areas are important for the economic
development [10], the goal of the paper is to determine whether there have been positive
shifts in the 2005 and then in 2010 in percentages of population that use them. Beyond this,
the second goal is to define the difference of male and female users of internet, e-commerce
and e-government services with low, medium and high level of education. Most important
factors that influence the level of Internet usage are education, income and gender [11].
Differences between male and female users based on level of education are compared in
European developed and post-communist countries.
The paper is organized as follows; at the beginning there is an introduction part. Section two
defines research methodology and statistical analysis. Section three presents statistical data
for all three categories: internet usage, e-commerce and e-government in European developed
and post-communist countries. Discussion part explains our findings and results. Section five
concludes the paper.
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RESEARCH METHODOLOGY AND ANALYSIS
The research was conducted with the usage of Eurostat, Statistics Database, section
Information Society Statistics. Data from three sub sections of section Information Society
Statistics are used: Internet use and activities, Internet purchases by individuals and
Individuals using Internet for interaction with public authorities.
Out of 34 European countries, 31 are used for analysis. There were no data for Lichtenstein
and Switzerland. Turkey was left out from the analysis, because it is neither a European
developed country nor could be considered as a European post-communist country. Other 31
European countries (Table 1) are divided into 2 groups: developed and post-communist countries.
Table 1. European developed and post-communist countries, Source: Eurostat.

European developed countries
EU 15

Other

Belgium, Denmark,
Germany, Ireland,
Greece, Spain, France,
Italy, Luxembourg,
Netherlands, Austria,
Portugal, Finland,
Sweden and UK

Norway,
Iceland,
Cyprus
and Malta

European post-communist countries
EU members from EU members EU candidate
2004
from 2007
countries
Czech Republic,
Bulgaria and
Croatia and
Estonia, Latvia,
Romania
FYR
Lithuania,
Macedonia
Hungary, Poland,
Slovenia, Slovakia

Data are collected by National Statistical Institutes or Ministries, and are based on Eurostat’s
annual model survey on Information and Communication Technologies usage. Data relates to
the first quarter of the reference year. Classification of data is: by age, by gender, by
educational level, by occupation, by employment situation, by degree of urbanisation, by
bandwidth and by region.
In this research we use data classified by gender (all users, male and female) and by
educational level (low, medium and high) for both groups of countries. Percentage of
individuals in a particular country (aged 16-74) that used Internet at least once within the last
12 months (Internet use and activities) was investigated. The same analysis was conducted
for percentage of individuals in a particular country (aged 16-74) that made their last online
purchase within the last three months (Internet purchases by individuals) and percentage of
individuals in a particular country that used the Internet to interact with public authorities
(Individuals using Internet for interaction with public authorities).
Mean and standard deviation at the country-group level were calculated. Mann-Whitney nonparametric test was used in order to test statistical significance of the differences between
European developed and post-communist countries. SAS Software V9.1.3 was used for all
statistical analysis.

INTERNET USERS
Table 2 presents percentage of individuals using the Internet divided by gender and level of
education in the year 2005 and 2010. The goal of the research is to see whether there have
been some positive changes after the five year period for both groups of countries.
The first part of Table 2 shows the percentage of internet users divided only by gender and it
has increased in both groups of countries in 2005 and 2010 year. There is almost no
difference in percentage of internet users in European post-communist countries in year 2005
(35 %) and 2010 (55 %). There is the highest percentage of male internet users in European
121

J. Zoroja

developed countries in both years. Mann-Whitney test showed that the difference between
European developed and post-communist countries is statistically significant for both years,
except for all users and female users in 2005.
Percentage of internet users (all, male and female) with low level of education has increased
in both groups of countries from 2005 to 2010 (Table 2). The percentage of female Internet
users is lowest in both groups of countries, in 2005 and 2010 year. In European developed
countries, average percentage of all users was about one third of the population in 2005, and
in year 2010 this proportion increased to one half. In European post-communist countries,
average percentage of all users was about one quarter of the population in 2005, and in year
2010 this proportion increased to one third. Mann-Whitney test showed that the difference in
Table 2. Percentage of individuals divided by gender and level of education using the
Internet. Source: Eurostat, analysis made by author.
Year
2005
2010
2005
2010
2005
2010

Internet
Users
All
Users
Female
Male

Mean
European
Postdeveloped -communist
countries
countries
50,7 %
36,5 %
71,3 %
56,7 %
46,2 %
34,8 %
68,3 %
54,3 %
55,3 %
38,4 %

Standard deviation
European
Postdeveloped -communist
countries
countries
20,4 %
9,1 %
16,5 %
11,3 %
19,8 %
8,6 %
17,4 %
11,7 %
21,0 %
9,8 %

Mann-Whitney
U

Exact Sig.,
2(1 –tailed
Sig.)

46,0
56,5*
49,0
58,0*
39,5**

0,160
0,018
0,216
0,023
0,070

74,3 %

58,8 %

15,7 %

11,4 %

51,5*

0,010

Level of Education: LOW
2005
33,2 %
All
Users
2010
52,5 %
2005
28,1 %
Female
2010
47,8 %
2005
39,5 %
Male
2010
57,8 %

24,0 %
36,7 %
17,3 %
32,7 %
25,2 %

21,0 %
21,7 %
19,8 %
21,6 %
23,7 %

10,3 %
14,6 %
5,9 %
13,6 %
7,5 %

50,5
67,0**
40,5
63,0*
35,5

0,458
0,059
0,378
0,039
0,286

41,4 %

22,3 %

16,1 %

64,5*

0,043

Level of Education: MEDIUM
2005
57,1 %
All
Users
2010
79,3 %
2005
53,2 %
Female
2010
76,8 %
2005
60,9 %
Male
2010
81,6 %

34,9 %
57,3 %
33,1 %
54,6 %
36,6 %

17,6 %
13,4 %
17,2 %
14,4 %
12,9 %

12,1 %
12,6 %
10,8 %
11,9 %
13,5 %

18,0**
28,5**
25,5**
29,5**
16,0**

0,002
0,000
0,008
0,000
0,001

59,4 %

12,6 %

6,2 %

26,5**

0,000

Level of Education: HIGH
2005
77,4 %
All
Users
2010
91,4 %
2005
72,8 %
Female
2010
89,4 %
2005
82,3 %
Male
2010
92,3 %

68,0 %
86,4 %
63,9 %
85,9 %
72,8 %

13,4 %
7,1 %
15,2 %
7,9 %
12,6 %

5,1 %
3,8 %
4,9 %
3,9 %
6,2 %

31,0**
52,5*
37,5
55,0*
24,0**

0,055
0,011
0,125
0,025
0,062

86,8 %

6,4 %

5,0 %

47,5**

0,009

*statistically significant at 5 % level
**statistically significant at 1 % level
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percentage of individuals using Internet between European developed and post-communist
countries is not statistically significant for all users, male and female users in 2005.
Mann-Whitney test also showed that the difference in percentage of population of Internet
users between European developed and post-communist countries is statistically significant
for all users, male and female users in 2010 year.
Percentage of internet users (all, male and female) with medium level of education has
increased in both groups of countries between 2005 and 2010. The lowest usage of Internet is
among female population in European post-communist countries, and the highest usage is
among male population in European developed countries. During the study period, the European
developed countries had an average growth of 23 % of female internet users and 21 % of
male internet users, and the opposite situation was in the European post-communist countries
which had an average growth of 23 % of male internet users and 21 % of female internet users.
Mann-Whitney test showed that the difference between percentage of inhabitants with middle
level of education that use Internet in European developed and post-communist countries is
statistically significant for all users, male and female users in both 2005 and 2010 year.
Percentage of internet users (all, male and female) with high level of education has increased
in both groups of countries between 2005 and 2010 (Table 2). There is almost no difference
of percentage of internet users in European developed countries in year 2010 for all users,
male and female users. During the study period, the European post-communist countries had
the highest average growth of 22 % in female internet users. Mann-Whitney test showed that
the difference between percentage of population with high level of education that use Internet
in European developed and European post-communist countries is not statistically significant
only for female users in 2005 year.

E-COMMERCE USERS
Table 3 presents percentage of individuals that use Internet to buy goods or services divided
by gender and level of education in the year 2005 and 2010 in European developed and
post-communist countries.
In the first part Table 3 shows the percentage of individuals that use Internet to buy goods or
services divided only by gender and it has increased in both groups of countries in 2005 and
2010 year. However, the difference between European developed and post-communist
countries is huge. In year 2005 only 4,4 % of all users in the European post-communist
countries used Internet to shop online, compared to 19,85 % of the population in European
developed countries. Based on data from the Table 3, the European developed countries had
an average growth of 16 % in female individuals that use Internet to buy goods or services and
the European post-communist countries had an average growth of only 7 %, which is less than
double in the five year period. Mann-Whitney test showed that the difference between European
developed and post-communist countries is statistically significant for both years and genders.
Percentage of individuals that use Internet to buy goods or services (all, male and female)
with low level of education has increased in both groups of countries from 2005 to 2010
(Table 3) and quite significant growth is seen in European developed countries. The
percentage of female who use Internet to buy goods or services in European post-communist
countries is only 1 % in 2005, and in the same period there was 8,1 % of female users who
shopped online in European developed countries. Average growth of individuals who
shopped online increased in both groups of countries in the five year period but with big
differences. European post-communist countries achieved average growth of 4 % of male
who use Internet to buy goods or services, while European developed countries achieved an
average growth of 8,4 %, which is more than a double. Mann-Whitney test showed that the
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Table 3. Percentage of individuals divided by gender and level of education using the

Internet to buy goods or services. Source: Eurostat, analysis made by author.
Year
2005
2010
2005
2010
2005
2010

E-commerce

All Users
Female
Male

Mean
European
Postdeveloped -communist
countries
countries
19,85 %
4,4 %
34,4 %
10,4 %
16,8 %
3,4 %
32,1 %
10,0 %
22,9 %
4,4 %

Standard deviation
European
Postdeveloped -communist
countries
countries
12,6 %
2,1 %
16,9 %
6,4 %
11,2 %
1,5 %
17,0 %
6,1 %
14,4 %
1,9 %

Mann-Whitney
U

Exact Sig.,
2(1 –tailed
Sig.]

21,0**
25,0**
23,0*
31,5**
13,5**

0,003
0,000
0,014
0,000
0,001

36,9 %

11,2 %

17,0 %

6,9 %

24,5**

0,000

Level of Education: LOW
2005
10,2 %
All Users
2010
18,5 %
2005
8,1 %
Female
2010
17,7 %
2005
13,1 %
Male
2010
21,5 %

1,3 %
5,9 %
1,0 %
4,0 %
1,7 %

8,0 %
13,7 %
6,3 %
12,3 %
10,4 %

0,5 %
3,1 %
0,7 %
2,8 %
1,2 %

19,0*
44,7**
16,0*
40,5**
15,0**

0,018
0,005
0,039
0,005
0,007

5,7 %

13,8 %

4,0 %

35,0**

0,002

Level of Education: MEDIUM
2005
21,1 %
All Users
2010
36,6 %
2005
18,0 %
Female
2010
34,2 %
2005
23,9 %
Male
2010
38,9 %

3,9 %
10,6 %
3,2 %
9,6 %
5,0 %

12,2 %
16,9 %
11,2 %
17,4 %
13,4 %

2,0 %
5,9 %
1,9 %
5,6 %
3,3 %

13,5**
17,5**
15,0**
22,5**
9,0**

0,001
0,000
0,007
0,000
0,001

11,3 %

16,6 %

6,4 %

13,5**

0,000

Level of Education: HIGH
2005
33,4 %
All Users
2010
51,9 %
2005
28,9 %
Female
2010
48,5 %
2005
38,0 %
Male
2010
55,7 %

9,9 %
20,9 %
8,2 %
20,4 %
12,7 %

15,7 %
18,3 %
15,0 %
19,4 %
16,6 %

4,5 %
11,0 %
4,0 %
10,1 %
6,1 %

11,5**
15,5**
13,5**
25,5**
10,0**

0,001
0,000
0,004
0,000
0,002

24,0 %

17,2 %

11,7 %

14,0**

0,000

*statistically significant at 5 % level
**statistically significant at 1 % level

difference between European developed and post-communist countries is statistically significant.
Percentage of individuals that use Internet to buy goods or services (all, male and female)
with medium level of education has increased in both groups of countries between 2005 and
2010. There are almost no differences in percentage of individuals divided by gender who
shop online in 2010 in European post-communist countries, and it used to be around 10 %.
The highest difference between countries is in male users who shop online. In 2010 year in
European post-communist countries there was only 11,3 % of male users who bought goods
or services over the Internet, while in European developed countries there was 38,9 %.
Mann-Whitney test showed that the difference between European developed and postcommunist countries is statistically significant.
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Percentage of individuals that use Internet to buy goods or services (all, male and female)
with high level of education has increased in both groups of countries from 2005 to 2010
(Table 3). In year 2005 there was 20,9 % of all users in the European post-communist
countries who used Internet to shop online, compared to 51,9 % of the population in
European developed countries. Average growth of male and female Internet users who shop
online is the same in European post-communist countries while in European developed
countries there was highest average growth of female users who shop online than of male
users. Mann-Whitney test showed that the difference between European developed and postcommunist countries is statistically significant.

E-GOVERNMENT USERS
Table 4 presents percentage of individuals that use Internet to interact with public authorities
divided by gender and level of education in the year 2005 and 2010 in European developed
and post-communist countries.
The first part of Table 4 presents the percentage of individuals that use Internet to interact
with public authorities divided only by gender and it has increased in both groups of
countries in 2005 and 2010 year. In 2010 there is the same percentage (22 %) of all users,
female and male that use Internet to interact with public authorities in European post-communist
countries. Percentage of female individuals (22,7 %) is a little bit higher than of male users
(22,3 %) in 2010 in European post-communist countries. Comparing to other two tables this
is the only situation where percentage of female individuals that use Internet to interact with
public authorities is higher than that of male users for both groups of countries. Mann-Whitney
test showed that the difference between European developed and post-communist countries is
statistically significant for both years, except for female users in 2005.
Percentage of individuals that use Internet to interact with public authorities (all, male and
female) with low level of education has increased in both groups of countries from 2005 to
2010 (Table 4). European developed and post-communist countries achieved the same
average growth of 7 % of male individuals who use Internet to interact with public
authorities. The percentage of female individuals who use Internet to interact with public
authorities in European post-communist countries is only 2,8 % in 2005, and in the same
period there was 10,6 % of female individuals who use Internet to interact with public
authorities European developed countries. Mann-Whitney test showed that the difference
between European developed and post-communist countries is statistically significant for
both years, except for all users in 2005.
Percentage of individuals that use Internet to interact with public authorities (all, male and
female) with medium level of education has increased in both groups of countries from 2005
to 2010. There are almost no differences in percentage of individuals (all users, male and
female) who use Internet to interact with public authorities in 2005 (13,5 %) and in 2010
(20,8 %) in European post-communist countries. The highest difference between countries is
in male individuals who use Internet to interact with public authorities. In year 2010 in
European post-communist countries there was 21 % of male individuals who interact with
public authorities over the Internet, while in European developed countries there was more
than double, 42,6 %. The same situation was with female users in 2005 year. Mann-Whitney
test showed that the difference between European developed and post-communist countries is
statistically significant.
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Table 4. Percentage of individuals divided by gender and level of education using the

Internet to interact with public authorities. Source: Eurostat, analysis made by author.
Mean
European
PostYear E-government
developed -communist
countries
countries
2005
26,7 %
15,4 %
All Users
2010
37,2 %
22,5 %
2005
23,3 %
14,8 %
Female
2010
34,4 %
22,7 %
2005
30,2 %
15,9 %
Male
2010
39,8 %
22,3 %
Level of Education: LOW
2005
12,6 %
5,0 %
All Users
2010
20,3 %
9,5 %
2005
10,6 %
2,8 %
Female
2010
18,4 %
8,6 %
2005
15,7 %
4,0 %
Male
2010
22,6 %
10,5 %
Level of Education: MEDIUM
2005
29,6 %
13,9 %
All Users
2010
39,9 %
20,8 %
2005
26,1 %
13,0 %
Female
2010
36,8 %
20,8 %
2005
32,7 %
14,7 %
Male
2010
42,6 %
21,0 %
Level of Education: HIGH
2005
49,9 %
38,9 %
All Users
2010
58,3 %
45,9 %
2005
44,5 %
36,1 %
Female
2010
54,6 %
45,0 %
2005
55,6 %
41,4 %
Male
2010
62,3 %
46,9 %

Standard deviation
European
Postdeveloped -communist
countries
countries
15,5 %
8,2 %
17,4 %
12,8 %
13,7 %
7,0 %
17,0 %
13,7 %
17,9 %
9,5 %
18,0 %
12,2 %

Mann-Whitney
U

Exact Sig.,
2(1 –tailed
Sig.)

36,0**
56,0*
42,5
70,0**
29,5*
48,5**

0,093
0,018
0,192
0,078
0,032
0,006

11,5 %
15,0 %
9,9 %
14,2 %
13,9 %
16,0 %

4,3 %
8,5 %
1,8 %
8,0 %
1,7 %
8,9 %

27,5
57,5*
16,5**
57,0*
15,0*
53,5*

0,134
0,042
0,066
0,042
0,053
0,026

14,2 %
17,4 %
12,3 %
17,0 %
16,5 %
17,9 %

8,3 %
13,0 %
7,6 %
13,3 %
10,3 %
13,1 %

24,0*
40,5**
25,5*
52,0*
22,0*
36,0**

0,013
0,002
0,016
0,011
0,022
0,001

16,6 %
15,7 %
15,1 %
15,9 %
18,1 %

13,8 %
15,7 %
12,8 %
16,0 %
17,3 %

40,5
63,5*
45,5
76,5
31,0

0,153
0,039
0,264
0,130
0,103

15,9 %

15,7 %

55,5*

0,016

*statistically significant at 5 % level
**statistically significant at 1 % level

Percentage of individuals that use Internet to interact with public authorities (all, male and
female) with high level of education has increased in both groups of countries from 2005 to
2010 (Table 4). In European developed countries the percentage of individuals (all users,
male and female) who use Internet to interact with public authorities in 2005 and 2010 is more
than 50 %, while in European post-communist countries the percentage is slightly less than
50 %. Average growth of female individuals who use Internet to interact with public authorities
is the same (9 %) in European developed and post-communist countries in 2005 and 2010,
while average growth of male individuals who use Internet to interact with public authorities
is slightly higher in European developed (7 %) than in post-communist countries (5 %).
Mann-Whitney test showed that the difference between European developed and post-communist
countries is not statistically significant except for all users and male users in 2010.
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DISCUSSION
Comparing data from Table 2, Table 3 and Table 4 on usage of information technology in
three important areas: internet usage, e-commerce and e-government it is clear that Internet is
used more in European developed than in post-communist countries.
INTERNET USERS
Internet usage continues to increase worldwide, and the same occurred in the observed
European countries. Based on the high percentage of individuals who use Internet we could
conclude that during observed period European countries invested in economy, development
and education, so more and more people have access to Internet.
There is a big difference between Western and Third World countries in the Worlds: in
Canada and US 68,2 % of the population is connected to the Internet and in Africa less than
2,7 % of the population is connected [5].
Some of European post-communist countries, like Estonia, Slovenia and Czech Republic
made a great progress in Internet usage, but there is a great decline in usage of Internet in
Romania, Bulgaria and Hungary. The digital literacy index for European developed countries
is 0,8, while for the European post-communist countries it is 0,3, on a scale of 3 (in the USA
the index is 1,5). Estonia and Slovenia have again the highest scores (0,7 points) in European
post-communist countries (the same level as Italy and Spain). Romania, Bulgaria, Hungary
have only 0,3 points. In many countries there is not a big difference in percentage of
individuals with low and medium level of education, but there is a big difference between
those with high level of education [8].
It is also important to mention that there are differences in list of priorities for Internet usage
in developed and developing countries. Highest on the list of priorities of developing
countries are basic telecommunications, basic access, human capacity building and affordable
access; while highest on the list of developed countries is privacy, intellectual property rights
protection, cross border certification and consumer protection [8].
Data analysis has shown that the highest percentage of individuals (all users, male and
female) in both groups of countries and in 2005 and 2010 is in the area of internet users
(Table 2). There are a higher percentage of individuals that use Internet in European
developed than in post-communist countries, but there are no big differences between the
percentages for both groups of countries. Analysis also confirms that unequal access of
Internet usage is connected with social and economic development of the country [8]. What
could be done is to invest in information technology infrastructure and to encourage female
individuals to participate actively in business and social activities, which will lead to use
Internet more. It is important to increased access to Internet all over the countries’ areas [12]
and to launch their national e-strategy implementations [3]. That will help the country in
accelerating economic development and reducing the poverty and it will become more
competitive on the global market [13].
The percentage of male Internet users is higher in both groups of countries in 2005 and 2010,
but percentage of female internet users is not far behind. The reason for that could be that a
significant large number of men are employed in computing jobs [14]. It is important to
highlight that there is a higher average growth of female and male internet users with high
level of education in European post-communist than in developed countries. Male and female
individuals do not use Internet for the same purpose. Female individuals use Internet for
making new friends or meeting their partner, accessing information and advice, studying
online, shopping and booking travel online; while men use Internet for expanding career and
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having positive socio-political effects [15]. There is more than a double of individuals with
high level of education than those with low level of education who use Internet. Education
plays an important role for further development and usage of all aspects of information
technology. It was also confirmed that Internet usage is higher for young people and that
Internet access increases significantly with education. In their research they also confirmed
that countries with low levels of education are likely to be characterized by relatively low
levels of Internet access [2]. Education plays a significant role of a divide within countries,
and it is much easier for a well educated individual to find information on the Internet [11].
Countries with higher living standard like European developed countries use Internet more
intensively [6], which implies that families with high living standard can afford better
education and Internet access to their households. That could also be one of the reasons why
well educated people use Internet more. Further research confirmed that Internet users are
more likely to be male, well educated and have higher incomes than non-users [16]. Higher
income and higher level of education are most important reasons why Internet use still
constitutes an indicator of social and economic diversification [17].
Lesser usage of Internet is more common in the peripheral areas of the country, and that is
especially seen in post-communist countries where countries are not equally developed.
European developed countries prepared strategy with key targets and organize funds to help
less wealthy countries [2].
E-COMMERCE USERS
Data analysis has shown very low percentage of individuals in European post-communist
countries who use Internet to buy goods or services and the biggest difference is observed
between European developed and post-communist countries in the field of e-commerce
(Table 3). Average growth of individuals in European developed countries is more than
double than in European post-communist countries for users with low or medium level of
education. Like in every other area of Information technology, there are a higher percentage
of male individuals who use Internet to buy goods or services. Previous research confirmed
that men are significantly more likely to use Internet for e-commerce and e-banking than
female individuals [2]. There is also low percentage of well educated individuals who use
Internet to shop online.
In this area of Information technology it is not education that is very important; also number
of firms that do business online is crucial. If inhabitants are not aware of possibilities of
online purchase they do not buy online. It could be said that online shopping is still not a
common notion among the population in European post-communist countries and there are
not enough companies that do business online, thus the idea of purchasing online remains an
unknown notion. In European post-communist countries there are many possibilities for
development of entrepreneurship over the Internet and doing business online, and firms
should use these benefits, because e-commerce is creating significant changes in many
industries [10]. Many companies have strengthened their competitive position after
developing electronic commerce [18]. According to [19], there are more than half of
companies that generate international sales via their online stores, and 58 % of all consumers
included in the survey have bought from an online company located in a foreign country.
E-commerce does not offer opportunities for only new companies but also for companies that
are already doing business. Companies have a chance to reposition themselves and to take
advantage of new possibilities created by the Internet and e-commerce [20]. E-commerce is
on extremely low level in European post-communist countries, where the average of
individuals having purchased on the Internet is 3,4 %, while the average for European
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developed countries is 16 %. The highest scores in European post-communist countries are
those of Slovenia (10,8 %), Czech Republic (9,9 %) and Estonia (5,9 %) [8].
There is also one important benefit when buying online and that is time consuming [19].
These days, people are just trying to find ways to save time. Everybody prefers to buy
whenever they wish and nobody likes to be constrained by store opening hours. That is very
common in European developed countries where many people work for multinational
companies settled on other continents so they have to work early in the morning or late in the
night. There are some other benefits of e-commerce that should be mentioned [21].
E-commerce enables companies to attract consumers which do not have time to go shopping,
to offer loyalty programmes for their customers, to easier and quicker adjust to new trends
and demands of the consumers. E-commerce is fundamentally changing the way business is
conducted. Everybody prefers service tailored just for them and e-commerce offers the
opportunity to personalize products and services [21].
This research has confirmed that female individuals use Information technology to a lesser
extent in all areas. Female users lag to the male population in the field of e-commerce to the
greatest extent compared to Internet and e-government usage. It was also confirmed that there
is a very strong male domination in online purchase [19]. Therefore, supply side for products
and services that are attractive to female users should be strengthened and more promoted.
Entrepreneurs in European post-communist countries should take into account that there are
huge market possibilities for offering products and services for female users online.
E-GOVERNMENT USERS
The results of our analysis for both European developed and post-communist countries show
that percentage of individuals who uses Internet to interact with public authorities is
increasing with higher level of education in 2005 and 2010. The level of education has the
highest impact on all users that use Internet to interact with public authorities in European
post-communist countries. Only in area of e-government there is a slightly higher percentage
of female than male individuals who use Internet to interact with public authorities in 2010.
Governments of developing countries already have a high percentage of individuals who use
Internet and they have well developed information technology infrastructure so it is quite
easier for them to implement e-government. They invest a lot of money to prepare strategies
for further development of e-government and an increasing number of initiatives are being
employed in order to provide improved delivery of public services to the people [22]. In
European post-communist countries the situation is different. They still do not have appropriate
information technology infrastructure and there are less people who have Internet access so
their governments are still working on developing and implementing e-government services.
Previously, internet usage in Greece was researched [14]. It was found out that the higher
level of formal education increases the number of frequent users. Respondents also indicate
few reasons why they use Internet and interacting with public services is on fourth place. The
authors concluded that low usage of e-government could be because people are not familiar
with public services that could be found online and public service is not widely available.
Governments have two goals when implementing electronic governments: to enhance their
service delivery and to minimize the operating costs [23]. Many governments are trying to
develop their own models in order to satisfy the needs of their citizens and to offer them the
best service. One of ways to meet citizens’ needs is personalization of product or
customization of service [10]. Governments should provide greater satisfaction with higher
efficiency for their citizens in order to empower democracy and reduce distance between
citizens and government [24].
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European Union is making a lot of effort to improve e-government services for their citizens.
Countries of the European Union share one of the main constitutional problems of
implementing e-government services and that is the lack of a legal basis in the secondary
community laws [25]. Another problem which could be mentioned is that electronic services
do not offer a user centric approach and they give too much attention to technology and their
use [24]. Because of problems mentioned above European Union decided to determine goals
of establishing and developing e-government. The first initiative about establishing
e-government in European Union was at The European Summit in 2000 in Lisbon where they
set four tasks to achieve. The first task was to develop Internet based service to improve
access to public information; the second was to improve transparency of public
administration by using the Internet, the third was to exploit information technology within
the public administration and the fourth was to establish e-procurement [25]. There are many
positive impacts of e-government on management, stakeholder involvement, needs and
collaboration and procurement in American cities [26].

CONCLUSIONS
The article explores usage of information technology in three important areas: internet usage,
e-commerce and e-government in European developed and post-communist countries based
on level of education and gender.
Based on the European Statistics Database-Eurostat, section Information Society Statistics,
European developed countries have significantly better access and use Internet more
intensively than people in European post-communist countries. That is especially seen in the
section e-commerce and e-government. At the same time the number of users is growing faster
in European developing countries. It could be concluded that although European post-communist
countries have became EU members and they have made a significant development progress
of telecommunications, technology and economy, the number of Internet users is still lower
and the impact is weaker in European post-communist than in European developed countries.
One of the problems in European post-communist countries is also the difference between
areas in the same country. Some areas, like industrial areas or area around capital city are
more developed but in peripheral areas use of information technology services is much more
reduced. European developed countries made an effort to provide information technology
infrastructure for European post-communist countries, but living standards and the laws of a
particular country can make a huge barrier for further information technology development.
In terms of gender the data do not show big difference in European developed and post-communist
countries. Percentage of male users is higher in both groups of countries and in all of the
variables examined (internet usage, e-commerce and e-government). The only exception is
the number of female users of the e-government services that outdrove the number of male
users in that area in 2010.
Based on level of education, both groups of countries have a significant higher percentage of
individuals (all users, male and female) with high level of education than with low. This
implies that individuals who are more educated use information technology in all areas
(internet usage, e-commerce and e-government services) more than those who are less
educated. European post-communist countries could direct their efforts to ensure the usage of
information technology during formal education, from primary school to university education.
The same research can be made in five year period in order to see if there still are quite
significant differences between European developed and post-communist countries or there
has been made a progress to modernize information technology infrastructure which will
enable its higher usage in all areas. As women entrepreneurs are poised to lead the next wave
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of growth in global technology ventures, it could be expected that future research will
resulted in higher percentage of women users of Internet, e-commerce and e-government.
Investments in information technology will definitely contribute European post-communist
countries with improvements in productivity and economic growth. It will also be interesting
to determine if European post-communist countries have made some information technology
strategies or initiatives for further development.
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INTERNET, E-TRGOVINA I E-VLADA: MJERENJE
RAZLIKA IZMEĐU EUROPSKI RAZVIJENIH I
POST-KOMUNISTIČKIH ZEMALJA
Jovana Zoroja
Ekonomski fakultet, Sveučilište u Zagrebu
Zagreb, Hrvatska

SAŽETAK
U članku se analizira opseg korištenja informacijske tehnologije u europski razvijenim i post-komunističkim
zemljama. Pokazatelji informacijske tehnologije kao što su: korištenje interneta, kupovanje dobara i usluga
putem interneta i komunikacija putem internet servisa s organima vlasti koriste se kako bi se utvrdila razlika
između europski razvijenih i post-komunističkih zemalja. Naglasak je na analizi razlika u stupnju edukacije
osoba muškog i ženskog spola koje koriste informacijsku tehnologiju.
Dvije glavne pretpostavke su: (1) korištenje informacijske tehnologije unutar tri važna područja kao što su:
internet, e-trgovina i e-vlada je manje u europski post-komunističkim zemljama nego u razvijenim zemljama i
(2) osobe muškog spola s visokim stupnjem obrazovanja koriste informacijsku tehnologiju više nego osobe
ženskog spola i u europski razvijenim i u post-komunističkim zemljama. Slaba primjena i smanjeno ulaganje u
informacijsku tehnologiju, kao i nizak stupanj obrazovanja mogu predstavljati značajne prepreke prema
budućem ekonomskom razvoju europskih post-komunističkih zemalja.
U svrhu provođenja istraživanja u radu su korišteni podaci iz europske statističke baze podataka, poglavlje
Informacijsko društvo-Statistika.
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133

Interdisciplinary Description of Complex Systems 9(2), 134-160, 2011

MATHEMATICAL MODELLING WITH FUZZY SETS
OF SUSTAINABLE TOURISM DEVELOPMENT
Nenad Stojanović*
Faculty of Agriculture, University of Banja Luka
Banja Luka, Bosnia and Herzegovina
Regular article

Received: 12. October 2010. Accepted: 18. October 2011.

ABSTRACT
In the first part of the study we introduce fuzzy sets that correspond to comparative indicators for
measuring sustainable development of tourism. In the second part of the study it is shown, on the base
of model created, how one can determine the value of sustainable tourism development in protected
areas based on the following established groups of indicators: to assess the economic status, to assess
the impact of tourism on the social component, to assess the impact of tourism on cultural identity, to
assess the environmental conditions and indicators as well as to assess tourist satisfaction, all using
fuzzy logic.
It is also shown how to test the confidence in the rules by which, according to experts, appropriate
decisions can be created in order to protect biodiversity of protected areas.
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Mathematical modelling with fuzzy sets of sustainable tourism development

INTRODUCTION
For managers of protected area the most important are changes that are taking place in the
economic, political, socio-cultural, technological and ecological environment. Changes that
occur in these environments managers must register but also understand and accept as a
starting point for their decisions related to the management of the area. Furthermore, it is not
only important to register these changes but to be able to evaluate their impact on biodiversity
of the area. In order to evaluate the impact of tourism development on biodiversity we use the
indicators that identify that impact. How to measure sustainable development indicators is still
an open question. Many institutions dealing with sustainable tourism development have their
own proposals for indicators which determine the sustainability of tourism development [1-9].
Important place occupy indicators suggested by the experts of the World Tourism
Organization (WTO) and comparative indicators recommended by the experts of the
European Union. For some of comparative indicators unique measurable parameters are not
yet established and the indicators of the WTO are numerous and their determination is
time-consuming process. This study deals with certain comparative indicators for measuring
sustainable development of tourism in the protected area (PA) using fuzzy sets. The aim of
this study is, using fuzzy sets, to reduce the possibility of wrong decisions that could be
caused by imprecise measurement of indicator or by impossibility to determine the indicator
itself and to reduce the impact of subjectivity that exists in evaluation of comparative
indicators. We start with an idea to express comparative indicators in the form of fuzzy sets
in order to avoid problems that occur because of the strict limits when we measure
sustainability indicators and take appropriate actions related to the results applied to all
destinations.
As every tourist destination is rich in its characteristics (especially expressed in PA as a
tourist destination) it is expected to have large inaccuracy when the same indicator values are
applied to different destinations. In order to evaluate the impact of tourism development on
the PA’s environment besides suggested indicators, it is, also, suggested an indicator of
exploitation of forest ecosystems that can be used in the PA which has such ecosystems. For
this indicator certain limits of impact, based on the way of PA’s financing and the
participation of PA’s funds (generated by the exploitation of forest ecosystems) in the total
budget necessary to maintain the PA’s functioning, are suggested.

MAIN ATTITUDES AND SUSTAINABILITY EVALUATION OF TOURISM
DEVELOPMENT BY COMPARATIVE INDICATORS
The suggested comparative indicators for evaluation of sustainability of development of
tourist destinations have been made to integrate economic, ecological, social and cultural
factors as well as measuring of tourists’ satisfaction with the offered services. These factors
were decisive in the grouping of indicators which measure sustainability (intensity of the
sustainable development) of tourist destination. On this basis, comparable indicators for
evaluation of sustainability of tourist destination are classified into the following groups:
1. group of indicators for evaluation of the economic state: shows the intensity of the
economic impact of tourism business in the tourist place, destination or area,
2. group of indicators for evaluation of social component: reflects the social integrity of
the local community in terms of subjective well-being and benefits that tourism brings to
local population,
3. group of indicators for evaluation of the impact on cultural identity: express the level
of preservation of cultural identity of local community under the influence of visitors who
carry different cultural integrity,
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4. group of indicators for evaluation of environmental conditions: identify environmental
conditions under the influence of tourism activities in the monitored area,
5. group of indicators for measuring satisfaction of tourists: identify level of satisfaction
of tourists that visit the destination as well as comments about the attractiveness of the
destination [10, p. 36].
Based on the evaluation of the primary inputs control actions are determined in order to raise
the management of destination to a higher level of sustainability. Management actions that
managers take are conditioned by the indicators’ value evaluation. These values are classified
into three zones. These zones are:
 red area: conditions in the area were rated as critical and it is necessary to take
appropriate actions in order to put under control further tourism development in the area
and stop its destructive effect on environment. If necessary, on some parts of the area
further tourist activities should be banned, either on a shorter period or permanently,
 yellow area: situation is evaluated as tolerable and further trend of progressive tourism
development will create certain negative consequences for the environment and
biodiversity and certain protective measures should be taken,
 green area: the condition of tourism development in observed tourist destination is
evaluated as sustainable and destination management is good and liable.
Let us note, regarding the comparative indicators as suggested by the EU-experts, that for
some of them precise limit values are determined (based on some earlier researches) while for
other indicators there is no unique attitude regarding their signs and consequently no precise
limit values, as lsited in Table 1.
Considering that imprecision follows this type of research, because of subjective or objective
reasons, indicators have different forms with different researchers. Some of the inaccuracies
that occur in evaluation of indicators are:
 every protected area has specific management goals related to the protection of biodiversity
and opportunities of development of compatible tourism,
 values of indicators also contain subjective opinions and views of the person who measure
and evaluate them so they have influence on decisions and measures taken on the basis of
these results. As a result, these decisions are often unjust, rushed or wrong,
 some of the indicators are applicable only to measure the sustainability of tourism
destinations where mass tourism is realized, and for protected area as a tourist destination
there is no place for classical mass tourism,
 indicators of the environmental conditions do not contain information on biodiversity and as
such are incomplete in the application for measuring the environmental conditions in the
protected area. Considering that the most of the protected areas are placed in highland this
indicator should contain information on the intensity of exploitation of forest ecosystems.
Uncertainty, imprecision and other ambiguities can be reduced by using the approximate
method that will absorb them and which is based on the application of fuzzy sets theory. The
idea is that each of the comparative indicators appear in the form of fuzzy number to recap
the conclusion using fuzzy logic for each of the options that appears. During the modelling
(by fuzzy theory) of a problem a number of possibilities (the rules) occur. Number of rules is
related to the number of variables that appear in the analysis of the problem. If considered
individually all the options that appear in this problem, then it would be a huge job. Besides
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Table 1. Limit values for some of comparative indicators [10, p. 42].

Environment
conditions

Social

Cultural

Tourist
satisfaction

Economic effects
of tourism
development

Effects

Indicators
Income season character:
Percentage of visits in full time
season (3 months )
Ratio of number of overnights and
accommodation capacity
Coefficient of local tourist gain
Repeated visit - percentage of repeated
visits in 5 years period
Ratio of accommodation capacity and
number of local people
Tourism intensity: ratio of number of
overnights (in thousands) and local
population (in hundreds)
Participation of tourism in local netto
social product
Percentage of tourist that are not coming
with tourist agencies
Land – percentage of land where
construction is allowed but not yet
accomplished
Utilization and occupation of land –
percentage of changes in land occupation
with buildings in 5 years time
Traffic – percentage of tourists who are
not coming with private vehicle

Limit values and meaning
less than 40 % green area
40 % - 50 % yellow area
more than 50 % red area
more than 150 green area
120 - 150 yellow area
less than 120 red area
still not determined
more than 50 % green area,
30 % - 50 % yellow area,
less than 30 % red area
less than 1,1:1 green area
1,1:1 - 1,5:1 yellow area, more
than 1,6:1 red area
less than 1,1:1 green area
1,1:1 - 1,5:1 yellow area
more than 1,6:1 red area
Should be compared with
participation of tourism in the
local employment
More than 70 % green area
50 % - 70 % yellow area
less than 50 % red area
less than 10 % green area
10 % - 20 % yellow area
more than 20 % green area
not determined
More than 20 % green area
10 % - 20 % yellow area
less than 10 % red area

that, the subject of our interest is not to analyze these rules individually, but to demonstrate
that using the theory of fuzzy logic we can avoid certain errors that occur when placing strict
limits in evaluation of indicators and that it is possible to determine the intensity of
sustainable tourism development using fuzzy logic. Testing of rules will be done using the
software MATLABR12 Fuzzy Logic Toolbox.

BASIC TERMS AND OPERATIONS WITH FUZZY SETS
DEFINITION OF FUZZY SETS
In classical theory there are very precise boundaries that separate the elements that belong to
a particular set from those elements that do not belong to it. In other words, for every
observed element we easily determine if it belongs or not to a particular set.
Therefore, the classical set theory starts from the position that an element x of (universal) set
X belongs or not to a particular subset M. Affiliation to set M is conditioned with
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characteristic of elements, in other words with conditions that element has to fulfil in order to
belong to the M set. Function
1, x  M ,
0, x  M ,

 M x   

is called membership function of set M. So, M(x)  0, 1is set of values of membership
function. For example, for set X = R, the subset M is defined as a set whose elements are real
numbers between 5 and 10, including 5 and 10,
M  x x  R, 5  x  10.
According to this definition, number 4,9 is not an element of set M, while number 5,1 is an
element of M. Large number of sets that we use in everyday life has no precise limits that
separate elements that belong to a set of those that do not.
Let us suppose that X represents character of evaluation of visit to the tourist destination in
the one year time at the locality L1 and that the visit is described with statements indicated as
sets:
A1: if the number of visitors is less than 17 000 visit is described as “weak”,
A2: if the number of visitors ranges between 17 000 and 25 000 visit is described as “good”,
A3: if the number of visitors is more than 25 000 visit is described as “excellent”.
We symbolically denote sets A1, A2 and A3 as follows:
A1 = xx  x < 17 000, A2 = xx  17 000  x  25 000, A3 = xx  x > 25 000.
Membership functions of A1, A2 and A3 basic sets are represented through values of
characteristic functions, in case that we observed visits in the last several years (Fig. 1.):
x1 = 16 800 - number of visitors in 2007, visit is described as “weak”,
x2 = 17 100 - number of visitors in 2008, visit is described as “good”,
x3 = 24 500 - number of visitors in 2009, visit is described as “good“,
x4 = 25 100 - number of visitors in 2010, visit is described as “excellent“.
A(x)
A2 (“good” visit) A3 (“excellent” visit)
A1 (“weak” visit)
1

0

16800 17000 17100
24500 25000 25100
Number of visitors
Figure 1. Membership function of A1, A2visitors
and A3 with x1, x2, x3 and x4 as arguments.
x1
x2
x3
x4

If we present membership function in the form of table, putting the value of 1 if xi  Ai and 0
if xi  Ai (with i = 1, 2, 3 or 4 in both cases) then we obtain data as in Table 2.
If we replace 0, 1 with 0, 1, then affiliation of element to A1, A2 and A3 becomes
graduated. Denote, once again, with A(x) membership function that defines in what amount
some element of universal set X belongs to subset A. If there is “more truth” that element x
belongs to subset A than element y then A(x) > A(y). Correspondingly, element x in a
greater degree fulfils the requirements of set A membership. For the membership function we
have 0  A(x)  1, x  A. We define fuzzy set A as set of ordered pairs:
A = (x, A(x))  x  X,  A(x)  17 000,
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Table 2. Values of membership function of Ai sets (sets with strict limits).

Number of
visitors
16 800
17 100
24 500
25 100

Description of visit
Weak
Good
Excellent
1
0
0
0
1
0
0
1
0
0
0
1

where X represents universal set, and A(x) is membership function of A for element x [11].
Every fuzzy set is uniquely defined with its membership function. If we represent sets A1, A2
and A3 from our example, in the form of fuzzy sets, using, for example, trapezoidal, then
membership function will have values in segment 0, 1, Figure 2.
A(x) A (“weak” visit)
1

A(x)
1

1

A2 (“good” visit)

A1 (“weak” visit)

0,4
0,3
0
x2 A(x)
1

16800 17000
No. of visitors
x1

0

16800

24500
No. of visitors

A2 (“good” visit)

A3 (“excelent” visit)

3

0,7
0,4
0,1
0

24500 25000 25100

No. of visitors

Figure 2. Sets A1, A2 and A3 with x1, x2, x3 and x4 as arguments and theirs degrees of affiliation.

Hence the visit of 16 800 visitors is described as “weak” (observed with clasical membership
function) because, according to definition of A1, it belongs to A1. If observed with modified
membership function, the same visit of 16 800 visitors can be described as “weak” (value of
membership function 1) but also as “good” (value of membership function 0,4). Similarly,
number of visits in 2008, x3 = 24 500, can be described as “good” (observed with classical
membership function) or, if observed with modified membership function, as “excellent”
(value of membership function 0,4).
Table 3. Values of membership function of fuzzy sets A1, A2 and A3.

No of visitors
x1 = 16 800
x2 = 17 100
x3 = 24 500
x4 = 25 100

Weak
1
0,3
0
0

Good
0,40
1
1
0,1

Excellent
0
0
0,4
1
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So if one needs to make certain management decisions on the basis of affiliation to sets with
precise limits (first case in our example) such decisions will certainly produce some errors
because non-objective inputs are used, while access to evaluation of affiliation to set with
“soft” limits (fuzzy sets) will not have such anomalies. Therefore, the evaluation with fuzzy
sets is more objective.
BASIC OPERATIONS WITH FUZZY SETS
Let us suppose that fuzzy sets A and B are given, subsets of the same universal set. Union of
fuzzy sets A and B (denoted as А  B ) is defined as the smallest fuzzy set that contains both
the fuzzy set A and the fuzzy set B. Union corresponds to the operation “OR”. Membership
function is defined as follows: AB(x) = maxA(x), B(x).
Intersection of fuzzy sets A and B (denoted as A  B) is defined as the biggest fuzzy set
which is contained in both fuzzy sets, A and B, at the same time. Intersection corresponds to
operation “AND”. Membership function is defined as follows: AB(x) = maxA(x), B(x).
Complement of fuzzy set A (denoted as Ā or AC) represents fuzzy set which membership
function is A (x)  1  A (x) [11]. These operations are the basic operations, that define the
min-max theory of fuzzy sets. Let us suppose that we are given fuzzy sets A and B, Figure 3.
Then the membership functions of fuzzy sets A  B, A  B and Ā = AC are given in Figure 4 [12].
DEFINITION OF FUZZY NUMBER
Fuzzy number is normalized and convex fuzzy set, that is characterised by confidence
interval [a1, a2] and level of security . Figure 5 represents fuzzy number A and appropriate
confidence interval and level of security  for confidence interval [13, pp. 11-15].
SOME FORMS OF MEMBERSHIP FUNCTION
The most commonly used classes of fuzzy numbers are triangular and trapezoidal fuzzy
numbers. Triangular fuzzy number (Fig. 6.) depends on the form of membership function. We
present it in the form of ordered triple A = (a1, a2, a3) where a1 is a bottom limit of fuzzy number,
a2 value of fuzzy number with highest level of affiliation and a3 a top limit of fuzzy number.
Second class makes trapezoidal fuzzy numbers, presented in the form of ordered quadruple
A = (a1, a2, a3, a4), Figure 7. Value of variable x, for which A(x) = 1, is centre of fuzzy set A.
For practical application of fuzzy logic, for the purpose of system control, existence of a
fuzzy set with one element, for which the membership function has value 1, is of a particular
importance. This set is called a fuzzy set of singleton type.
FUZZY RELATIONSHIPS, RULES AND CONCLUSION
The complexity of human behavior cannot be described by mathematical theory, but it is
simple to describe (by fuzzy numbers) the way how the man manages certain technical
system (for example vehicle, camera, phone, number of vehicles present in the parking).
When the model of human thinking is formed, that is expressed in words and sentences of
spoken language, its start position is based on fuzzy propositions. Fuzzy proposition basic
form is “x is A”, where A represents language value which is given with the fuzzy set, a set
upon the definition area of the language variable x.
Fuzzy proposition determines the degree of affiliation of the variable x to the fuzzy set A. In
general case variable x can be expressed by numerical value or as a fuzzy set. In linking in
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A(x)

B(x)
A

1

B

1

0

x

x

Figure 3. Graphical representations of sets A and B, () – membership functions.

AB(x)

 AB (x)

1

1

A B

A B

x

x

Figure 4. Membership functions of sets a) A  B and b) A  B, for sets A and B shown in Fig. 3.

A(x)

A(x)
1

1

A

A

A


a1
a2
x
Figure 5. a) Membership function of fuzzy complement. b) Fuzzy number A with confidence
interval [a1, a2] and level of security .
x

0

A

1
A

a1

a2

a3

Figure 6. Triangular fuzzy number A.

A
1

A

a3
a2
a4
Figure 7. Trapezoidal fuzzy number A.

a1
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connecting of propositions certain conjunctions (operators) are used (and, or, if-then). In
combination of propositions and conjunction we create a fuzzy rule, which mostly is stated as
IF x is A and y is B THEN z is C.
Statements “x is A” and “y is B” are premises (or condition), while “z is C” represents
conclusion or consequence of a rule.
To describe the chosen system process or event we need large number of rules, therefore we
talk about the set of fuzzy rules. For mathematical display of fuzzy rules we use fuzzy
relations that define quantitative relation between variable conditions and variable conclusions.
Certain possibility of partial truth with premise and conclusion is allowed in fuzzy logic.
Applying the fuzzy set concept and associated procedure of fuzzy conclusions it is possible to
quantify the idea of proximate conclusion which is the main characteristic of human thinking.
Managing model is reflected in a series of logical rules, and general conclusion form for the
purpose of managing is:
IF (information about the system condition) THEN (managing information).
Information about condition and managing are language variables and related fuzzy sets are
joined to them. Information about system condition is built by logical operations with fuzzy
sets which are previously mentioned: (they are AND, OR, NO). Mainly used definitions are:
(OR): C  A  B  maxA, B, C (x)  max A(x), B (x),
(AND): C  A  B  minA, B , C (x)  min A(x), B (x),
(NO): C  A C (x)  1   A (x) .
Models based on fuzzy logic often require more iterations. First we have to define set of rules
and corresponding affiliation functions. After observing the result, we make (if necessary)
corrections of certain rules and/or affiliation functions. Then, once more, using our modified
rules and/or functions we test our model.
Let us use stated logical rules and economical comparative indicator given in Table to
illustrate a correlation between fuzzy logical rules:
IF
the visit seasonality is at the sustainable level and accommodation capacity
utilization tolerable and an influence on the local tourist increase of tourism
development has no importance
OR
IF
the seasonality is tolerable and the accommodation capacity utilization
unsustainable and local tourist increase has importance
OR
IF
the visit seasonality is at the tolerable level and accommodation capacity utilization
at an unsustainable level and the local tourist increase of tourism development has
importance
OR
IF
visit seasonality is alarming and utilization at the sustainable level and local tourist
increase of tourism development has importance
OR
THEN economic influence of tourism development, in the protected area, is at the
sustainable level.
A problem with fuzzy conclusions is associated with the cause and effect relation between
two different statements. It is also associated with the defining of statement’s truth value
which occurs as a conclusion based upon the truth value of a statement which represents the
premise. Relation between two statements describes fuzzy control rule.
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Fuzzy control rule can be stated as:
Ri: IF dj THEN dk (CF = µi)
where dj and dk are statements which may have fuzzy variables whose truth values ranges
between 0 and 1. Factor µi is a certainty factor (CF). Its truth value ranges between 0 and 1,
and it represents the degree of trust in rule’s accuracy. The higher truth value, the greater trust
in the rule. For example, with fuzzy control rule used here, we conclude about an action
which has to be taken. A necessity for that action is based on the state evaluation of negative
influence of tourism development on protection of biodiversity in a certain area of PA. That
rule is expressed as follows:
R1: IF state in the area is bad THEN it is necessary to reduce the number of tourists (CF = µ).
In this way we simulate the process of fuzzy conclusion where, based on the truth value of
the “state is bad” statement, we make a conclusion about the truth value statement “necessary
to reduce”. If the fuzzy control rule includes “and” or “or” conjunctions, then it is called
complex or mixed rule.
CONTROL OF FUZZY LOGIC MODEL
Fuzzy sets theory allow us to observe insufficiently precise phenomena which we are not able
to model using the probability theory or interval mathematics. In other words, when intangibility
derives from inaccuracies in communication among two people (e.g. tall people, low temperature,
weak sale, great pollution, good visit), that intangibility is modeled by fuzzy sets theory.
Fuzzy description of a certain system, opposed to exact mathematical and static description,
is not uniquely determined. Even though it seems somewhat arbitrary and irrational, it is still
a very rational approach, especially when it comes to managing complex systems. When we
want to describe a certain complex system with precise relations we come across more
complex mathematical problems which require larger number of parameters and more
complex numerical solving methods. With fuzzy approach, we rationally approximate the
system description based on the model as seen by an expert for observation of technological
process which solves the managing task.
Fuzzy control model can be split into three basic steps: (1) conversion of input information
that come from the real world (system) into a conceptual model expressed by fuzzy logic,
(2) application of conclusion procedures based on fuzzy logic, and (3) conversion of fuzzy
conclusion results into real system managing variables.
First step where the input information are converted with into fuzzy sets is called
fuzzyfication, while the reversed process of converting conclusions of fuzzy logic into
managing values of the real system (managing actions) is called defuzzyfication.
Fuzzyfication is converting process of outer data into inner (fuzzy) form, so that it can be
used by the determining system. We often use fuzzy singleton for converting numerical data
into fuzzy set. Fuzzy singleton is a fuzzy set whose affiliation function has value 1 for x = x0,
though for other values x ≠ x0 it has value 0.

COMPARATIVE INDICATORS AND FUZZY NUMBERS
INDICATORS OF ECONOMIC STATE INFLUENCE
Visit seasonality
Economic benefit achieved by the protected area of the tourist trade that is related or is based
on its attributes is largely dependent of the number of tourists who visit it. In other words, if
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fewer tourists visit the area we can, unquestionably, expect smaller economic benefit of the
tourist activity that is implemented. Therefore, larger number of tourists brings bigger
economic benefit. Besides the economic benefit, number of visitors is related with the
negative effects that follow tourist trade in protected area.
In our approach of evaluation of the tourism development sustainability in protected area, as
a ground base we will use results that are submitted by researchers who measured the
indicators of tourism development sustainability. One may argue that the ideal situation of
tourist distribution in the area in a year is the one in which during full time season (3 months)
we make 30 % of the annual revenue (10 % a month) what is for most tourist areas elusive 10.
Because of that, UN suggested the following, more tolerable and in practice more realistic,
attitude toward evaluating seasonal concentration of tourist trade in the high season
(3 months) like:
1. if percentage of visits in full time season makes less than 40 % of annual tourist visits to
the area than we consider, based on this economic indicator, that this visit distribution
provides opportunities for sustainable tourism development in the area,
2. if percentage of visits in full time season ranges between 40 % and 50 % of annual tourist
visit; in other words, if tourist trade in three months season makes 40 % - 50 % of annual
tourist trade in protected area then it is necessary to take certain precautions because that
seasonality trade is unsustainable, and further more it has negative impact on the protected area,
3. if percentage of visits in full time season makes more than 50 % of annual tourist visit in the
protected area, then this situation is alarming and it has its economic and ecologic consequences.
Let us apply, regarding this criteria, fuzzy logic on seasonality indicators using following
symbols and terminology: S is set of all fuzzy sets which we will use to describe an economic
indicator related to the tourist trade implemented by the protected area in one year time,
based on the realization percent of the trade in high season (trade percent that is made in the
most profitable three months). Symbols are:
 S0 is fuzzy number which indicates that “seasonality is sustainable”, in the case that tourist
trade percent in season is lower than 0,4 (less than 40 %) of annual tourist trade,
 Sn is fuzzy number which indicates that “seasonality is unsustainable”, in the case that
tourist trade value ranges between 0,4 and 0,5 (40 % - 50 %) of annual tourist trade,
 Sa is fuzzy number which indicates that “seasonality is alarming”, in the case that the
tourist trade value is more than 0,5 (more than 50 %) of annual tourist trade.
Therefore, set S contains So, Sn, Sa, and S = {So, Sn, Sa}. Sets So, Sn and Sa indicate the state of
visit seasonality which is made in high season (three months) in the protected area, which
represents partial value of economic indicator of the tourist development activity.
Based on these indicators we must gain insight into economic effects which tourist activity
has in the protected area. Let us show those sets using a membership function and trapezoidal
form in displaying fuzzy numbers, Figure 8.
1

1

1
Sa
Sn

So

0

0,40 0,45

1

0

0,40 0,50

1

0

0,45 0,50

Figure 8. Membership functions of fuzzy sets So, Sn and Sa.
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Relation between number of tourist’s overnights and accommodation facilities
According to the spatial plan of protected areas, and according to the management area aims
for the planned locations and its visitors accommodation facilities can be provided.
Accommodation facilities can be various: (mountain huts, cottage resorts, rural households,
hotels, motels…) depending of the implemented spatial planning activities planned for certain
areas within or in the protected part of the protected area. Fulfilling the possibilities of visitors’
accommodation in the protected area or on its locality (rural households) an opportunity is
provided for the PA management to make certain financial effects of tourist activity.
Size of the accommodation facilities has to be preplanned by the spatial plan (of locality) and
management plan (considering capacity of the area). Considering the extent of area accommodation
facilities, maximum of economic effects that can be implemented by the PA are determined.
Besides that, relation between tourists’ overnights and accommodation facilities that PA
disposes with is used as an economic trade indicator which is realized in the protected area.
As recommended, utilization of accommodation facilities in annual percent values is evaluated:
1. if the utilization of accommodation facilities in one year time is less than 33 %, economic
benefit, that destination has, is unsustainable. In that case, protected area managers have to
take certain measures in order to change momentary state,
2. if its utilization ranges between 33 % and 42 % we can say that its utilization is
economically tolerable, but still not optimal, and we should seek for other options of
improvement and tend to sustainable utilization,
3. in case that utilization is larger than 42 % then we can say that utilization is economically
sustainable.
Furthermore, we can notice that this kind of evaluation might be imprecise in economic
sustainability evaluation of tourist activity in the area. Indicator alone does not provide
possibilities of precise evaluation of tourist trade which is related to the tourist activity in the
protected area, because there is a large number of visitors who take part trading but they do
not realise their overnights in the destination area (they stay with its friends, relatives, rural
households...).
So let us say that K is set of all fuzzy sets with which the indicator of economic trade is
described. Economic trade indicator is presented through relation between overnights’
number and accommodation capacity with which the area disposes. In that case:
 Kn is fuzzy number that states for “low level of accommodation facility utilization” of the
area. It is when the intensity of bed utilization during one year is smaller than 0,33,
 Kp is fuzzy number that states for “tolerable utilization of accommodation facilities” of the
area. It is when the intensity ranges between 0,33 and 0,42, i.e. between 33 % and 42 %,
 Ko is fuzzy number that states for “sustainable level of accommodation facilities utilization”
of the area. It is when the intensity of bed utilization during one year is larger than 0,43.
Therefore, set K includes elements Kn, Kp and Ko: K = Kn, Kp, Ko. Corresponding
membership functions are given in Figure 9.
11

1
Kn

0

0,33 0,375

1
Kp

1

0

Ko

0,33 0,42

1

0 0,375 0,42

1

Figure 9. Membership functions of fuzzy sets Kn, Kp and Ko.

145

N. Stojanović

Coefficient of local tourist gain
Backbone of tourist activity influence in PA on economic benefit of local community (directly
or through complementary trades) is made of segments that manifest this activity through:
 participation of products produced within territorial boundaries of PA of total tourist
consumption,
 the share of overnights in municipalities that border with PA and in which PA is included
in total number of overnights at country level,
 the share of consumption which is realized in the PA of total consumption of
municipalities in which it is placed and which gravitate towards PA.
All these segments create components of economic benefit gain of local people. Therefore, in
order to determine coefficient of local tourist gain we need to analyze all aforementioned
factors which affect the change of economic situation of local community. The result of those
indicators would represent the coefficient values of local tourist gain. It is obvious that
determination process of that coefficient is difficult, imprecise and vague.
Considering difficulties with defining this indicator, European experts did not state its strict
boundaries, which means that evaluation of this important indicator is given to local managers
or tourist’s destination experts. To reduce inaccuracy of the evaluation, we consider that PA’s
tourist activity has certain impact on life standard of local people and that intensity of that
impact ranges between 0 % (minimum) and 100 % (maximum). Or, stated differently:
 tourist gain has certain impact on local tourist gain,
 in other words, PA’s tourist trade has no special importance for local tourist gain.
Let us express this statements in fuzzy sets. Set L is a set of all fuzzy sets which describe
tourist’s activity influence on general gain of economic effects at local people.
 Ln is fuzzy number which states that PA’s tourist activity “does not have any significant
participation” in economic effect’s gain of local people,
 Lz is fuzzy number which states that PA’s tourist activity “has significant influence” on
economic gain.
Set L = {Ln, Lz} and corresponding membership functions are given in Figure 10. According
to this representation of tourist’s activity influence on local tourist gain, one may conclude that
in both cases we can use information which we have, though in most cases it is incomplete.
Therefore, no matter what limits we set as criteria for determining boundaries of participation
in local tourist gain, we cannot say that for some numbers the state is sustainable if the
necessity for PA’s sustainability and development of ecotourism in it does not have
alternative, and if we are aware that without satisfied local people any PA can survive.
Furthermore, we can talk about smaller or bigger intensity of local community’s participation
in sharing of benefits that development of tourism in PA carries with it. More difficult
alternative will occur if the role of tourist development in local community reached its maximum
1

1
Ln

0

0,1

Lz

0,9 1

0

0,1

0,9 1

Figure 10. Membership function of fuzzy sets Ln and Lz.
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and now went in opposite direction. In that case, consequences for the local community,
which is accustomed to welfare, will be more severe than if it was development situation.
INDICATORS OF EVALUATION OF TOURISM INFLUENCE ON SOCIAL COMPONENT
Participation of tourism in local people’s employment
Tourism trade in a local community can be pillar of local industry and, also, additional
activity for the local people. And local people can be fully involved in tourism development.
One of the greatest benefits which controlled tourism development in PA provides, and which
concern the local people, is enlargement of its general income and increase in number of
employed people.
Local people’s dependence on tourism trade reflects in determining the intensity of its
economic dependence of the trade.
Partial indicator, that shows how PA’s tourism trade development impacts on social
component or how local people depend of tourism trade, does not have precisely defined
limits. That is because each PA has its characteristics (as any tourist destination) displayed in
the beauty of PA’s nature and, also, in the necessity for employment of its local people
(directly or indirectly).
Analyzing the percentage of vacancies created (directly or indirectly) by the tourism trade
will show if the tourism trade has significant or insignificant role in general number of
working population. Each evaluation will be subjective in certain part, because it depends of
whose interests it was made for.
In other words, what does the client want to show?
1. If the client wants to show “greater importance of tourism for the area” then there will be
vacancies initialized by tourism and those that are not so important for tourism trade, or
2. if the client wants “to point” that space used for tourism trade can be “more economically
and rationally” utilized – and number of vacancies created by tourism trade will come to
the point that “tourism activity has no significance”.
Local population dependence on tourism trade in the PA can cause certain sociological problems.
Great reliance of local people on tourism trade can cause certain problems in cases of bad
season or necessity for decreasing the tourism development intensity; in other words, reduce
of working population. Anyway, some dependence of local people certainly exists,
furthermore because of PA’s presence.
Let us using fuzzy sets descriptively express local people’s dependence on tourism trade.
U is set of all fuzzy sets with which we describe participation of tourism in employment of
local people.
 Um is fuzzy number stating that tourism trade is not significant for local population
employment; participation of tourism in local population employment is small,
 Uv is fuzzy number stating that tourism trade is significant for local population
employment; participation of tourism in local population employment is large.
Obviously, U = {Um, Uv}. Since precise limits for the indicator are not determined,
membership functions of fuzzy sets Um and Uv are represented in Figure 11.
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0
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0,1

0

0,9 1

0,1

Figure 11. Membership functions of fuzzy sets Um and Uv.

The percentage of tourists that came without mediation of tourist agency
Success of some tourism promotion is measured by the number of tourists that visit location,
by their staying in, and by their effort in promoting the values of the protected area. With
good presentation of protected area’s qualities, we can expect that certain number of tourists
visit the area without mediation of a tourist agency.
The goal of protected area management should be that tourists visit the area without the
mediation of tourist agencies (especially international agencies). In that way, local people
could feel the economic benefits of tourism in the area.
By the recommendation of EU experts, it is considered that tourist destination, in the sense of
measuring this indicator of sociological effect of PA’s tourism trade development, has
previously set limits which should evaluate impact of this indicator on social component of
tourism development. Before we specify these limits we should highlight the things that are
symptomatic for these evaluation limits.
In fact, these limits can be priory used for the areas where mass-tourism is in progress. Since
protected areas do not have that kind of opportunity for development of mass-tourism, it is
obvious that, in attempt to apply these limits, certain mistakes will occur.
Set T represents set of all fuzzy sets that describe importance of number of tourists, that visit
the protected area without mediation of tourist agencies, in general number of tourists in one
year time. Let us say that:
 To represents fuzzy set that points that percentage of tourists, that visited the area without
mediation of tourists agencies, is larger than 70 %, “visit is sustainable”,
 Tp represents fuzzy set that points that percentage of tourists, that visited the area without
mediation of tourist agencies, ranges between 50 % and 70 %, “visit is tolerable”,
 Tn represents fuzzy set that points that percentage of tourists, that visited the area without
mediation of tourist agencies, is smaller than 50 %, “visit is unsustainable”.
Obviously, T = {Tn, Tp, To}. Membership functions of sets Tn, Tp and To are giv
en in Figure 12.
1

1

1
Tn

Tp

To

0,5
0

0,5 0,6

1

0

0,5

0,7

1

0

Figure 12. Membership function of fuzzy sets Tn, Tp and To.
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INDICATORS OF EVALUATION OF INFLUENCE ON CULTURAL IDENTITY
Relationship between accommodation capacity and number of local population
Indicator that will show the influence of tourism development on cultural identity of the area,
its architectural features, and necessity for changes caused by the construction of adequate
infrastructure, is relationship between accommodation capacities and number of local
population. This indicator will provide information about the pressure, which local
community endure, caused by the intensity of tourism development in the protected area.
N represents set of all fuzzy sets that describe relationship between accommodation capacities
and number of local population. Let us say that:
 Nn represents fuzzy set pointing that relationship between accommodation capacities and
number of local population is smaller than 0,6, “relationship is unsustainable”,
 Np represents fuzzy set pointing that relationship between accommodation capacities and
number of local population ranges between 0,6 and 0,9, “relationship is tolerable”,
 No represents fuzzy set pointing that relationship between accommodation capacities and
number of local population is larger than 0,9, “relationship is sustainable”.
Obviously, N = {Nn, Np, No}. Fuzzy sets’ membership functions are given in Figure 13.
1

1
Nn

0

0,6 0,75

1

Np

1

0

No

0,6

0,9 1

0

0,6

Figure 13. Membership functions of fuzzy sets Nn, Np and No.

0,9 1
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Intensity of tourism expressed in proportion of number of overnights and number
of local population
Intensity of tourism development in protected area, by the recommendations of EU-experts, is
measured in relationship between number of tourists’ overnights in one year time (expressed
in thousands) and number of local population (expressed in hundreds). However, this method
of evaluation of tourism influence on cultural identity of local people did not consider
important segments of tourists: amateurs, picnickers, weekend visitors, and other visitors that
visit the area for just a day without staying a night, but who influence, through total tourist
trade, on cultural integrity of local people. With this indicator, as well, we encounter a
problem with precise evaluation of tourism influence on cultural identity of local community.
Probably, its evaluation, mainly, depends of an expert who evaluates it. Let us say that R
represents set of all fuzzy sets that describe proportion of number of overnights in one year
time (expressed in thousands) and number of local population (expressed in hundreds).
Let us suppose that:
 Rn represents fuzzy set that points that proportion of number of local population and
number of overnights during one year is smaller than 0,6, fuzzy set “is unsustainable”,
 Rp represents fuzzy set that points that proportion of number of local population and
number of overnights during one year ranges between 0,6 and 0,9; fuzzy set “is tolerable”,
 Ro represents fuzzy set that points that proportion of number of local population and
number of overnights during one year is larger than 0,9, fuzzy set “is sustainable”.
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Obviously, R = {Rn, Rp, Ro}. Corresponding membership functions are presented in Figure 14.
1

1

1
Rp

Rn
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0
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0,9 1

0
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0,9 1

Figure 14. Membership function of fuzzy sets Rn, Rp and Ro.

Indicator that would consider larger number of visitors to the area is the one that evaluates
relationship between number of visitors and number of available parking lots in the protected
area. Let us say that proportion of 2,5 people per parking lot is a sustainable proportion and it
would serve as standard in making spatial plans of national parks [10].
Once again, R represents set of all fuzzy sets that describe possible outcomes after evaluation
of indicator of proportion of number of visitors per parking lot. Furthermore,
 Ro represents fuzzy set that points that proportion of number of visitors per parking lot is
less or equal 2,5 and that proportion is convenient; fuzzy set of “proportion of number of
visitors per parking lot is sustainable”,
 Rn represents fuzzy set that points that proportion of number of visitors per parking lot is
more than 2,5 and that state is unsustainable; fuzzy set of “proportion of number of
visitors per parking lot is unsustainable”.
Obviously R = {Rn, Ro}. Corresponding membership functions are given in Figure 15.
Ro

Rn

1
1

1
1

0

1

2,5

0

1 2,5

Figure 15. Membership functions of fuzzy sets Ro and Rn.

INDICATORS OF ENVIRONMENT’S CONDITION
Control of tourists’ visits to protected area
One of indicators of influence of tourism development on environment and biodiversity of
protected area is the pressure caused by use of traffic in order to visit the location. The
percentage of tourists, that while visiting the location use their own transportation, is
measured. It is considered that use of public transportation lessens the pressure on
environment because more visitors use the same vehicle.
It is, furthermore, considered that if the percentage of visitors who visit the area by public
transpiration:
 is larger than 20 %, the influence of traffic use onto environment and biodiversity is
sustainable,
 ranges between 10 % and 20 %, then the influence is tolerable,
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 is smaller than 10 %, the influence is negative and certain measures should be undertaken
in order to prevent and stop further destruction of environment.
Let us say that Q represents set of all fuzzy sets that describe condition of traffic influence on
environment and PA’s biodiversity. And,
 Qn represents fuzzy set that points that percentage of visitors, who use public
transportation, is smaller than 10 % then “traffic influence on environment is unsustainable”,
 Qp represents fuzzy set that points that percentage of visitors, who use public
transportation, ranges between 10 % and 20 % then “traffic influence on environment is
tolerable”,
 Qo represents fuzzy set that points that percentage of visitors, who use public
transportation, is larger than 20 % then “traffic influence on environment is sustainable”.
Obviously, Q = {Qn, Qp, Qo}. Membership functions of Qn, Qp and Qo are given in Figure 16.
1

1

1

Qn

0

0,1 0,15

Qp

1

0

0,1 0,2

Qo

1

0 0,15 0,2

1

Figure 16. Membership functions of fuzzy sets Qn, Qp, and Qo.

Intensity of realization of spatial plan for the needs of tourism development
What can be an indicator of negative influence of tourism development on environment is the
intensity of the construction of infrastructure facilities for tourism needs and location
operation; in other words, the percentage of the planned utilization of land for the
construction of infrastructure facilities. Anyway, intensive construction causes high pressure
on environment. Especially, if the construction was not smooth as it was planned by strategic
documents (spatial plan), but caused by intensity of tourism development. Therefore, if in a
short time starts the construction of infrastructure facilities, then significant negative impact
on environment will occur. The intensity of realization of the construction represents the
indicator of influence on environment.
If the percentage of land size in which construction is allowed but not realised:
 is larger than 20 %, it is considered that rapid construction in that area will get certain
negative phenomena, and therefore “condition is unsustainable”,
 ranges between 10 % and 20 %, it is considered that the intensity of construction for
tourism needs is in the state of “condition is tolerable”,
 is smaller than 10 %, the state is considered as “sustainable”.
Let M denotes a set of all fuzzy sets that describe influence of intensity of implementation of
area planned for the construction of infrastructure facilities for tourism needs. Then:
 Mo represents fuzzy set that points that percentage of undeveloped, but planned land for
tourism needs less than 10 %; fuzzy set “percentage of unrealized construction is sustainable”,
 Mp represents fuzzy set that points that percentage of undeveloped, but planned land for
tourism needs ranges between 10 % and 20 %, fuzzy set “percentage of unrealized
construction is tolerable”,
 Mn fuzzy set that points that percentage of undeveloped, but planned land for tourism
needs is more than 20 %; fuzzy set “percentage of unrealized construction is alarming”.
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Naturally, M = {Mn, Mp, Mo} and membership functions of its fuzzy sets are given in Figure 17.
1

1

1
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0 0,1 0,15

Mp

1

0

0,1 0,2

Mn

1

0 0,15 0,2

1

Figure 17. Membership function of fuzzy sets Mo, Mp and Mn.

Management of PA’s forest ecosystem
One of very important indicators which should point the condition of environment is the way
how we manage PA’s forest ecosystems. Forest resources have multiple economic and social
significance. The size of exploitation of those resources greatly influences on:
 providing necessary financial resources for the PA’s functioning on the basis of
exploitation of wood assortments,
 protection and soil quality,
 development of tourism, hunting and recreation,
 protection and development of environment etc.
Proper and controlled use of this natural resource is of particular importance for the very
existence of the protected area.
Although funds got on the basis of forest management are significant for maintenance and
functioning of the protected area, the base of PA’s forest management should be sanitary
felling that maintains hygiene and encourages natural rejuvenation.
PA’s managers, in lack of financial resources, often make interventions in the way and size of
exploitation. In other words, managers in lack of funds for usual financing of PA’s basic
functions resort to bigger interventions of forest exploitation. Violation of PA’s forest ecosystem
can be caused by illegal felling, that can imperil PA’s forest ecosystem. We will consider
relationship between imperil forest ecosystems and financial funds of PA. Based upon researches
we can conclude that PA is financed by its own financial funds or from the national budget.
State’s participation in PA’s finance is various. It ranges from total absence of support and
funds to full providing of all necessary means (what is rare). Anyway, we can say that State
participation in PA’s financing of necessary means ranges between 30 % and 40 %; for many
protected areas this is what allows them to function and survive. Park managers should
provide other means. These means should be provided through activities and functions that
can be done in order with primary and secondary goals. There are protected areas where
funds of forest exploitation make 80 % of financing of necessary means (e.g. parks in Bosnia
and Herzegovina). This kind of approach, unquestionably, leads to degradation of protected
area and destruction of ecosystem. The condition, based on utilization and management of
forest ecosystems, can be described as:
 sustainable, if incomes of forest ecosystems exploitation are smaller than 30 % of
necessary means for PA’s functioning,
 tolerable, if the incomes range between 30 % and 40 %,
 unsustainable, if the incomes are larger than 40 %.
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Let us say that set B represents set of all fuzzy sets that describe intensity of forest
ecosystems utilization regarding the percentage of exploitation’s participation in PA’s
financing. In that case,
 Bo is fuzzy set that points that incomes of forest’s ecosystems exploitation are less than 30 %
of means that are necessary for PA’s functioning; fuzzy set “managing of forest
ecosystems is sustainable”,
 Bp is fuzzy set that points that incomes of forest’s ecosystems exploitation range between
30 % and 40 % of means that are necessary for PA’s functioning; fuzzy set “managing of
forest ecosystems is tolerable”,
 Bn is fuzzy set that points that incomes of forest’s ecosystems exploitation are more than
40 % of means that are necessary for PA’s functioning; fuzzy set “managing of forest
ecosystems is unsustainable”.
Obviously, B = {Bo, Bp, Bn} and membership functions of its fuzzy sets are given in Figure 18.
1

1
Bo

0

1
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0
1
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0,35 0,4
0
1
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Figure 18. Membership function of fuzzy sets Bn, Bi and Bo.
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REPEATED VISITS AS AN INDICATOR OF TOURISTS’ SATISFACTION
There are various factors that influence on satisfaction of PA’s visitors and which influence
on their choice. The most important are:
 ambient values of area (natural and cultural-historical values, availability of walking trails, ...),
 tourism activity in the region,
 quality of manifestation tourism product that takes its place in the park area and its
surroundings,
 how local population and PA’s employees treat visitors.
Alhough there is neither unique nor simple approach in evaluation of satisfaction with service
quality provided in tourism industry, EU-experts suggest that as an indicator for evaluation of
satisfaction with service quality of we should consider percentage of tourists that repeated
their visit to a certain tourist destination five years after first visit. This approach does not
have consistent and uniform manner because these data can be gathered by surveying the visitors.
Sometimes, survey is conducted in order to check the intentions of tourists’ visits to a certain
destination, and sometimes after one. Therefore, there is a lot of inaccuracy and subjectivity
in evaluation of indicator values of tourists’ satisfaction by their visit to some destination.
Depending of the percentage of visitors that repeated their visit, we consider that:
 if the percentage of visitors that repeated their visit ranges between 30 % and 40 % then we
can say that this destination is interesting and that it gives great satisfaction to the tourists,
 if the percentage is larger than 50 % then the satisfaction is higher and tourist destination
can influence on change in visitors’ consciousness,
 if the percentage is smaller than 30 % then we can say that the destination lost its attraction.
Inaccuracy in evaluation of this indicator (among other) lies in the fact that survey is
conducted on the people that visit the area for traditional, religious, cultural and historical
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reasons. Thus, there are many other reasons that cannot be factors in evaluating the
destination’s attraction but which cannot be avoided in measuring the percentage of tourists
that repeated their visit.
Let us say that set Z represents set of all fuzzy sets that describe conditions of evaluation of
destination’s attraction, so:
 Zn is fuzzy set that points that percentage of tourists that repeated their visit is smaller than
30 %; fuzzy set “destination is unattractive”,
 Za is fuzzy set that points that percentage of tourists that repeated their visit ranges
between 30 % and 40 %; fuzzy set “destination is still attractive”,
 Zv is fuzzy set that points that percentage of tourists that repeated their visit is larger than
50 %; fuzzy set “destination is very attractive”.
Obviously, Z = {Zn, Za, Zv}, and fuzzy sets’ membership functions are given in Figure 19.
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Figure 19. Membership function of fuzzy sets Zn, Za and Zv.

CONCLUSION RULES AND COMPARATIVE INDICATORS
Indicators of destination’s economic development and fuzzy conclusion
In order to make certain conclusions regarding evaluation of economic benefits made from
tourism development and sustainability of that development from the point of view of
evaluation of these effects based on comparative indicators that are presented as fuzzy sets,
we have to define rules by using fuzzy logic where by using fuzzy numbers as input
components we determine values of output variables, evaluation of economic effects.
As we previously mentioned, the indicators of evaluation of economic effects gained by
tourism development are:
1. evaluation of seasonality of tourism trade, set of all fuzzy numbers that describe the
evaluated condition as S = {So, Sp, Sn},
2. evaluation of intensity of destination’s accommodation utilization is described by fuzzy
sets K = {Kn, Kp, Ko},
3. evaluation of influence of tourism trade on increase of economic income of local
population; local tourism increase is evaluated by L = {Ln, Lz} fuzzy set.
Insignia space where certain descriptions of possible evaluation of economic effects’
conditions, which development of tourism has, is determined by fuzzy sets’ results S  K  L.
If E is set of all fuzzy sets that evaluate economic component of tourism development, then
the space of possible conditions, upon which evaluation will be made, make arranged fuzzy
sets’ triples S, K, L:





 



E  So , Sp , Sa  K n , K p , Ko  Ln , Lz  

 So Kn Ln , So Kn Lz , So Kp Ln , So Kp Lz , So Ko Ln , So Ko Lz , Sp Kn Ln , S p Kn Lz ,Sp K p Ln ,



Sp Kp Lz , Sp Ko Ln , Sp Ko Lz , Sa Kn Ln , Sa Kn Lz , Sa Kp Ln , Sa K p Lz , Sa Ko Ln , Sa Ko Lz ,

where each coordinate S, K, L represents language variable defined by set of attributes.
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Characteristic function of attributes’ influence
In order to establish certain criteria according which condition will be described by
appropriate attribute, that represents fuzzy number, we use the fact that each attribute of
evaluated indicator describes condition of influence of evaluated indicator, denoted by fuzzy
number. Therefore, to each of these attributes we can join function that characterizes it. There
is defined function for each attribute ai:
 1,

 : ai   ai    0,
 1,


describes thepositivecondition of indicator influence,
describes improvedcondition of indicator influence,
describes negativecondition of indicator influence,

where (ai) represents characteristic function of attribute ai condition and (ai)1, 0, –1.
Attributes that describe the condition of intensity of economic influence of tourism
development in PA are given in Table 4.
Table 4. Attributes of description of indicators’ conditions that determine intensity of economic
effect of tourism development.
Attribute
Possible
condition of
Characteristic attribute function
Symbol
Evaluation
attribute
(ai)
indicator
(ai)
Seasonality of visit
S
So, Sp, Sa
 So   1,  Sp   0,  Sa   1

Intensity of
accommodation utilization
Impact of tourism
development on local
industry

K

Kn, Kp, Ko

 K n   1,  K p   0,  Ko   1

L

Ln , Lz

 Ln   1,  Lz   1

Set containing evaluations of conditions of tourism impact onto economic component is
S(E), with the following elements:
S(E)=s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, s17, s18,
where each element si (i = 1, ... 18) represents one influence condition of evaluated indicators
described by attributes (fuzzy numbers). So, s = (a1, a2, a3,) where a1 belongs to S, a2 to K
and and a3 to L.
Characteristic function of condition s is represented by
(s)  (a1, a2 , a3 )  ((a1), (a2 ), (a3 )) .
Let us define a function which will assign a value to each condition s from S(E), depending
of individual value of attributes describing that very condition s. Let us refer to that function
as a “severity influence function” and denote it by (s). It is equal to sum of individual
attributes that make observed condition:
 (s) 

n

  a  ,
i

i 1

where (ai) is a function of influence of individual attributes’ condition, s is condition of
influence of evaluated indicators, s = (a1, a2, ... an) and ai are individual attributes (i = 1, 2, ..., n).
Values of influence severity of individual conditions are as listed in Table 5.
Let us define in condition set S(E) the relation   “to have the same influence severity”.
Equivalence axioms stand for  relation:
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Table 5. Possible conditions of economic condition evaluation and severity functions’ values

of certain conditions.
Ln
So Kn Ln
So Kp Ln
So Ko Ln
Sp Kn Ln
Sp Kp Ln
Sp Ko Ln
Sa Kn Ln
Sa Kp Ln
Sa Ko Ln

(s)
-1
0
1
-2
-1
0
-3
-2
-1

Lz
So Kn Lz
So Kp Lz
So Ko Lz
Sp Kn Lz
Sp Kp Lz
Sp Ko Lz
Sa Kn Lz
Sa Kp Lz
Sa Ko Lz

(s)
1
2
3
0
1
2
-1
0
1

reflexivity: for each condition S from S(E), ss stands,
symmetry:  s1, s2  S(E), s1s2  s2s1,
transitivity:  s1, s2, s3  S(E) stands (s1s3 & s2s3)  s1s3.
Therefore, in set S(E), the equivalence relation  is defined, which divides S(E) into
equivalence classes. Let C be the set of all influence classes, so the equivalence classes are:
C = –3, –2, –1, 0, 1, 2, 3.
Elements of classes are conditions made by evaluation of measurement indicators (condition
attributes):
C-3 = SaKnLn, C-2 = SpKnLn, SaKpLn, C-1 = SoKnLn, SpKpLn, SaKoLn, SaKnLz,
C0 = SoKpLn, SpKoLn, SpKnLz, SaKpLz, C1 = SoKoLn, SoKnLz, SpKpLz, SaKoLz,
C2 = SoKpLz, SpKoLz, C3 = SoKoLz.
Using previously mentioned attributes that describe state of economic indicator, we introduce
fuzzy numbers that represent evaluation of condition of influence on economic component.
Intensity of influence of tourism development on economic component represents function
which depends of indicator values (S, K, L).
E represents set of all fuzzy sets that describe economic effects of tourism development, and:
 Ea represents economic opportunities used up to 25 %; fuzzy set points that economic
effects, which local community makes of tourism development, represent “condition
is alarming” (described by class conditions C-3, C-2),
 En represents economic opportunities used up to 50 %; fuzzy set points that economic
effects, which local community makes of tourism development, represent “effects do
not have significant influence” (described by class condition C-1),
 Ep represents economic opportunities used from 50 % to 70 %; fuzzy set points that
economic effects, which local community makes of tourism development, represent
“condition is tolerable” (described by class conditions C0, C1),
 Eo represents economic opportunities used more than 75 %; fuzzy set points that
economic effects, which local community makes of tourism development, represent
“condition is sustainable” (described by class conditions C3, C2).
Then E = Ea, En, Ep, Eo. Corresponding membership functions are given in Figure 20.
Finally, let us analyse impact which some indicators have onto evaluation of economic
effects of tourism development in particular destination.
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Figure 20. Membership functions of fuzzy sets Ep and Eo.

Using fuzzy implication “if P then R”, which leads us to management function, we have an
opportunity to create certain rules regarding which evaluation of economic indicator values
will be defined. Rules upon which we evaluated local community’s economic benefit of
tourism development are:
R1: IF (x is So AND x is Ko AND x is Lz) ELSE
(x is So AND x is Kp AND x is Lz) ELSE
(x is Sp AND x is Ko AND x is Lz) THEN

(y is Eo),

R2: IF (x is So AND x is Kp AND x is Ln)
(x is Sp AND x is Kn AND x is Ln)
(x is Sp AND x is Kn AND x is Lz)
(x is Sa AND x is Kp AND x is Lz)
(x is So AND x is Ko AND x is Ln)
(x is So AND x is Kn AND x is Lz)
(x is Sp AND x is Kp AND x is Lz)
(x is Sa AND x is Ko AND x is Lz)

ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
THEN

(y is Ep),

R3: IF (x is So AND x is Kn AND x is Ln)
(x is Sp AND x is Kp AND x is Ln)
(x is Sa AND x is Ko AND x is Ln)
(x is Sa AND x is Kn AND x is Lz)

ELSE
ELSE
ELSE
THEN

(y is En),

R4: IF (x is Sa AND x is Kn AND x is Ln) ELSE
(x is Sp AND x is Kn AND x is Ln) ELSE
(x is Sa AND x is Kp AND x is Ln) THEN

(y is Ea),

For example, we read rule R1:
IF
visit seasonality is sustainable and accommodation capacity utilization is sustainable
AND tourism trade is significant for increase of local community’s economic effects
OR
visit seasonality is sustainable and accommodation capacity utilization is tolerable
AND tourism trade is significant for increase of local community’s economic effects
OR
visit seasonality is unsustainable and accommodation capacity utilization is sustainable
and tourism trade is significant for increase of local community’s economic effects
THEN
economic effect’s intensity caused by tourism development is sustainable,
and similarly other rules. Evaluation of economic effects dependance onto previously
introduced indicators was checked using MATLAB Fuzzy Logic Toolbox. Previously defined
fuzzy numbers were used in trapezodial form.
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Let us consider analysis of the first rule of condition evaluation R1, ... R4 where condition of
economic effects of tourism development expresses sustainable condition, Figs. 21 and 22.
One can notice that each change in evaluated indicator’s value causes change in certainty that
condition evaluation is denoted as sustainable.

Figure 21. Rule R4 of conclusion and defuzzification.

Figure 22. Representation of rules and membership function of economic effects’ evaluation

expressed by rules R4 (left) and R1 (right).

CONCLUSIONS
Measuring the sustainability development of tourism in comparative indicators, the classical
method contains a lot of imprecision caused by the uncertainty in the limits of individual
indicators, as well decisions are the result of the impact assessment of individual indicators in
the traditional manner. The proposed model enables measurement of sustainable development
tourism we are not able to dispose of precise values comparative indicators. Measuring
sustainable development of tourism using fuzzy sets and fuzzy logic is just one area in which
use fuzzy logic in tourism. Exposed methods for measuring the intensity of the sustainability
of individual indicators can be applied to define the rules and reasoning to determine
sustainable development destination with all the uncertainty that can occur in such
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measurements. Rules are defined for measuring the intensity of the sustainable development
of tourism destinations using fuzzy logic, which will be further developed.
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MATEMATIĈKO MODELIRANJE ODRŽIVOG RAZVOJA
TURIZMA POMOĆU NEIZRAZITIH SKUPOVA
Nenad Stojanović
Poljoprivredni fakultet, Sveučilište Banja Luka
Banja Luka, Bosna i Hercegovina

SAŽETAK
U prvom dijelu rada razmatrani su neizraziti skupovi usporedbenih indikatora kojima se određuje održivost razvoja
turizma. U drugom dijelu rada, na temelju postavljenog modela, pokazano je kako pomoću neizrazite logike
učinkovito odrediti vrijednosti održivog razvoja turizma u zaštićenim područjima ako su postavljeni sljedeći
skupovi indikatora: za ekonomski status, za utjecaj turizma na društvenu komponentu, za utjecaj turizma na
kulturni identitet, za uvjete u okolini te za zadovoljstvo turista.
Također je pokazano kako utvrditi razinu pouzdanosti u pravila pomoću kojih se, prema stručnjacima, donose
primjerene odluke za zaštitu biološke raznolikosti zaštićenih područja.

KLJUĈNE RIJEĈI
matematičko modeliranje, održivi razvoj turizma, zaštićena područja, neizrazita logika, usporedbeni indikatori
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