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EDITORIAL FOR THE THEMATIC ISSUE 
INNOVATION FOR ORGANIZATIONAL 
PERFORMANCE: APPROACHES AND 

APPLICATIONS 

The purpose of this thematic issue of INDECS is to present articles that are devoted to 

the analysis of the important positive role of innovation on organizational 

performance. Some of the latest research on approaches and applications in this field 

were presented at an international conference The 3rd ENTRENOVA ’16 (Enterprise 

Research Innovation Conference) which was organized in Rovinj, Croatia, in 

September 8-9, 2016. ENTRENOVA is a multi-disciplinary conference dedicated to 

examining, comprehending and meritoriously countering to the economic, 

management, organizational, marketing and other issues inquired by innovation, 

informational technology, and R&D, driven by enterprises. 

The articles were accepted after a blindly review process of two independent reviewers 

selected from the members of Program Committee of the symposium. At ENTRENOVA ’16 

it was agreed to publish thematic issue of INDECS including a selection of refereed 

journal version of articles presented at the symposium in Rovinj, Croatia.  

The call for thematic issue of INDECS was open to participants of ENTRENOVA ’16 

as well as to other researchers and practitioners from the fields of management, 

innovation and management information systems. Eight submissions for thematic 

issue of INDECS were received, some of them being extended journal version of 

short articles from proceedings. Each submission was first reviewed by guest editors 

and then blind reviewed by two experts. 

CONTRIBUTIONS 

Further in the text the short description of the articles contributing to this thematic 

issue of INDECS is presented. 

Vrankić and Krpan analyse the short run profit maximization model in a convex 

analysis framework and confirm duality results in the corresponding problem by 

deductively applying the results of convex analysis. In the primal problem they derive 

the normalized profit function from two perspectives, describing the technology by 

the production function and by the real variable cost function. By enveloping the 

closed convex set with its tangents, they derive the first order necessary conditions 

describing the problem and interpret its economic meaning. Special attention is given 

to the comparative statics results. By comparing the graph of the normalized profit 

function of the active and passive producers they recover the 
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dual optimization problems, corresponding first order necessary conditions 

interpreting their important economic and econometric implications as well as 

comparative statics results describing the firm’s behaviour in the short run. They 

recognize the unique structure of microeconomic phenomena, which they analyse on 

the short run profit maximization model by applying the results of convex analysis in 

a simple and intuitive way, while emphasizing in the same time that the same kind of 

reasoning can be apply to any economic problem which includes optimization. 

Dumičić, Žmuk and Čeh Časni (2017) in their article examine the differences in male 

and female unemployment rates for twelve European countries in the period from 

1991 to 2014 and predict their future trends by using different statistical forecasting 

models. In the empirical analysis, as a benchmark for comparison of male and female 

unemployment rates the average unemployment rate concerning all the EU-28 member 

states was used. The criterion for selecting the most appropriate model is the lowest 

overall forecasting error value. Their empirical analysis has shown that the linear trend 

model was the best forecasting model for a vast majority of countries in the sample and 

that in the selected period the decreasing trend of unemployment rates in the short-run 

is forecasted for more Eastern Balkan than the EU-28 countries. They also evaluate 

the impact of adding a new data point on the selection of the most appropriate 

statistical forecasting model and on the overall forecasting errors values. According to 

their analysis an additional data point for male and female unemployment rates in 

2014 led to somewhat smaller forecasting errors in more than half of the observed 

countries. They conclude that the additional data point does not necessarily improve 

forecasting performances of the used statistical forecasting models. 

Klímová and Žítek assess and compare the intensity and structure of research and 

development in the Czech Republic and Slovakia, where the evaluation is carried out 

at the level of NUTS 3 regions (14 regions in the CR and 8 regions in Slovakia) using 

statistical data for 2014. Their analysis confirms that in both countries research 

activity is concentrated in the capital cities (Prague and the Bratislava Region) and in 

the South Moravian Region but in comparison with the most developed European 

states, the research activity in the Czech Republic and in Slovakia is quite low. They 

evaluate the intensity of R&D through the IR&D index, which confirmed higher 

intensity of R&D in the Czech regions. Based on the cluster analysis, they divide the 

regions into three groups based on their similarities. The structure of research and 

development was evaluated in accordance with the quadrant model of R&D 

orientation. The authors find that the best prerequisites for radical and incremental 

innovations were identified in Prague and the South Moravian and Pilsen Regions. 

Based on their analysis the authors conclude that research activity is lower in Slovakia. 

Máhr in his article investigates the innovation performance of Tourism destination 

management (TDM) organisations in Hungary for the period between 2011 and 2014 

and presents the results of his research which gives information about the reasons for 

innovation of TDMs, the factors hindering innovation, the social innovation potential 

and the future plans of TDMs. Also, the research propositions asked during the 

research were answered, i.e. certain cooperating partners influence TDM innovation 

performance, the existence of social innovation can be influenced by certain 

cooperating partners. At the same time the organizational characteristics 

(geographical location, legal form and settlement size) do not influence innovation 
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performance. Also, the scarceness of financial resources hinders the spreading of 

innovation. The author sees the further research target direction in the definition of the 

characteristics of innovative TDM organisations and the analysis of parameters 

influencing their innovation-related decisions. 

Meštrović in her article studies the relationship between service quality, students’ 

satisfaction and behavioural intentions of science, technology, engineering and 

mathematics (STEM) and information-communication (IC) students of the University 

of Rijeka Departments by applying partial least squares structural equation model 

using SmartPLS 3.0 software on the student survey data. The analysis confirms a 

direct, positive and significant relationship between higher education service quality 

and students’ satisfaction and between students’ satisfaction and their behavioural 

intentions. According to indirect effects analysis, perceived higher education service 

quality has an indirect, positive and significant impact on students’ behavioural 

intentions through students’ satisfaction. The results indicate that higher education 

service quality is an imperative for higher education sector. 

Grubor and Milovanov in their article analyse how branding theory and practice 

evolve in modern business environment where sustainability has been set as a major 

global issue. They emphasize strong brands as a powerful driver of changes towards 

sustainable behaviour patterns of both companies and consumers. Relying on the 

results of the existing research and analysis in the field, authors give strategies for the 

successful implementation of green values into the brand management. In order to 

create public awareness and green behaviour patterns, authors emphasize some of the 

leading topics such as dealing with the attitude – behaviour gap, marketing communication 

and education with the aim of fitting greenness into consumer lifestyle, finding value 

in consumption and building trust between brand/company and consumers. 

Perić, Babić and Resić present a new methodology for vendor selection and supply 

quotas determination problem which combines the Analytic Hierarchy Process (AHP) 

method and a new multi-objective linear programming method based on the 

cooperative game theory. The proposed methodology authors test on the problem of 

flour purchase by a company that manufactures bakery products. Their research 

indicates its high performance in the vendor selection and supply quotas 

determination problem. As the main advantages of the applied methodology authors 

emphasize its simplicity, decision makers’ high level confidence of the obtained 

results since the AHP method can be efficiently applied for reducing complex and 

hierarchical criteria quality and reliability to simpler forms and application of the new 

MOLP method makes decision makers actively participating in the whole process of 

the supply quotas determination. Also, the method guaranties obtaining the preferred 

solution in a finite number of steps and it can be used when there is a large number of 

decision makers. The space for future research authors see in including the dynamic 

process and a simultaneous application of quantity discounts as well as a discount of 

quantity value in a particular period in the proposed methodology for the vendor 

selection and the supply quotas determination problem. 

Mabić and Klepić in their article investigate the opinions of BIH managers about the 

impact of Web 2.0 technologies on business operations, where by Web 2.0 they mean



Interdisciplinary Description of Complex Systems 15(1), v, 2017 
 

 

 

 

  

a set of technologies such as Wiki systems, blogs, Web 2.0 social bookmarking 

applications, Web 2.0 podcasting applications, social networks, virtual worlds etc., 

applicable in different fields. The results of the empirical research they conducted 

among top and middle managers in companies in Bosnia and Herzegovina during 

May and June 2015 show that all respondents have a relatively positive opinion on the 

application of Web 2.0 technologies in business, although not all of them are using 

them. As the most important characteristics of Web 2.0 technologies managers see in 

making the most important contribution to data and information sharing in company 

and in having a significant impact on the quality of communication, both internal and 

external. The results of their research encourage the authors to do a further research 

on the application of Web 2.0 technologies in business so as to increase their use and 

explore their advantages and benefits. 

 

Zagreb, February 28
th

 2017 Mirjana Pejić Bach 
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ABSTRACT 

In this article we analyse the short run profit maximization problem in a convex analysis framework. 

The goal is to apply the results of convex analysis due to unique structure of microeconomic 

phenomena on the known short run profit maximization problem where the results from convex 

analysis are deductively applied. In the primal optimization model the technology in the short run is 

represented by the short run production function and the normalized profit function, which expresses 

profit in the output units, is derived. In this approach the choice variable is the labour quantity. 

Alternatively, technology is represented by the real variable cost function, where costs are expressed 

in the labour units, and the normalized profit function is derived, this time expressing profit in the 

labour units. The choice variable in this approach is the quantity of production. The emphasis in these 

two perspectives of the primal approach is given to the first order necessary conditions of both models 

which are the consequence of enveloping the closed convex set describing technology with its 

tangents. The dual model includes starting from the normalized profit function and recovering the 

production function, and alternatively the real variable cost function. In the first perspective of the 

dual approach the choice variable is the real wage, and in the second it is the real product price 

expressed in the labour units. It is shown that the change of variables into parameters and parameters 

into variables leads to both optimization models which give the same system of labour demand and 

product supply functions and their inverses. By deductively applying the results of convex analysis 

the comparative statics results are derived describing the firm’s behaviour in the short run. 

KEY WORDS 

short run profit maximization, duality, normalized profit function, Hotelling’s lemma and its dual, 

comparative static analysis 
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INTRODUCTION 

The basic behavioural assumption in economics is that economic agents optimize subject to 

constraint. In the optimization problems convex sets take an important role in describing 

economic laws in almost every area of microeconomic theory. The possibility of describing 

convex sets in two ways leads to duality in microeconomic theory which can be defined as 

derivation and recovering of the alternative representations of consumer preferences and 

production technology 1-5. 

The goal of the article is to apply the results of convex analysis due to unique structure of 

microeconomic phenomena on the known short run profit maximization problem where the 

results from convex analysis are deductively applied. This article expands our research of 

duality between the short run profit and production function 6. In the primal optimization 

model the technology in the short run is represented by the short run production function and 

the normalized profit function, which expresses profit in the output units, is derived. In this 

approach the choice variable is the labour quantity. Alternatively, technology is represented 

by the real variable cost function, where costs are expressed in the labour units, and the 

normalized profit function is derived, this time expressing profit in the labour units. The 

choice variable in this approach is the quantity of production. The emphasis in these two 

perspectives of the primal approach is given to the first order necessary conditions of both 

models which are the consequence of enveloping the closed convex set describing technology 

with its tangents. The dual model includes starting from the normalized profit function and 

recovering the production function, and alternatively the real variable cost function. In the 

first perspective of the dual approach the choice variable is the real wage, and in the second it 

is the real product price expressed in the labour units. It is shown that the change of variables 

into parameters and parameters into variables leads to both optimization models which give 

the same system of labour demand and product supply functions and their inverses. By 

deductively applying the results of convex analysis the comparative statics results are derived 

describing the firm’s behaviour in the short run. 

The word duality comes in the economic literature for the first time in the work of Hotelling 

in 1932 who recognized that with the utility function (profit function) whose arguments are 

quantities, and whose derivatives are prices, there exists dually a function of prices whose 

derivatives are quantities (price potential) 7. Jorgenson and Lau interpreted Hotelling’s 

profit function as the production function, and price potential as the normalized profit 

function 8, 9. The advantages of duality are especially recognized from an empirical 

standpoint, because the supply and demand functions are obtained by simple differentiation 

of the value functions which satisfy certain regularity conditions instead of solving the whole 

optimization problem. The second advantage of duality theory lies in the elegant comparative 

statics analysis which is implied by the properties of the value functions 4. 

McFadden first proved McFadden duality theorem between the profit and production 

function 10. From a theoretical point of view, after the recognition of the practical 

advantages of duality in microeconomic theory, authors were proving the duality theorems 

between various primal and dual functions starting from the various regularity conditions 4. 

From an empirical point of view, technology parameters were estimated starting from the 

various functional forms of the dual functions, including the profit function. An alternative 

approach includes nonparametric estimation 11-15. 

There exists a lot of literature devoted to the analysis of duality theory in empirical 

application. The most interesting question in this context is whether the estimates obtained in 

the primal approach are consistnt with those obtained in the dual approach 17, 18. 
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The remainder of the article is organized as follows. The next section analyses the short run 

profit maximization model from two perspectives, where in the first perspective the 

normalized profit function is derived by starting from the production function, and in the 

second perspective the normalized profit function is derived by starting from the real variable 

cost function. The third section includes recovering the production function and the real 

variable cost function from the normalized profit function and derivation of the comparative 

statics results. The fourth section gives an illustrative example of the results and the final 

section summarizes the obtained findings. 

THE SHORT RUN PROFIT MAXIMIZATION PROBLEM 

The basis for the application of duality theory in microeconomics is the price taking 

behaviour 1. In this article we start from the perfectly competitive firm in the output and 

input market and analyse its behaviour in the short run. The starting point is the description of 

technology in the short run which is in the first approach described by the production 

function ),( KLfy  , where y is the output quantity, L  is the labour quantity which is the 

variable input and K  is the quantity of capital, which is fixed input in the short run. The 

choice variables of the perfectly competitive firm in the short run are the profit maximizing 

labour and output quantities.  

Since the optimal variable input and output quantities are not influenced by the quantity of 

the fixed input, the short run profit function will be defined below as the difference between 

total revenue and variable cost,  

 wLKLpfKwp
L

 ),(max),,( , (1) 

where p is the product price and w is the price of the variable input. By dividing all prices in 

the model by the product price and expressing them in the units of product, the upper model 

reduces to the following equivalent model: 

 L
p

w
KLf

p

K
p

w

L











),(max

,

. (2) 

The optimal value function in this optimization model is called the normalized profit function 

after Jorgenson and Lau 9. It is the function that gives maximum profit in the short run 

expressed in the units of output. The firm chooses the quantity of variable input taking into 

account the quantity of the fixed input and the real wage. Therefore, the solution of the above 

optimization problem includes the variable input demand function, or the labour demand 

function, the supply function and the maximum short run normalized profit function. 

By differentiating the goal function in (2) with respect to L , and for the given real wage 
0

w

p

 
 
 

, the first order necessary condition is obtained, which implies that the firm will hire the 

level of labour for which the real wage is equal to the marginal product of labour,  

 

0

( , )w f L K

p L

  
 

 
. (3) 

This is a known result in the microeconomic theory. The second order sufficient conditions 

imply decreasing marginal product of labour 16, 19, 

 . (4) 
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The goal is to apply the results of convex analysis on this short run profit maximization 

problem and to confirm the derived results graphically by enveloping the closed convex 

production set with its tangents. 

Technology in the short run is represented by the production curve which expresses 

maximum output quantity that can be produced given fixed input quantity and the given 

technology. It is assumed that the production function is differentiable on its domain which 

implies that the production curve has the unique tangent in each point. This assumption is not 

necessary for the analysis and all results can be derived by not relying upon the differentiability 

assumption. We also assume that the production function is concave or that the production 

process in the short run is characterized by the diminishing marginal product of labour. 

Let us look at the Figure 1 and let us choose some arbitrary labour quantity 
0L  that, together 

with fixed capital in the short run, produces the output level ),( 00 KLfy  , which is 

represented by the point ),( 00 yL  on the production curve. If we draw a tangent on the 

production curve at this point, the slope of the tangent is the value of the marginal product of 

labour at this point, )()(
)( 00 LfL

L

Lf
L




, and the equation of the tangent is 

 ))(( 000 LLLfyy L  . (5) 

We can look at the tangent from another perspective and give to it another interpretation. The 

first step is to interpret the production curve as the real revenue curve, expressing revenue in 

the product units. Real revenue is obtained by dividing total revenue with the product price. 

The next step is to include the graph of the real variable costs whose equation is 

0

w
y L

p

 
  
 

. 

Real variable costs are costs are expressed in the units of output. They are represented by the 

line with the slope equal to the real wage. The goal is to find the labour level which makes 

the difference between the real revenue and the real variable costs, which is the real or 

normalized profit, the biggest as in (2). 

The real variable cost curve can be interpreted as the isoprofit curve which gives all the 

combinations of labour and production for which the normalized profit is equal to zero. 

Generally, the equation of the isoprofit line is  

 

0

w
y L

p p

 
   

 
 (6) 

and for 0


p
 it collapses to 

0

.
w

y L
p

 
  
 

 From the equation in (6) it can be concluded that 

the normalized profit is graphically represented as the intercept of the isoprofit line. 

Therefore, we move isoprofit lines up until the tangency of the production curve and the 

isoprofit line is reached. For this level of labour the normalized profit is maximized and the 

isoprofit line is the tangent on the production curve. This implies that the real wage is equal 

to the marginal product of labour, which was already derived in (3). By solving the equation 

in (3) the labour demand function is obtained and the short run supply function is derived by 

inserting the labour demand function in the short run production function. 

The equation of the isoprofit line which represents maximum profit and which is the tangent 

on the production curve is  
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0

w
y L

p p

  
   

 
. (7) 

The comparative statics analysis require answering the question about the influence of the 

parameter change on the optimal solution, which in our context includes answering the 

question about the influence of the real wage change on the optimal labour and output levels, 

and finally on the normalized profit. In answering this question we will envelop the 

production curve with more tangents. So let's assume that the real wage increases, 
01



















p

w

p

w
. For the given technology and fixed factor of production, the active producer 

will adjust to the new real wage change and hire less labour. This will lead to decreased 

production. Let's analyse new isoprofit line 

 

1

w
y L

p p

  
   

 
 (8) 

determined by the new real wage and look for profit maximizing labour level. It is 

determined by the point of tangency between the production curve and the new isoprofit line. 

At the real wage 

0

w

p

 
 
 

the optimal labour level is 
0L . The equation of a tangent on the 

production curve at 

0

w

p

 
 
 

 is 

0 0

w
y L

p p

   
    
   

or equivalently, the equation of a line passing 

through the point 0 0, ( )L f L    with the given slope 

0

w

p

 
 
 

is  

 

0

0 0( ) ( )
w

y f L L L
p

 
   

 
. (9) 

At the real wage 

1

w

p

 
 
 

the optimal labour level is 
1L . The equation of a tangent on the 

production curve at 

1

w

p

 
 
 

 is 

1 1

w
y L

p p

   
    
   

or equivalently, the equation of a line passing 

through the point 1 1, ( )L f L    with the given slope 

1

w

p

 
 
 

 is  

 

1

1 1( ) ( )
w

y f L L L
p

 
   

 
. (10) 

Since the graph of the concave production function is below its tangent, the following 

inequalities for the two labour levels hold:

0

1 0 1 0( ) ( ) ( )
w

f L f L L L
p
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and

1

0 1 0 1( ) ( ) ( )
w

f L f L L L
p

 
   

 
. From these two previous inequalities the important 

comparative statics result from the production theory follows, 

 

0 1

0 1( ) 0.
w w

L L
p p

    
      

     

 (11) 

It implies that an increase in real wage decreases demand for labour of the profit maximizing 

firm for the given technology and fixed input. This result was obtained by enveloping the 

closed convex set with its tangents, or by changing real wage. Intercepts of tangents on the 

vertical axis represent the value of maximum normalized profit for various values of real 

wages and for the given level of the capital. 
y

L
0

D

( , )y f L K

F

1( )
p



1y

0( )
p



0y

1 1 0(( ) , ) ( )
w w

K L
p p p




1 1 1( , )( )Ly y f L K L L  
0 0 0( , )( )Ly y f L K L L  

1L 0L  

Figure 1. Deriving the Normalized Profit Function. 

An alternative approach in deriving the normalized profit function includes starting from the 

variable cost function as representation of the firm’s technology, ( ) ( )VC y wL y , where 

)(yL  represents minimum labour quantity for each output quantity and it is obtained by 

inverting the production function in the short run. Conditionally, the variable cost function 

gives minimum variable costs necessary to produce every production quantity. The short run 

profit maximization problem in this approach includes maximizing the difference between 

revenue and variable costs, where the decision variable is the quantity of production,  

  (12) 

To analyse a profit maximization problem from this perspective in the convex analysis 

framework, we divide all prices in the model by the wage. So we are expressing the prices 

and profit in the labour units. The upper model consequently reduces to the following 

equivalent model: 

 ( , ) max ( )
y

p p
K y L y

w w w


  . (13) 

In this approach profit is expressed in the units of labour and we are looking for the output 

quantity that gives the biggest difference between the revenue expressed in the units of labour 

and the variable costs expressed in the units of labour. By differentiating the goal function 

with respect to the output quantity, the first order necessary condition is obtained, 

 
( )p dL y

w dy
  (14) 
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or 

 
dy

ydL
wp

)(
  (15) 

which gives us the known microeconomic condition according to which the producer will 

supply the production quantity for which the marginal revenue, which is the price, is equal to 

the marginal cost, 
dy

ydL
w

)(
. 

To give this short run profit maximization model a convex analysis framework, let’s conduct 

the same kind of analysis as before. The real variable cost curve is graphically represented in 

the space where the product quantity is measured on the horizontal axis and real variable 

costs are measured on the vertical axis. Since we started from the concave production 

function, the real variable cost function is convex in y 16, 19. Next we add the graph of the 

real revenue whose equation is 
p

L y
w

 , which represents revenue in the labour units. It is 

the line with the slope equal to the real product price, or the product price expressed in the 

labour units. Graphically we are looking for the output quantity which gives the biggest 

difference between the real revenue and the real variable costs. The real revenue line can be 

interpreted as the isoprofit line for the level of normalized profit equal to zero, 
p

L y
w

  , 

which for 0 , collapses to 
p

L y
w

 . Since our interest is in finding the maximum profit, 

we will move the isoprofit line up until the tangency of the cost curve and the isoprofit line is 

reached. For this level of quantity isoprofit line is the tangent on the cost curve and the slope 

of the isoprofit line is equal to the slope of the cost curve, or the product price is equal to the 

marginal cost. This result is also contained in the first order necessary condition for the 

problem of normalized profit maximization.  

Let's assume now that the real product price increases, 

1 0
p p

w w

   
   

   
. For the given 

technology and fixed factor of production, the active producer will adjust to the new change 

and produce more. This will lead to hiring more labour units. Just for an illustration, let's 

analyse new isoprofit line 

 

1
p

L y
w w

 
  
 

 (16) 

and look for technologically feasible profit maximizing quantity of production. The analysis 

brings us to the point of tangency between the real variable cost curve and the isoprofit line. 

By changing real product price, another tangents are obtained and the cost curve is enveloped 

with tangents. At the real product price 

0
p

w

 
 
 

the optimal output level is 
0y . The equation of 

a tangent on the real variable cost curve at 

0
p

w

 
 
 

 is 

0 0
p

L y
w w

   
    
   

or equivalently, the 

equation of a line passing through the point 0 0, ( )y L y    with the given slope 

0
p

w

 
 
 

is  
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0

0 0( ) ( )
p

L L y y y
w

 
   

 
. (17) 

At the real product price 

1
p

w

 
 
 

the optimal output level is 
1y . The equation of a tangent on the 

production curve at 

1
p

w

 
 
 

 is 

1 1
p

L y
w w

   
    
   

or equivalently, the equation of a line passing 

through the point 1 1, ( )y L y    with the given slope 

1
p

w

 
 
 

 is  

 

1

1 1( ) ( )
p

L L y y y
w

 
   

 
. (18) 

Since the graph of the convex real variable cost function is above its tangent, the following 

inequalities for the two output levels hold:

0

1 0 1 0( ) ( ) ( )
p

L y L y y y
w

 
   

 
 

and

1

0 1 0 1( ) ( ) ( )
p

L y L y y y
w

 
   

 
. From these two previous inequalities the important 

comparative statics result from the production theory follows, 

 . (19) 

It implies that an increase in the real product price increases the product supply of the profit 

maximizing firm for the given technology and fixed input.  

RECOVERING THE PRODUCTION FUNCTION AND THE REAL 
VARIABLE COST FUNCTION FROM THE NORMALIZED PROFIT 
FUNCTION 

In the previous section we analysed the short run profit maximization model from two 

perspectives. From the first perspective technology in the short run was described by the 

short run production function and the real wage was given. The goal was to find the profit 

maximizing level of labour in the short run. From the second perspective the short run 

technology was described by the real variable cost function and the real product price, 

expressed in the units of labour, was given. The goal was to find the profit maximizing output 

level in the short run. In this section our goal is to recover the production function in description 

of the firm’s technology by starting from the derived profit function. Also, to this kind of 

analysis we also add recovering the real variable cost function from the derived profit function. 

In the primal problem, when the real wage was 

0

w

p

 
 
 

 the profit maximizing producer chose 

0L  and achieved maximum normalized profit expressed by the function 







0

0

p

w
 . When the 

real wage changes, the producer can react in two ways. He can continue employing the same 

level of labour or can adjust to new market changes. In the first case we say that the producer 

is passive and his behaviour can be described geometrically with the line 
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00 ),( L
p

w
KLf

p



 in the space where the real wage is on the horizontal axis and the profit 

is on the vertical axis. The intercept of the line on the vertical axis is 00 ),( yKLf  . In the 

second case we say that the producer is active and compared to the passive producer he will 

hire profit maximizing level of labour at every real wage and accomplish higher profit. 

Therefore, the graph of the maximum normalized profit function of the active producer is 

above the graph of the normalized profit function of the passive producer, which is the line 

and which is the tangent of the first graph. This is why the normalized profit function is 

convex in real wage. Furthermore, from the relationship between the profit of the active 

producer which is represtented by the function ),( K
p

w

p


, and the profit of the passive 

producer, represented by the line 00 ),( L
p

w
KLf

p



, the following inequality follows 

 oL
p

w
KLfK

p

w

p
 ),(),( 0

. (20) 

By changing places of the normalized profit function and the production function, we get 

 oL
p

w
K

p

w

p
KLf  ),(),( 0 

. (21) 

Since the level of labour 
0L  is optimal at real wage 

0

0

p

w
, the following holds 

 0

00

0 ,),( L
p

w
K

p

w

p
KLf 



































. (22) 

Therefore, the short run production function is the result of minimizing the sum of the 

normalized profit and the real variable cost, where the choice variable is the dual variable, 

real wage,  

 o

p

w
L

p

w
K

p

w

p
KLf  ),(min),( 0 

. (23) 

By differentiating the goal function in (22) with respect to real wage, the first order necessary 

condition is obtained 

 















p

w

K
p

w

p
L

),(
0



 (24) 

which has an important economic implication. It implies that the optimal labour quantity of 

the perfectly competitive, profit maximizing firm is obtained by simple differentiation of the 

normalized profit function with respect to the real wage and it is known in the literature as 

Hotelling’s lemma. 

It can be noticed that the solution to the primal optimization problem, in which the starting 

point was the short run production function and the normalized profit function was derived, is 
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0( )
p



w

p
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w

p

1( )
w

p

( , )
w

K
p p



0 0( , )
w

f L K L
p p


 

1( )
p



 

Figure 2. The profit function of the active and passive producer. 

equal to the marginal profit, 















p

w

K
p

w

p
L

),(
0



, and that the solution to the dual optimization 

problem, in which the starting point was the normalized profit function and the short run 

production function is derived, is equal to the marginal product of labour, 
L

KLf

p

w












 ),(
0

. 

Table 1. The symmetry of problem solving and the results of the models. 

The primal problem The dual problem 

L
p

w
KLfK

p

w

p L

00

),(max, 






























  
o

p

w
L

p

w
K

p

w

p
KLf  ),(min),( 0   

First order necessary conditions: First order necessary conditions: 

L

KLf

p

w












 ),(
0

 















p

w

K
p

w

p
L

),(
0



 

We conduct the same kind of analysis in recovering the short run variable cost function from 

the profit function. When the real product price was given, 

0
p

w

 
 
 

, the optimal level of 

production was 0y . Producing this level of production the firm realized the maximum 

normalized profit, expressed in the labour units, equal to 

0
p

w w

  
 
 

. If the real product price 

changes, the producer has two options. He can stay passive and produce the same output level 

or can adjust to new market changes. The behaviour of the passive producer can be described 

geometrically with the line 
0 0( )

p
y L y

w
    in the space where the real product price, 

expressed in the labour units, is on the horizontal axis and the normalized profit on the 

vertical axis. If the producer is active on the other hand, he will produce profit maximizing 

output level at every real product price and realize higher profit. By comparing the graph of 

the maximum normalized profit function of the active producer and the graph of the 
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normalized profit function of the passive producer, which is the line, it can be concluded that 

the first graph is above its tangent, which means that the normalized profit function is convex 

in real product price. Since the maximum profit is always higher than the profit reached by 

producing the given output level, the following inequality holds 

 0 0( , ) ( )
p p

K y L y
w w w


  . (25) 

By changing places of the normalized profit function and the real variable cost function, the 

following inequality follows: 

 0 0( ) ( , )
p p

L y y K
w w w


  . (26) 

For the output level 
0y , which is optimal at real product price 

0
p

w

 
 
 

, it follows 

 

0 0

0 0( ) ,
p p

L y y K
w w w

     
      
     

. (27) 

Therefore, the real variable cost function is the result of the model of maximizing the 

difference between the real revenue and normalized profit, all expressed in the labour units, 

where the choice variable is the real product price,  

 
0 0( ) min ,

p

w

p p
L y y K

w w w

     
     

    
. (28) 

By differentiating the goal function with respect to the real product price the following result 

is obtained: 

 0

( , )
p

K
w wy

p

w





 

  
 

. (29) 

This result implies that the optimal output level of the perfectly competitive, profit 

maximizing firm is obtained by simple differentiation of the normalized profit function with 

respect to the real product price and it is known in the literature as Hotelling’s lemma.  

It can be noticed that the solution to the primal optimization problem, in which the starting 

point was the variable cost function and the normalized profit function was derived, is equal 

to the marginal profit, 0

( , )
p

K
w wy

p

w





 

  
 

, and that the solution to the dual optimization problem, 

in which the starting point was the normalized profit function and the real variable cost 

function is derived, is equal to the real marginal cost, 
( )p dL y

w dy
 . 

 

 

 



I. Vrankić and M.Krpan 

 

12 

Table 2. The symmetry of problem solving and the results of the models. 

The primal problem The dual problem 

0 0

, max ( )
y

p p
K y L y

w w w

     
     

     

 
0 0( ) min ,

p

w

p p
L y y K

w w w

     
     

    
 

First order necessary conditions: First order necessary conditions: 

0
( )p dL y

w dy

 
 

 
 0

( , )
p

K
w wy

p

w





 

  
 

 

EXAMPLE 

In illustration of duality between the short run profit, variable cost and production functions 

we start from the Cobb-Douglas production function 3

1

3

1

),( KLKLfy   in describing the 

firm’s technology. Let’s assume that the short run level of capital is 9 which brings us to the 

following short run production function 3

1

3),( LKLfy  .  

To derive the short run normalized profit function, the short run profit maximization problem 

has to be solved,  

 L
p

w
LK

p

w

p L
 3

1

3max)9,(


. (30) 

Since the choice variable in the above maximization model is the level of labour, by 

differentiating the goal function with respect to L, the first order necessary condition is 

obtained 2

3

3

2

/


 L
p

w
, from which the standard result from microeconomic theory follows 

that the firm will hire that level of labour for which the marginal product is equal to real 

wage. By solving the equation, we get the labour demand function 
2

3

),(













p

w
K

p

w
L . To 

obtain the supply function of a firm in the short run, we substitute the derived input demand 

function in the short run production function, 2

1

)(3),(
w

p
K

p

w
y  . Finally, substitution of the 

derived input demand function and the supply function in the goal function of the short run 

profit maximization model gives the short run normalized profit function, 
3 1

1 2 2
2( , ) 3( ) 2

w w w w w
K

p p p p p p


 

    
     

   
. 

An alternative approach in deriving the normalized profit function includes describing the 

technology with the cost function. The minimum amount of labour needed to produce a given 

output level is obtained by inverting the production function, 
27

)(
3y

yL  . In this alternative 
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primal problem the choice variable is the quantity of production and the short run profit 

maximization model is defined as  

 
27

max),(
3y

y
w

p
K

w

p

y
 . (31) 

By differentiating the goal function with respect to y, we get the standard result from the 

microeconomic theory that the perfectly competitive firm will supply the level of production 

for which the marginal cost is equal to the product price, 
9

2y

w

p
 , 

9

2wy
p  . By solving the 

equation, the supply function is obtained, which is the same function as the one obtained in 

the first approach, 2

1

)(3),(
w

p
K

w

p
y  . By inserting the supply function in the goal function of 

the short run profit maximization model, the profit function is obtained, this time expressed in 

the units of labour, 

1 1 3

2 2 2

( , ) 3 2 .
p p p p p p

K
w w w w w w w

      
       

     
 

In the dual problem we start from the derived short run normalized profit function and our 

goal is to recover the short run production function. According to (12), the dual optimization 

problem is L
p

w

p

w
KLf

p

w












2

1

2min),( . By differentiating the goal function with respect to 

the real wage, the first order necessary condition is obtained, 
3

2
2

3

0












 L

p

w
L

p

w
. By 

inserting the optimal real wage function in the goal function of the dual problem, the 

production function is obtained .3)(2),( 3

1

3

2

2

1

3

2

LLLLKLf 


 

Alternatively, we can start from the derived normalized short run profit function and recover 

the cost function. Following this path, the dual optimization problem is 

( ) max
p

w

p
L y y

w
 

3

2

2
p

w

 
 
 

. By differentiating the goal function with respect to the product 

price expressed in the units of labour, 
p

w
, the first order necessary condition is obtained, 

1

2

3
p

y
w

 
  

 
. Once more, the Hotelling’s lemma is confirmed, by which the supply function of 

a perfectly competitive firm is obtained by differentiating the profit function with respect to 

p

w
. The optimal product price expressed in the units of labour is equal to 

2

9

p y

w
  and the 

variable cost function expressed in the units of labour is recovered, 
3 3 32

.
9 27 27

y y y
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CONCLUSION 

In this article the relationship between the short run production function, variable cost 

function and the normalized profit function in a convex analysis framework is analysed. The 

goal was to deductively apply the results of convex analysis on the known short run profit 

maximization problem. In the primal optimization model the technology in the short run is 

represented by the short run production function and the normalized profit function, which 

expresses profit in the output units, is derived. In this approach the choice variable is the 

labour quantity. Alternatively, technology is represented by the real variable cost function, 

where costs are expressed in the labour units, and the normalized profit function is derived, 

this time expressing profit in the labour units. The choice variable in this approach is the 

quantity of production. The emphasis in these two perspectives of the primal approach is 

given to the first order necessary conditions of both models which are the consequence of 

enveloping the closed convex set describing technology with its tangents. The dual model 

includes starting from the normalized profit function and recovering the production function, 

and alternatively the real variable cost function. In the first perspective of the dual approach 

the choice variable is the real wage, and in the second it is the real product price expressed in 

the labour units. It is shown that the change of variables into parameters and parameters into 

variables leads to both optimization models which give the same system of labour demand and 

product supply functions and their inverses. By deductively applying the results of convex analysis 

the comparative statics results are derived describing the firm’s behaviour in the short run. 

Due to the basic behavioural assumption in economics about the optimization subject to 

constraints of economics agents and the important role of convex sets in characterizing 

economics laws, microeconomic phenomena have a unique structure, which was in this 

article analysed in a simple and intuitive way and can be applid to any microeconomic 

problem which can mathematically be represented as an optimization model. It was assumed 

that the starting production function is differentiable but the results can be generalized to the 

nondifferentiable case what we leave for the future research. 

Although the advantages of duality results are especially important from an empirical 

standpoint, one needs to be careful because the research reveals differences in estimates 

obtained by the primal and the dual function. 
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ABSTRACT 

The unemployment can be considered as one of the main economic problems. The aim of this article 

is to examine the differences in male and female unemployment rates in selected European countries 

and to predict their future trends by using different statistical forecasting models. Furthermore, the 

impact of adding a new data point on the selection of the most appropriate statistical forecasting 

model and on the overall forecasting errors values is also evaluated. Male and female unemployment 

rates are observed for twelve European countries in the period from 1991 to 2014. Four statistical 

forecasting models have been selected and applied and the most appropriate model is considered to be 

the one with the lowest overall forecasting errors values. The analysis has shown that in the period 

from 1991 to 2014 the decreasing trend of unemployment rates in the short-run is forecasted for more 

Eastern Balkan than the EU-28 countries. An additional data point for male and female 

unemployment rates in 2014 led to somewhat smaller forecasting errors in more than half of the 

observed countries. However, the additional data point does not necessarily improve forecasting 

performances of the used statistical forecasting models. 
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INTRODUCTION 

The aim of this article is to emphasize the differences between male and female 

unemployment rates and to forecast their future trends in selected European countries. 

Namely, two research questions arise. The first research question is if the decreasing trend of 

male and female unemployment rates expected to be more pronounced in the European 

Union member states or in the Eastern Balkan countries. The second research question is if 

adding a new data point result in smaller overall forecasting errors. 

Thus, male and female unemployment rates are examined for twelve European countries in 

the period from 1991 to 2014. Also, the analysed countries were divided into two groups: 

Austria, Croatia, Greece, Portugal, Slovenia and Spain were grouped in the EU-28 member 

states group, whereas Albania, Bosnia and Herzegovina, the Former Yugoslav Republic of 

Macedonia, Montenegro, Serbia and Turkey were classified as the Eastern Balkan countries. 

In the empirical analysis, the average unemployment rate concerning all the EU-28 member 

states was used as a benchmark for comparison of male and female unemployment rates. 

After a basic descriptive statistical analysis of male and female unemployment rates, 

forecasting methods and models were employed. The selection of the most appropriate 

forecasting method and the model was based on the smallest overall forecasting error criteria, 

more precisely: mean squared error (MSE), mean absolute deviation (MSD) and mean 

absolute percentage error (MAPE). 

The empirical analysis has shown that the linear trend model was the best forecasting model 

when forecasting male and female unemployment rates for a vast majority of countries in the 

sample. The forecasted unemployment rates from previous relevant research have been used 

in this article for comparison of forecasted and actual unemployment rates in the sampled 

countries in 2014. Furthermore, the impact of an additional real data point on the forecasting 

error was also examined. 

The reminder of this article is as follows. After the short introduction, the section two 

presents the literature review. The section three describes data and methods while the section 

four presents the results of the empirical analysis. Finally, the section five concludes. 

LITERATURE REVIEW 

The forecasts construction is an important element for developing macroeconomic activities 

and for economic analysis in general. However, the prediction should be followed by an 

evaluation of its accuracy. There is a rich empirical literature related to the prediction 

methods, but only a few studies are dedicated to the accuracy assessment and ways to 

improve it. Since in our study we aim to test the accuracy of conducted forecasts of female 

and male unemployment rates in selected European countries, this section provides a brief 

literature review related to forecasting accuracy assessment. 

In the recent article of [1], a valuation of alternative unemployment rate predictions for the 

Romanian economy is given and the best strategy to improve the forecasts accuracy is to 

combine forecasts of forecasters’ predictions. In their initial study [2] present the most 

suitable model for forecasting the unemployment rate in Malaysia and make comparisons in 

order to see how well the historical and forecasted data match and correlate. According to 

their analysis the Holt’s method is the most suitable model for forecasting quarterly 

unemployment rates in Malaysia. Furthermore, according to another study by [3], the 

evaluation and the improvement of forecasts accuracy generate growth in the quality of 

decisional process. Therefore, the Monte Carlo method is not used to simulate the forecasted 

unemployment rate in Romania, which proved to be the best way to increase the prediction 
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accuracy. In addition, [4] presented a research in which different forecasts for the 

unemployment rate in the USA are analysed by four diverse institutions. The multi-criteria 

ranking is applied and five significant measures of accuracy are simultaneously used. Even 

though the recommended strategies to improve the precision of forecasts did not solve the 

problem of biasness, it is concluded that the valuation and enhancement of forecasts accuracy 

have an essential impact on improving the quality of the decision making process. According 

to the research by [5], the key phase in forecasting is the selection of a prediction method 

with the maximum extent of precision. In that sense in their article they made short-term 

forecasts for macroeconomic variables such as the inflation rate, the unemployment rate and 

the interest rate for Romania using various techniques. With the aim of improving the 

accuracy of forecasts the authors combined two empirical approaches. Namely, they made a 

joined prediction and constructed the forecasts founded on historical indicators of accuracy. 

Accordingly, the highest degree of accuracy was found in the case of predictions constructed 

on the basis of the exponential smoothing technique. Furthermore, [6] applied quarterly data 

on unemployment rates in Nigeria. The study evaluated the forecasting performance of four 

competing models using various forecast accuracy criteria. Accordingly, the results have 

shown that the mixed ARIMA/ARCH model could be used to forecast unemployment rates in 

Nigeria in the short-run. In [7] authors emphasize the need for high-quality statistics for 

labour policy. Namely, their study is aimed at presenting the method used for repeatedly 

creating the estimation of monthly unemployment directly from the Labour Force Survey 

(LFS) results. Accordingly, the improved Holt’s model has shown to be the most appropriate 

for predicting the monthly unemployment rate in Romania. Finally, the recent study by [8] 

proposes the best forecasting model for unemployment rates for each gender in selected 

European countries using yearly official time series data. The study shows a cross-country 

comparison of the forecasting models efficiency for short-term forecasts for both genders. 

Accordingly, the linear trend forecasting model has shown to be the most accurate for some 

countries, while for other countries the double exponential smoothing forecasting appeared to 

be the most precise. 

Our study contributes to the existing empirical literature by using the most recent data set on 

male and female unemployment rates in selected European countries and by comparing the 

trend of male and female unemployment rates in the EU-28 member states and in the Eastern 

Balkan countries which has not been explored yet. Also, our study reveals whether adding a 

new data point results in smaller overall forecasting errors. 

DATA AND METHODS 

In order to collect the data for the analysis, the World Development Indicators database 

provided by [9] was used. For the purpose of this article only data for two variables were 

collected. The first variable is the male unemployment rate (% of male labour force, modelled 

ILO estimate) whereas the second one is the female unemployment rate (% of female labour 

force, modelled ILO estimate) [9]. Male unemployment rates are calculated by dividing the 

total number of males who are without work but available for and seeking employment with 

the total number of male labour force. Similarly, female unemployment rates are calculated 

by taking into account the total number of females who are without work but available for 

and seeking employment and the total number of female labour force. 

Male and female unemployment rates are going to be analysed for a certain number of 

European countries. Namely, in the Eastern Balkan countries, male and female 

unemployment rates are going to be compared to the corresponding unemployment rates in 

some of the EU-28 member states. The countries selected among the Eastern Balkan 
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countries include Albania, Bosnia and Herzegovina, the Former Yugoslav Republic of 

Macedonia, Montenegro, Serbia and Turkey. By selecting these countries the vast majority of 

Eastern Balkan countries were included in the analysis. On the other side, among the EU-28 

member states the following countries were selected: Austria, Croatia, Greece, Portugal, 

Slovenia and Spain. These countries were selected either because they have really low 

unemployment rates, i.e. Austria, or high unemployment rates with certain problems with 

unemployment, i.e. Greece, Portugal and Spain. Croatia and Slovenia can be considered as 

the Western Balkan countries but here they are placed in the group of the EU-28 member 

states. So, in the analysis, twelve European countries are observed. 

The male and female unemployment rates are observed for the selected European countries in 

the period from 1991 to 2014. Only yearly data were considered in the analysis. The data 

before 1991 were missing for some countries and because of that previous periods were not 

analysed. On the other hand, the newest data is available for 2014. Consequently, the period 

of 24 years is observed. 

Descriptive statistics methods were used to compare male and female unemployment rates 

among the observed European countries. Furthermore, male and female unemployment rates 

of all the EU-28 member states together were used as a benchmark to get a better insight into 

the position of unemployment in the observed countries. 

After descriptive statistical analyses, forecasting models were used to forecast male and 

female unemployment rates in the selected countries. It is assumed that unemployment rates 

are not stable and that they have some trend movements depending on the leading party in a 

country, economic crisis, investment cycle, and similar. Consequently, it is assumed that all 

observed time series of male and female unemployment rates have the trend component. 

Furthermore, this assumption will be checked by analysing line charts of actual values. Since 

yearly data are observed, the seasonal component cannot be identified. So, the following four 

statistical forecasting models were selected: trend polynomial of the first degree (linear trend) 

model, trend polynomial of the second degree (quadratic trend) model, exponential trend 

polynomial of the first degree (exponential trend) model and Holt’s two-parameter model of 

linear exponential smoothing (double exponential smoothing). 

The estimated linear trend model is given by the following expression: 

ntxF tt ,...,2,1,ˆˆ
10   ,     (1) 

,...3,2,1,ˆˆ
10     nn xF ,     (2) 

where tF  is the estimated (forecasted) value of the time series at time t, 0̂  is the estimated 

constant term, 1̂  is the estimated slope coefficient, tx  is the value of the time variable at 

time t, nF  is the estimated (forecasted) value of the time series at time n , nx  is the 

value of the time variable at time n , n  is the total number of values in the time series, 

and   is the time horizon (forecast horizon). The constant term and the slope coefficient are 

estimated by using the ordinary least squares (OLS) approach. The equation (1) is used to 

calculate forecasts for periods in which actual values are known whereas the equation (2) is 

used to calculate forecasts for periods in which actual values are unknown. 

The trend polynomial of the second degree model or quadratic trend is given by: 

ntxxF ttt ,...,2,1,ˆˆˆ 2

210   ,    (3) 

,...3,2,1,ˆˆˆ 2

210     nnn xxF ,   (4) 
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where tF  is the estimated (forecasted) value of the time series at time t, 0̂  is the estimated 

constant term, 1̂  and 2̂  are estimated coefficients, tx  is the value of the time unit variable 

at time t, 2

tx  is the squared value of the time variable at time t, nF  is the estimated 

(forecasted) value of the time series at time n , nx  is the value of the time variable at 

time n , n  is the total number of values in the time series, and   is the time horizon 

(forecast horizon). The parameters here are also estimated by the OLS approach and the 

difference between performing forecasts in periods where actual values are known equation 

(3)) and are not known (equation (4)) is presented also. 

In order to use the OLS approach, in the exponential trend polynomial of the first degree or 

exponential trend, first the model must be transformed using logarithms. The exponential 

model is given by: 

ntF tx

t ,...,2,1,ˆˆ
10   ,      (5) 

,...3,2,1,ˆˆ
10  

  


nx

nF ,     (6) 

where tF  is the estimated (forecasted) value of the time series at time t, 0̂  is the estimated 

constant term, 1̂  is the estimated slope coefficient, tx  is the value of the time variable at 

time t, nF  is the estimated (forecasted) value of the time series at time n , nx  is the 

value of the time variable at time n , n  is the total number of values in the time series, 

and   is the time horizon (forecast horizon). In order to calculate forecasts for periods in 

which actual values are known, the equation (5) is used, whereas the equation (6) is used to 

calculate forecasts when actual values are unknown. 

The last statistical forecasting model which is going to be used in the analysis is the Holt’s 

two-parameter model of linear exponential smoothing or double exponential smoothing. The 

double exponential smoothing is given by: 

ntTyF ttt ,...,2,1,10,10,ˆ
1   ,   (7) 

3,2,1,ˆ   nnn TyF ,      (8) 

where 1tF  is the forecast at time t+1, tŷ  is the estimated value of the time series at time t 

and is calculated as   11
ˆ1ˆ

  tttt Tyyy  , tT  is the estimated value of the trend at time 

t and is calculated as     11 1ˆˆ
  tttt TyyT  ,   is the level smoothing constant,   is 

the trend smoothing constant, ty  is the value of the time series at time t, n  is the total 

number of values in the time series, nF  is the forecast at time n , nŷ  is the estimated 

value of the time series at time n, nT  is the estimated value of the trend at time n, and   is the 

time horizon (forecast horizon). Equations (7) and (8) are used to calculate forecasts in 

periods in which actual values are known and in which actual values are not known, 

respectively.  

The four statistical forecasting models are used to calculate forecasts for male and female 

unemployment rates at each of the observed countries. The selection of the best forecasting 

model was conducted by looking at overall forecasting error values. The analysis took into 

consideration mean absolute percentage error (MAPE), mean absolute deviation (MAD) and 

mean squared error (MSE). These overall forecasting errors are calculated as follows: 
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where MAPE  is the mean absolute percentage error, ty  is the value of the time series at time 

t, tF  is the forecast at time t, T  is the number of pairs of actual values and forecasts, MAD  

is the mean absolute deviation, MSE  is the mean squared error. According to equations (9-

11), it can be concluded that each of the observed overall forecasting errors has certain 

unique properties and characteristics in comparison to the others. Consequently, it is possible 

that according to one overall forecasting error, one forecasting model is better than the other 

one because it has a lower value of that overall forecasting error. However, it could happen 

that according to another forecasting error the second forecasting model is better than the first 

one. In that case, a forecasting model which has more overall forecasting errors with lower 

values is considered to be the best one and it is chosen for further analysis. 

According to the selected forecasting models, further trends in male and female 

unemployment rates are forecasted in the observed European countries. It has been decided 

that the two-period forecast horizon is going to be analysed. In other words, only two periods 

after the period for which the last actual value exists will be forecasted. Forecasting in the 

long-run is not recommended because many factors which can have an impact on 

unemployment can change in the long-run. Consequently, the forecasting errors tend to be 

very high in the long-run. Thus only short-run forecasts are performed. However, forecasting 

in the short-run can also provide misleading forecasts. In order to illustrate that and to 

emphasize that researchers should be careful about their conclusion when forecasting in the 

short-run, the recent research by [8] has been used with the aim of comparing the results with 

actual values and with results gained in this article. 

ANALYSIS OF MALE AND FEMALE UNEMPLOYMENT RATES 

DESCRIPTIVE STATISTICS ANALYSIS OF MALE AND FEMALE 
UNEMPLOYMENT RATES 

In this article male and female unemployment rates of twelve selected European countries are 

observed. In this chapter, first male and then female unemployment rates are examined. At 

the end of this section, the differences between male and female unemployment rates are 

studied. 
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Figure 1. Male unemployment rates in selected Eastern Balkan countries, in the period from 

1991 to 2014, in % [9]. 

In Figure 1 male unemployment rates in the selected Eastern Balkan countries in the period 

from 1991 to 2014 are presented. In order to make comparisons and to get an insight into 

whether male unemployment rates are low or high, the average male unemployment rate for 

the whole EU-28 area is used as a benchmark in Figure 1. It can be concluded that almost all 

the observed Eastern Balkan countries, except Turkey, have higher male unemployment rates 

than the EU-28 countries in the whole observed period. Only male unemployment rates in 

Turkey are close to the (average) EU-28 levels. The worst situation is in the Former Yugoslav 

Republic of Macedonia. In the whole observed period, the male unemployment rate in the 

Former Yugoslav Republic of Macedonia was not lower than 27,7 % which was achieved in 

2014. After the Former Yugoslav Republic of Macedonia the next country with very high 

male unemployment rates is Bosnia and Herzegovina. Considering male unemployment rates, 

the best situation in Bosnia and Herzegovina was in 1991 (21,6 %) and in 2008 (21,8 %). The 

other three Eastern Balkan countries, Albania, Montenegro and Serbia, had male 

unemployment rates between 10 % and 20 % in the analysed period. 

Figure 2 presents male unemployment rates for the selected six EU-28 member states in the 

period from 1991 to 2014. Again, the average male unemployment rate for EU-28 is included 

in Figure 2, in the same way as in Figure 1. 
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Figure 2. Male unemployment rates in the selected EU-28 member states in the period from 

1991 to 2014, in % [9]. 

By far the best country with the lowest male unemployment rates in the observed periods is 

Austria. Namely, Austria did not have the lowest male unemployment rates in each observed 

period but it had male unemployment rates undoubtedly lower than the EU-28 benchmark. 

After Austria, Slovenia seems to have the lowest male unemployment rates. However, male 

unemployment rates are much closer to the EU-28 benchmark values. The male 

unemployment rates in other four countries had a strong increase from 2007 or 2008. That 

increase stopped in 2014. It is obvious that these Croatia, Greece, Portugal and Spain are 

above the EU-28 benchmark, especially since 2008. According to the recent male 

unemployment rates, Spain and Greece seem to have the same male unemployment rate 

levels whereas Croatia and Portugal also have similar male unemployment rate levels. 

The most recent analysed year was 2014. According to Figure 3, in 2014 the Former 

Yugoslav Republic of Macedonia and Bosnia and Herzegovina had the highest male 

unemployment rates, both with the value above 25 %. These Eastern Balkan countries are 

followed by two EU-28 member states – Spain and Greece. Both countries had male 

unemployment rates above 20 %. The next five countries, Serbia (19,4 %), Montenegro 

(18,3 %), Albania (16,9 %), Croatia (16,8 %) and Portugal (14.1 %) had male unemployment 

rates around 5,3 %. Figure 3 reveals that 9 countries had their male unemployment rates 

above the EU-28 benchmark whereas only 3 countries had male unemployment rates under 

the benchmark value of 10.1 %. Out of these three countries two of them, Slovenia (9,0 %) 

and Austria (4,9 %), are the EU-28 member states. Turkey (8,6 %) is the only Eastern Balkan 

country with its male unemployment rate lower than the EU-28 benchmark. 
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Figure 3. Male unemployment rates in the selected European countries in 2014, in % [9]. 

Figure 4 shows female unemployment rates in selected Eastern Balkan countries in the period 

from 1991 to 2014. The conclusions are almost the same as in the case of male 

unemployment rates in the selected Eastern Balkan countries in the same period. The Former 

Yugoslav Republic of Macedonia and Bosnia and Herzegovina have the highest female 

unemployment rates in the analysed period. On the other side, Turkey has the lowest female 

unemployment rates in the same period in comparison to the other selected Eastern Balkan 

countries. The female unemployment rates in Turkey tend to be very close to the average 

female unemployment rates in the EU-28. It has to be emphasized that Montenegro seems to 

have a very low variability level of female unemployment rates in comparison to the other 

countries whose variability levels are much higher. 

According to Figure 5, Austria has the lowest female unemployment rates in comparison to 

the other observed EU-28 member states. Slovenia is found to be under the EU-28 

benchmark values as well. However, the values of female unemployment rates of the 

observed EU-28 countries, except Austria, have shown a strong increase in values since 2008. 

Consequently, Slovenia came very close to the average EU-28 level. The female 

unemployment rates in Greece were almost at the EU-28 level but since 2008 the difference 

has been becoming greater and greater. Consequently, Greece has become the EU-28 member 

state with the highest female unemployment rate in the most recent period (2014). 

Considering female unemployment rates in recent years, Spain is very close to Greece. 

Croatia and Portugal also tend to have similar female unemployment rates in the recent years. 
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Figure 4. Female unemployment rates in the selected Eastern Balkan countries in the period 

from 1991 to 2014, in % [9]. 

Figure 5. Female unemployment rates in the selected EU-28 member states in the period 

from 1991 to 2014, in % [9]. 
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Figure 6. Female unemployment rates in the selected European countries in 2014, in % [8]. 

Figure 6 shows female unemployment rates for selected European countries in the year 2014. 

Surprisingly, Figure 6 reveals that Greece (31,4 %) had the highest female unemployment 

rate among all the observed European countries in 2014. However, Bosnia and Herzegovina 

and the Former Yugoslav Republic of Macedonia with female unemployment rates of 29,8 % 

and 28.1 %, respectively, are following Greece closely. Spain (26,0 %) and Serbia (25,9 %) 

had almost the same female unemployment rates in 2014. Croatia having the female 

unemployment rate of 16,6 % follows after Montenegro with the female unemployment rate 

of 20,1 %. Albania (14,8 %) had a slightly higher female unemployment rate than Portugal 

(14,4 %) in 2014. Turkey with the female unemployment rate of 10,7 % is slightly above the 

EU-28 benchmark level (10,4 %). The only two countries which had female unemployment 

rates in 2014 below the EU-28 benchmark level are Slovenia (10,0 %) and Austria (5,0 %). 

Figure 7. Absolute differences between female and male unemployment rates in the selected 

European countries in 2014, in % [9]. 

The absolute differences between female and male unemployment rates in 2014 are 

calculated and presented in Figure 7. It has to be emphasized that the differences were 

calculated by subtracting female and male unemployment rates for each observed European 

country and the differences are given in percentages. 
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Figure 7 shows that the highest difference between female and male unemployment rates in 

2014 was in Greece. Namely, in Greece the female unemployment rate was 8,8 %, which is 

higher than the male unemployment rate in 2014. In Serbia, the female unemployment rate 

was 6,5 % higher than the male unemployment rate in 2014. Serbia is following countries 

with moderately high female unemployment rates: Bosnia and Herzegovina (3,1 %), Spain 

(2,3 %), Turkey (2,1 %), Montenegro (1,8 %) and Slovenia (1,0 %). The Former Yugoslav 

Republic of Macedonia (0,4 %), Portugal (0,3 %) and Austria (0,1 %) had slightly higher 

female unemployment rates than male unemployment rates in 2014. If all the EU-28 member 

states are taken into account, it can be concluded that the female unemployment rate in the 

EU-28 member states was 0,3 % higher than the male unemployment rate in 2014. Only in 

Croatia and Albania the male unemployment rate was higher than the female unemployment 

rate in 2014. So, in Croatia the male unemployment rate was 0.2 % higher than the female 

unemployment rate whereas the difference in Albania was 2,1 % in favour of the higher male 

unemployment rate. 

FORECASTING MALE AND FEMALE UNEMPLOYMENT RATES 

In further analysis male and female unemployment rates in twelve observed European 

countries are forecasted by using four selected statistical trend forecasting models. In order to 

select the most precise and the best forecasting statistical model the overall forecasting error 

approach is used. The forecasting models with the smallest MAPE, MAD and MSE are 

chosen. However, in some cases there was no forecasting model which was the best 

according to all the three overall forecasting errors. In that case, a model which was the best 

at least for two overall forecasting errors was chosen. The selected forecasting models for 

male unemployment rates based on data for the period 1991-2014 are shown in Table 1 

whereas the selected forecasting models for female unemployment rates are shown in Table 

2. 

Table 1. Forecasting male unemployment rates: Selected statistical forecasting models for 12 

European countries with overall forecasting errors, based on data for the period 1991-2014. 

Country Forecasting model 
Equation / Smoothing 

constants 

Overall forecasting errors 

MAPE MAD MSE 

Albania Quadratic trend Ft=13,43 – 0,1 ∙ t+0,008 ∙ t
2
 9,88 1,35 3,31 

Austria Linear trend Ft=3,30+0,06 ∙ t 8,51 0,34 0,16 

Bosnia and 

Herzegovina 
Linear trend Ft=23,47+0,12 ∙ t 4,71 1,16 2,65 

Croatia Double exponential smoothing α=1,1611; β=0,0641 12.22 1,47 4,78 

Greece Double exponential smoothing α=0,0474; β=59,6001 10,40 0,81 1,35 

Macedonia, 

FYR 
Double exponential smoothing α=1.2187; β=0,0078 4.29 1,39 3,56 

Montenegro Exponential trend Ft=19,60 ∙ (0,9973
t
) 4,93 0,93 1.28 

Portugal Double exponential smoothing α=1,3484; β=0,0965 14,94 0,92 1,39 

Serbia Quadratic trend Ft=13,78 – 0,35 ∙ t+0,026 ∙ t
2 

12.28 1,80 5.28 

Slovenia Double exponential smoothing α=0,9970; β=0,0100 15,81 1,08 2,74 

Spain Double exponential smoothing α=1,6284; β=0,0781 14,88 1,94 5,14 

Turkey Double exponential smoothing α=1.2189; β=0,0372 8,70 0,83 1,55 

According to results from Table 1, the linear trend and the quadratic trend were the best 

forecasting models for forecasting male unemployment rates in two countries, the exponential 

trend in just one country, and the double exponential smoothing was the best forecasting 

model for forecasting male unemployment rates in seven countries. In case of forecasting 

female unemployment rates only two forecasting models seem to be the best choice. So, 

according to the results from Table 2, the quadratic trend was the best forecasting model for 

forecasting female unemployment rates in five countries whereas the double exponential 
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smoothing was the best forecasting models for forecasting female unemployment rates in 

seven countries. 

Table 2. Forecasting female unemployment rates: Selected statistical forecasting models for 

12 European countries with overall forecasting errors, based on data for the period 1991-

2014. 

Country Forecasting model 
Equation / Smoothing 

constants 

Overall forecasting errors 

MAPE MAD MSE 

Albania Quadratic trend Ft=20,38 – 0,32 ∙ t+0,001 ∙ t
2
 14,98 2,48 11,42 

Austria Double exponential smoothing α=0,9699; β=0,0100 8,04 0,35 0.21 

Bosnia and 

Herzegovina 
Quadratic trend Ft=26,02+0,43 ∙ t–0,012 ∙ t

2
 5.27 1,55 4,45 

Croatia Double exponential smoothing α=1.2606; β=0,0698 7,98 1,17 3,00 

Greece Double exponential smoothing α=1,5745; β=0,1229 9,42 1,52 3.23 

Macedonia, 

FYR 
Quadratic trend Ft=28,57+1.26 ∙ t–0,053 ∙ t

2
 3,92 1,34 3,11 

Montenegro Quadratic trend Ft=20,80+0,09 ∙ t–0,006 ∙ t
2
 2,86 0,58 0,62 

Portugal Double exponential smoothing α=1,5546; β=0,0873 11.20 0,90 1,52 

Serbia Quadratic trend Ft=18,87–0,51 ∙ t+0,036 ∙ t
2
 12,51 2,48 10,09 

Slovenia Double exponential smoothing α=1.2896; β=0,0702 9,73 0,69 0,77 

Spain Double exponential smoothing α=1,0519; β=0,5419 9,12 1,78 4,95 

Turkey Double exponential smoothing α=0,9924; β=0,0442 11,31 0,98 1,40 

Table 3. Forecasted male unemployment rates in 12 European countries in 2015 and 2016 

(time horizon τ=2). 

Country 
Actual values Forecasted values Recent forecast 

tendency 2013 2014 2015 2016 

Albania 17,6 16,9 15,34 15,61 Increase 

Austria 4,9 4,9 4,75 4,81 Increase 

Bosnia and Herzegovina 26,3 26,7 26,47 26,59 Increase 

Croatia 17,7 16,8 16,98 17,43 Increase 

Greece 24,3 22,6 15,99 8.26 Decrease 

Macedonia, FYR 29,0 27,7 27.29 27,00 Decrease 

Montenegro 18,7 18,3 18,34 18.29 Decrease 

Portugal 16,4 14,1 13,61 14,15 Increase 

Serbia 19.2 19,4 21,39 22,37 Increase 

Slovenia 9,4 9,0 9,05 9,10 Increase 

Spain 25,8 23,7 22,93 23,65 Increase 

Turkey 8,0 8,6 8,66 8,54 Decrease 

It has to be emphasized that overall forecasting errors are not directly comparable neither 

among different countries, nor male and female unemployment rates overall errors in a 

country because different forecasting models and/or different parameters in forecasting 

models were used. Thus, trends in male and female unemployment rates in the observed 

European countries are analysed. The last actual male and female unemployment rates are 

officially available for 2014. Because of that, forecasts for 2015 and 2016, developed using 

the models from Table 1 and Table 2 and the forecast time horizon τ=2, are observed to 

determine the short-run tendencies in male and female unemployment rates. It has been 

decided to forecast only two periods in the future because unemployment rates are influenced 

by different factors. In Table 3, the forecasts and determined trends in male unemployment 

rates are shown, whereas in Table 4, the forecasts and determined trends in female 

unemployment rates are presented. 

Unfortunately, the results from Table 3 and Table 4 are not as positive as one might expect  

because Gross Domestic Product per capita is rising on the World level since 2010 [10]. 

Namely, only in four countries (Greece, the Former Yugoslav Republic of Macedonia, 
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Montenegro and Turkey) there is a decrease of male unemployment rates. So, according to 

Table 3, only in four countries the decrease in male unemployment rates is expected. It is 

interesting that out of these four countries, three are the Eastern Balkan countries whereas 

just one is the EU-28 member state. The results from Table 4 show that the female 

unemployment rate decrease is forecasted in only four countries. All countries in which a 

decrease of the female unemployment rate is expected are the Eastern Balkan countries 

(Albania, Bosnia and Herzegovina, the Former Yugoslav Republic of Macedonia, 

Montenegro and Turkey). The only two countries in which a decrease in both, male and 

female, unemployment rates is forecasted are the Former Yugoslav Republic of Macedonia 

and Montenegro. Consequently, it is expected that in these two countries the overall 

unemployment rate will also decrease in the future periods. 

Table 4. Forecasted female unemployment rates in 12 European countries in 2015 and 2016 

(time horizon τ=2). 

Country 
Actual values Forecasted values Recent forecast 

tendency 2013 2014 2015 2016 

Albania 13,8 14,8 13,06 12,80 Decrease 

Austria 4,9 5,0 5,03 5,07 Increase 

Bosnia and Herzegovina 29.2 29,8 29,34 29,17 Decrease 

Croatia 16,9 16,6 16,75 17,10 Increase 

Greece 31,3 31,4 31,98 33,43 Increase 

Macedonia, FYR 29,0 28,1 26,80 25,34 Decrease 

Montenegro 20,5 20,1 19,49 19.29 Decrease 

Portugal 16,6 14,4 13,40 13,76 Increase 

Serbia 25,9 25,9 28,83 30,17 Increase 

Slovenia 11.2 10,0 9,64 9,85 Increase 

Spain 27,0 26,0 26,16 26,48 Increase 

Turkey 10,4 10,7 10,77 10,84 Increase 

DISCUSSION AND COMPARISONS OF MALE AND FEMALE UNEMPLOYMENT 
RATES 

As it was mentioned earlier, forecasting is easy to perform but it is hard to rely on forecasts. 

As a consequence, conducting forecasts in a long-run should be avoided because the future is 

very unpredictable, especially when economy is observed. Furthermore, often forecasts in the 

long-run do not have meaningful interpretation. Therefore, it is highly recommended to 

conduct only short-term forecasts. In this article only two periods in the future were 

forecasted. That was the minimal number of forecasts to determine future trends in male and 

female unemployment rates developments in the observed countries. It has to be emphasized 

that little or no care was given to the exact forecasts values. The reason for that is very 

simple. Namely, with a high reliability level  it can be concluded that the calculated point 

forecasts are going to be different from the real values in the future. In other words, it can be 

concluded that no matter which statistical forecasting approach is used, there would always 

be a certain forecasting error. However, by using the most appropriate statistical forecasting 

model these forecasting errors in the future should be minimal. In order to select the most 

appropriate statistical forecasting model it is necessary that enough data points are available. 

If there are not enough data points available, the development of the observed variable cannot 

be described very well by any statistical forecasting model. Consequently very high values of 

overall forecasting errors are present. Of course, in case of a small number of available data 

points there is a danger of choosing the wrong statistical forecasting model which seems to be 

the best by observing only a small number of data points. However, the question is whether 

an additional data point necessarily leads to smaller overall forecasting errors or the impact of 

an additional data point can be neglected. 
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In this article male and female unemployment rates were forecasted for the observed 

European countries by using data from 1991 to 2014. Based on performed forecasts and 

calculated overall forecasting errors the best statistical forecasting models were chosen and 

presented in Table 1 and Table 2. In order to examine the impact of additional data points on 

the overall forecasting errors and the precision of the selected statistical forecasting models, 

additional forecasting was conducted. Again, male and female unemployment rates will be 

forecasted for the observed European countries but by using data from 1991 to 2013. So, in 

the process of forecasting, one data point less will be used in comparison to the previously 

conducted forecasting. In order to make overall forecasting errors comparable, forecasting is 

conducted only by using previously selected statistical forecasting models which had the 

smallest overall forecasting errors based on data from 1991 to 2014. After the overall 

forecasting errors were calculated based on data points from 1991 to 2013, their values have 

been compared to the overall forecasting errors values which have been calculated based on 

data points from 1991 to 2014. The differences between overall forecasting errors have been 

observed in an absolute and in a relative sense. In order to calculate absolute differences 

between overall forecasting errors, the simple subtraction of overall forecasting errors based 

on data points from 1991 to 2013 from overall forecasting errors values based on data points 

from 1991 to 2014 was conducted. The relative differences were calculated by using the 

following expression: 

,100
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where DIFF  is the relative difference between two overall forecasting errors, tOFE  is the 

overall forecasting error value based on data points from 1991 to 2014, 1tOFE  is the overall 

forecasting error value based on data points from 1991 to 2013. As overall forecasting errors 

in the analysis MAPE, MAD and MSE were used. The absolute and relative differences are 

shown in Table 5 for male unemployment rates and in Table 6 for female unemployment 

rates in the analysed European countries. 

Opposite to the expected, the results from Table 5 and Table 6 have shown that adding a new 

data point for 2014 does not necessarily lead to smaller overall forecasting errors. If the male 

unemployment rates forecasts are observed, it can be concluded that an additional data point 

resulted in smaller overall forecasting errors in 9 countries by using MAPE, in 7 countries by 

using MAD and in 7 countries by using MSE. So, for the majority of countries an additional 

data point led to smaller overall forecasting errors. The largest decrease in overall forecasting 

errors by adding a new data point is achieved in Slovenia. In case of Slovenia, the additional 

male unemployment rate data for 2014 resulted in the 28,12 % decrease of MAPE, in the 

21.24 % decrease of MAD and in the 30,15 % decrease in MSE. On the other side, in Portugal 

the additional male unemployment rate data for 2014 resulted in the 10,78 % increase of 

MAPE, in the 15,00 % increase of MAD and in the 38,06 % increase in MSE. In Albania and 

in the Former Yugoslav Republic of Macedonia adding an additional data point resulted in an 

increase of all the three observed forecasting errors, also. 

According to results from Table 6, if female unemployment rates forecasts are observed, it 

can be concluded that an additional data point resulted in smaller overall forecasting errors 

for 8 countries by using MAPE, in 7 countries by using MAD and in 7 countries by using 

MSE. So, again an additional data point resulted in lower overall forecasting errors in the 

majority of the observed European countries. However, the improvements of overall 

forecasting errors are much less expressed in the case of female unemployment rates than in 

the case of male unemployment rates. The best improvements of overall forecasting errors are 
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present in the case of Turkey. Namely, in Turkey, the additional female unemployment rate 

data for 2014 resulted in the 4,73 % decrease of MAPE, in the 4,76 % decrease of MAD and 

in the 7,12 % decrease in MSE. On the other side, in four European countries (Croatia, 

Greece, Slovenia, Spain) all the three observed overall forecasting errors increased because a 

new female unemployment rate from 2014 was included in the analysis. The largest increase 

of overall forecasting errors is present in Slovenia where MAPE increased by 9,50 %, MAD 

increased by 12,89 % and MSE increased by 21,56 %. 

Table 5. Differences in overall forecasting errors values when male unemployment rates in 

the period from 1991 to 2014 and in the period from 1991 to 2013 are compared in 12 

considered European countries. 

Country 
Forecasting 

model 

Overall forecasting error 

 

MAPE 

(difference) 

MAD 

(difference) 

MSE 

(difference) 

Absolute 
Relative 

(%) 
Absolute 

Relative 

(%) 
Absolute 

Relative 

(%) 

Albania Quadratic trend 0,14 1,39 0,02 1,43 0,07 2,04 

Austria Linear trend -0.20 -2,34 -0,01 -2,10 -0,00 -2,85 

Bosnia and 

Herzegovina 
Linear trend -0,16 -3.25 -0,04 -3.23 -0,11 -3,95 

Croatia 

Double 

exponential 

smoothing 

-0,11 -0,86 0,01 0,59 -0,08 -1,56 

Greece 

Double 

exponential 

smoothing 

-1,15 -9,97 -0,12 -12,39 0,00 0,18 

Macedonia, 

FYR 

Double 

exponential 

smoothing 

0,05 1,18 0,01 0,40 0.21 6.24 

Montenegro 
Exponential 

trend 
-0,19 -3,65 -0,04 -3,64 -0,06 -4,11 

Portugal 

Double 

exponential 

smoothing 

1,45 10,78 0,12 15,00 0,38 38,06 

Serbia Quadratic trend -0.22 -1,73 -0,02 -1.20 -0,16 -2,92 

Slovenia 

Double 

exponential 

smoothing 

-6,19 -28,12 -0.29 -21.24 -1,18 -30,15 

Spain 

Double 

exponential 

smoothing 

-0.29 -1,93 0,03 1,45 0,17 3,47 

Turkey 

Double 

exponential 

smoothing 

-0,18 -2,08 -0,02 -2,33 -0,10 -5,95 

The main reason why in some countries all the three overall forecasting errors have increased 

by adding a new data point could be in statistical forecasting model misspecification. In other 

words, it could happen that if data from 1991 to 2013 are observed, one statistical forecasting 

model is the most appropriate but if data from 1991 to 2014 are observed, another statistical 

forecasting model should be chosen because of lower overall forecasting errors. In order to 

take this fact into account, the list of selected statistical forecasting models from recent 

research by [8] was taken and presented in Table 7. 

In [8] the author also forecasted male and female unemployment rates, but by using data from 

1991 to 2013. Table 7 summarizes statistical forecasting models which appeared to be the 
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best to perform forecasts of male and female unemployment rates for the observed European 

countries according to [8] and according to the research presented in this article. According to 

Table 7, an additional data point of the male unemployment rate in 2014 led to a change of 

the best statistical forecasting model in the case of 5 countries (Albania, Montenegro, 

Portugal, Serbia, and Spain). Similarly, an additional data point of the female unemployment 

rate in 2014 led to a change of the most appropriate statistical forecasting model in 5 

countries also (Albania, Bosnia and Herzegovina, the Former Yugoslav Republic of 

Macedonia, Montenegro, Serbia). 

However, if these lists of countries are compared to the lists of countries in which all the 

three overall forecasting errors increased only one match can be found. Only when male 

Table 6. Differences in overall forecasting errors values when female unemployment rates in 

the period from 1991 to 2014 and in the period from 1991 to 2013 are compared in 12 

observed European countries. 

Country 
Forecasting 

model 

Overall forecasting error 

MAPE 

(difference) 

MAD 

(difference) 

MSE 

(difference) 

Absolute 
Relative, 

% 
Absolute 

Relative, 

% 
Absolute 

Relative, 

% 

Albania 
Quadratic 

trend 
–0,40 -2,62 -0,07 -2,66 -0,36 -3,03 

Austria 

Double 

exponential 

smoothing 

–0.28 -3,35 -0,01 -3.27 -0,01 -4.22 

Bosnia and 

Herzegovina 

Quadratic 

trend 
–0,18 -3.23 -0,05 -3.26 -0,19 -4,04 

Croatia 

Double 

exponential 

smoothing 

0,03 0,38 0,01 0,61 0,00 0,14 

Greece 

Double 

exponential 

smoothing 

0,06 0,62 0,00 0,31 0.26 8,87 

Macedonia, 

FYR 

Quadratic 

trend 
–0,17 –4,17 –0,06 –4,18 –0,13 –4,16 

Montenegr

o 

Quadratic 

trend 
–0,07 –2.27 –0,01 –2,34 –0,02 –2,41 

Portugal 

Double 

exponential 

smoothing 

–0,02 –0,15 0,07 8,48 0.21 15,94 

Serbia 
Quadratic 

trend 
–0,17 –1,33 –0,02 –0,76 –0.26 –2,54 

Slovenia 

Double 

exponential 

smoothing 

0,84 9,50 0,08 12,89 0,14 21,56 

Spain 

Double 

exponential 

smoothing 

0,01 0,14 0,04 2.27 0,18 3,67 

Turkey 

Double 

exponential 

smoothing 

–0,56 –4,73 –0,05 –4,76 –0,11 –7,12 
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unemployment rate forecasts for Albania is observed it can be concluded that an additional 

data point for 2014 resulted in an increase of all the three observed overall forecasting errors 

and resulted in the change of the most appropriate statistical forecasting method. Thus, it can 

be concluded that the increase of overall forecasting errors by including a new data point in 

the analysis does not have support in the misspecification and choosing the wrong statistical 

method. The reason for the increase of the overall forecasting error therefore should be in 

adding a new data point. It is possible that a new data point has a strong impact on the model 

parameters which lead to a different shape of the forecasted model. Consequently, the 

forecasting errors also change. 

Table 7. Comparison of the selected statistical forecasting model for forecasting male and 

female unemployment rates by using data from 1991 to 2013 (approach developed in [8]), and 

by using data from 1991 to 2014 (longer period approach) in the 12 observed European countries. 

Country 

Male unemployment rate 

– selected statistical forecasting 

models 

Female unemployment rate 

– selected statistical forecasting 

models 

1991 to 2013 

based forecasts 

1991 to 2014 

based forecasts 

1991 to 2013 

based forecasts 

1991 to 2014 

based forecasts 

Albania Linear trend Quadratic trend Linear trend Quadratic trend 

Austria Linear trend Linear trend 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Bosnia and 

Herzegovina 
Linear trend Linear trend Linear trend Quadratic trend 

Croatia 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Greece 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Macedonia, 

FYR 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Quadratic trend 

Montenegro Linear trend Exponential trend 

Double 

exponential 

smoothing 

Quadratic trend 

Portugal Quadratic trend 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Serbia 

Double 

exponential 

smoothing 

Quadratic trend 

Double 

exponential 

smoothing 

Quadratic trend 

Slovenia 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Spain Linear trend 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Turkey 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 

Double 

exponential 

smoothing 
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CONCLUSIONS 

In this article short-run forecasts of male and female unemployment rates for the selected 

group of European countries using historic time series data for 1991 to 2013 is performed, 

and to the unemployment rates in the group of the Eastern Balkan countries are compared.  

The accuracy of predictions by adding a new data point, for 2014, and by comparing our 

estimates with relevant research by [8], which was developed for the period from 1991 to 

2013 only, is evaluated. 

According to the empirical analysis and 1991 to 2014 based forecasts, the linear trend and the 

quadratic trend were the best forecasting models for forecasting male unemployment rates in 

only two observed countries, the exponential trend in only one country, and the double 

exponential smoothing was the best forecasting model for forecasting male unemployment 

rates in seven observed countries. In the case of forecasting female unemployment rates, only 

two forecasting models seem to be the best choice. Namely, the quadratic trend was the best 

forecasting model for forecasting female unemployment rates in five countries whereas the 

double exponential smoothing was the best forecasting model for unemployment rates in 

seven countries. Adding a new data point has a strong impact on the model parameters which 

may lead to a different shape of the best forecasting model and, as a result, to the changed 

forecasting errors. 

This research raised a number of questions that still have to be answered, offering a good 

basis for further research. Thus, future research might focus on the impact of a new data point 

on the forecasting model shape. In that way the exact change of trend values and forecasts as 

a consequence of adding new data points can be estimated. Furthermore, in order to select the 

best statistical forecasting model to perform forecasts the believability criteria instead of the 

smallest overall forecasting error criteria should also be taken into account. 
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ABSTRACT 

Research and development (R&D) is perceived as an important source for new innovation and 

innovation is the key driving force for economic development and competitiveness. This article deals 

with characteristics of research and development in the Czech and Slovak regions. Both states have 

common history, similar socio-economic conditions and similar problems. The aim of the article is to 

assess and compare the intensity and structure of R&D in the regions. It was confirmed that in both 

countries research activity is concentrated in the capital cities (Prague and the Bratislava Region) and 

the South Moravian Region. The expenditures on R&D reach 2 % of gross domestic product in the 

Czech Republic and 0,89 % in Slovakia, which is below the average of the EU countries. The 

intensity of R&D in this article is evaluated through the IR&D index and using the cluster analysis the 

regions are divided into three groups. The IR&D index confirmed higher intensity of R&D in the Czech 

regions. The evaluation of the R&D structure is based on Quadrant of research orientation and it is 

supplemented by the share of technical and natural sciences. The best prerequisites for innovations 

can be expected in regions with Pasteur-type and Edison-type research orientation. Our analysis 

showed that research activity is lower in Slovakia in general and this fact does not represent good 

conditions for Slovak competitiveness. 
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INTRODUCTION 

There is a growing consensus in professional and scientific literature that innovations are the 

key driving force for economic growth, living standard, international competitiveness and 

regional development [1]. Companies’ future growth and market success depend on their 

ability to make continuous innovations [2]. Maintaining a sustainable competitive advantage 

is influenced by the ability of firms to introduce innovations [3]. Research and development 

(R&D) is perceived as an important source for new innovation in enterprises [4-6]. In 

countries we consider to be the innovation leaders, we can observe a high level of 

expenditure on research and development [7]. The European Union (EU) aims to increase 

expenditure on R&D to 3 % of GDP [8]. The highest expenditure on R&D within the EU 

member states is to be found in Finland, Sweden, and Denmark. The importance of R&D and 

innovation has also been reflected in the cohesion policy, where it represents the first 

thematic objective for financing from the Structural Funds [9]. With respect to the source of 

financing, the expenditures on research and development are classified into public 

(government + universities), business, foreign and other (non-profit sector). Statistical offices 

in Europe monitor research characteristics, also by the field of science. From this point of 

view, natural sciences, engineering and technology, medical sciences, agricultural sciences, 

social sciences and humanities are observed [10]. It is generally accepted that especially the 

technical and natural sciences have significant impact on innovations. 

The role of R&D in development of innovation is also broadly discussed in scientific literature. 

In particular, we can mention the concept of national and regional innovation systems, which 

investigates individual elements of innovation systems and mutual relations among them. 

Protagonists of this concept analyse for instance R&D intensity or presence of research 

organizations and they give recommendations for research and innovation policy [11-13]. The 

more broadly oriented concept of national innovation capacity perceives R&D as one of the 

building blocks for innovation ability [14]. The scientific literature discusses the fact that due 

to market imperfections companies invest less capital in R&D. The main reason for this is the 

existence of market failures (non-appropriability, non-divisibility, information asymmetry, and 

uncertainty), which cause that the equilibrium level of resources allocated to R&D is lower 

than the socially optimal level [15-17]. Therefore, one of the aims of research and innovation 

policy is to alleviate these market failures and to enhance private investments in research, 

development, and innovation [18]. Additionally, the innovation systems concept emphasises 

the system failures that are related to institutions, coordination, and linkages [19]. Woolthius 

et al. [20] categorized them into infrastructure, institutional, interactive, and ability failures. 

We can draw a distinction between two types of research. The first of them is basic research 

which means theoretical or experimental work, whose purpose is to obtain new knowledge on 

fundamental phenomena that are not primarily aimed at practical use. The second type is 

applied research which means theoretical or experimental work aimed at obtaining new 

knowledge for development of new or improved products, processes or services. In other 

words, although the main purpose of both basic and applied research is to acquire new 

knowledge, the applied research is expected to be soon exploited in practice (market). In 

developed countries, the basic research represents a lower share of total R&D expenditures 

than the applied research [5]. Based on this typology we can distinguish four types of 

research orientation of countries or regions [21-23]: 

 Bohr-type is fundamental research, which might result in sizeable new-to-the-world 

discoveries. This research is not intended to be used in the form of innovations in short 
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time. It represents especially the basic research that needs further research and 

development. It can lead to radical innovation in long-term period, 

 Edison-type is research motivated by market needs and the pursuit of profits. It is 

represented by applied research, whose results have clear economic applications, 

 Pasteur-type is research driven by science, but with underlying considerations for its 

practical use. It represents a situation where basic as well as applied research are involved, 

 low research orientation means that the level of basic and applied research in region is not 

high. 

These four types of research orientation together create a quadrant model of research 

orientation (so-called Pasteur’s Quadrant). 

The aim of this article is twofold. The first objective is to assess and compare intensity of 

research and development in the Czech and Slovak regions. For this purpose we proposed our 

own methodology and subsequently the R&D index is calculated. The second objective of 

this article is to assess and compare the structure of research and development in the same 

regions. This evaluation is based on the Pasteur’s Quadrant. 

The article is structured as follows: Firstly, the research systems in both countries are briefly 

described. Then we explain the aim of the article and the methods that we have used. 

Afterwards, the results with respect to the intensity and structure of R&D are presented. The 

conclusion summarizes the main results. 

R&D SYSTEM IN THE CZECH REPUBLIC AND SLOVAKIA 

The Czech Republic (CR) and Slovakia constituted one national state called Czechoslovakia 

till 1992. Both countries have many common features and they have similar historical, social, 

cultural, and economic characteristics. Both countries cooperate intensively in economic, 

educational and research fields. 

The contemporary state of R&D in the Czech Republic and Slovakia is partly influenced by 

decades of central planned economics and things that occurred after the Velvet revolution in 

1989. Although some problems have been reduced (especially within the last 10 years when 

growing attention has been paid to research and innovation), some deficiencies persist. The 

impact of central planning is clearly visible in the case of united Germany, where it is 

possible to observe big differences between East and West Germany, in particular in relation 

to business expenditures on R&D [24]. The low level of basic and applied research and low 

degree of cooperation between them is analyzed by Blažek and Uhlíř [25]. Before 1989 a 

high share of applied research in Czechoslovakia was conducted in research centres of big 

companies owned by the state. These companies were privatised after 1989 and new owners 

closed their research centres. The main effort of these privatised companies was to survive, 

not to innovate. Furthermore, if the new owners came from abroad, they had better and 

modern technologies. That is the reason why most of corporate research centres were closed. 

Of course we can find several cases, when the foreign owner kept the research department, 

but they are only exceptional examples and this phenomenon occurred in traditional strong 

industries such as automotive industry, electronics, ICT and mechanical engineering. 

Independent research institutes dealing with applied research owned by the state were 

privatised too and they usually did not manage to adapt to new conditions and absence of 

public aid. A weak relationship between basic and applied research was caused by the 

situation at the Academy of Sciences and universities. The Academy of Sciences focuses on 

basic research and Czech and Slovak universities aimed particularly at education in the 

1990s. Nobody expected them to bring research results that would be useful for practical use. 
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Due to shared history they have a similar research supportive system. Important roles are 

played by the Ministries of Education, but the role of the Slovak Ministry is slightly more 

complex. Furthermore, a new Ministry of Science will be established in the Czech Republic 

in 2017. The CR has one supporting agency specialized in basic research (Czech Science 

Foundation GACR, founded in 1993) and another one specialized in applied research 

(Technology Agency TACR, founded in 2010). Both of them were established by the act on 

support of R&D, they are fully independent of the Ministry of Education and are financed 

directly from the state budget. In Slovakia, basic as well as applied research are supported by 

the Slovak Research and Development Agency SRDA (founded in 2005), which is financed 

through the Ministry of Education. Additionally, this Ministry has established the Scientific 

Grant Agency VEGA and internal Cultural and Educational Grant Agency KEGA. Both 

Ministries of Education play the role of the managing authorities of operational programmes 

that support R&D from the European Structural Funds. Furthermore, the Slovak Ministry has 

established the Research Agency which has the function of an intermediate body for the 

operational programme. Besides universities, the public basic research is conducted by 

Academies of Science in both countries. 

AIM AND METHODS 

The aim of our article is to assess and compare the intensity and structure of research and 

development in the Czech Republic and Slovakia. The evaluation is carried out at the level of 

NUTS 3 regions (14 regions in the CR and 8 regions in Slovakia). These regions represent 

self-governing territorial units, i.e., elements existing between national states and municipalities. 

In order to be able to compare the regions it is necessary to design appropriate indicators first. 

To be able to evaluate the intensity of R&D, it is necessary to choose indicators (variables) that 

are available and suitable for this purpose. Consequently, the values of selected variables have 

to be normalized, because they are expressed in various units. The normalization formula is: 

 , (1) 

where the sign of the centred value x – m represents an above-average or a below-average 

value of the i-th value of x; the normalized value says by how many standard deviations (σ) 

the value x is deflected above/below the average. If all indicators have the same weight, the 

normalized values have to be rescaled [26]: 

 . (2) 

The rescaled values of indicators can be used to calculate the R&D index (IR&D). This index 

is defined as: 

 



n

i

iR xI
1

D& , (3) 

where n represents the number of selected indicators. 

The rescaled values can be used for cluster analysis as well. Through this analysis we can 

group the regions into clusters based on their similarity. The non-hierarchical method of k-

means with Euclidean distance is used. 

The R&D structure in the Czech and Slovak regions is evaluated through another set of 

relevant indicators. We draw inspiration from the Pasteur’s Quadrant of research orientation 

(Figure 1). Individual regions are classified into four quadrants based on the degree of basic 

and applied research. We do not consider this evaluation to be sufficient, therefore we add 

one more indicator. 
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Figure 1. Quadrant model of research orientation [22, 23]. 

RESULTS 

Four indicators have been selected for the evaluation of intensity of R&D in the CR and 

Slovakia. These indicators represent the key aspects of R&D. The indicators are as follows: 

 EMP: the number of R&D personnel in full time equivalent (FTE) per 1000 employees in 

regional economy, 

 RDE: the total expenditure on R&D expressed as a share of regional GDP (%), 

 BES: the share of business expenditures in the total R&D expenditures (%), 

 BEE: the business R&D expenditures expressed as a share of regional GDP (%). 

The R&D index is calculated on the basis of EMP, RDE and BEI subindex. The BEI 

subindex is defined as a sum of rescaled and normalized values of BES and BEE. 

Three other indicators have been selected for the evaluation of R&D structure in the Czech 

and Slovak regions. The indicators are as follows: 

 BRE: the basic research expenditures expressed as a share of regional GDP (%), 

 AEE: the expenditures on applied research and development expressed as a share of 

regional GDP (%), 

 NST: the share of expenditures on natural sciences and engineering and technology in the 

total R&D expenditures (%). 

We used statistical data for 2014 published by the Czech Statistical Office [27, 28] and Statistical 

Office of Slovak Republic [29, 30]. These statistical surveys and definitions used fully comply 

with methodological principles of the OECD [10]. Table 1 shows the values of the indicators. 
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Table 1. R&D characteristics in the Czech and Slovak regions in 2014 [27-30]. 

Region 
EMP, 

no. 

RDE, 

% 

BES, 

% 

BEE, 

% 

BRE, 

% 

AEE, 

% 

NST, 

% 

Prague (CZ010) 36,03 2,86 37,15 1,06 1,26 1,60 75,12 

Central Bohemian (CZ020) 8,81 2,01 74,42 1,49 0,21 1,80 96,39 

South Bohemian (CZ031) 7,34 1,14 55,32 0,63 0,44 0,70 85,87 

Pilsen (CZ032) 11,39 2,15 56,56 1,21 0,35 1,80 89,26 

Karlovy Vary (CZ041) 1,12 0,18 93,98 0,17 0,01 0,18 99,20 

Usti (CZ042) 3,04 0,48 52,26 0,25 0,09 0,38 77,73 

Liberec (CZ051) 10,49 1,89 64,07 1,21 0,26 1,63 98,31 

Hradec Kralove (CZ052) 7,01 1,04 51,26 0,54 0,15 0,90 58,13 

Pardubice (CZ053) 10,47 1,61 72,05 1,16 0,27 1,34 94,57 

Vysocina (CZ063) 4,17 0,88 85,44 0,75 0,05 0,83 98,33 

South Moravian (CZ064) 21,60 3,66 47,39 1,73 1,15 2,51 81,60 

Olomouc (CZ071) 11,04 1,69 40,55 0,68 0,84 0,85 64,45 

Zlin (CZ072) 7,05 1,29 65,50 0,85 0,11 1,18 93,18 

Moravian-Silesian (CZ080) 7,80 1,26 58,24 0,73 0,46 0,80 91,22 

Bratislava (SK010) 26,10 1,48 31,73 0,47 0,68 0,62 65,11 

Trnava (SK021) 3,90 0,56 28,80 0,16 0,16 0,19 79,75 

Trencin (SK022) 4,12 0,78 59,88 0,46 0,08 0,66 97,89 

Nitra (SK023) 5,15 0,64 21,07 0,13 0,20 0,35 20,67 

Zilina (SK031) 4,30 0,93 33,83 0,32 0,16 0,49 70,77 

Banska Bystrica (SK032) 4,67 0,53 35,08 0,19 0,15 0,29 70,09 

Presov (SK041) 2,09 0,35 38,06 0,13 0,09 0,22 84,76 

Kosice (SK042) 7,67 0,75 16,81 0,13 0,41 0,13 60,24 

INTENSITY OF RESEARCH AND DEVELOPMENT 

Research and development can be characterized by highly qualified employees, both 

researches and other personnel. Their number in full time equivalent reflects the importance 

of R&D in the region. Figure 2 shows that the highest number of personnel is in Prague 

(CZ010). With a gap it is followed by the Bratislava (SK010) and South Moravian (CZ064) 

Regions. Fewer than 5 persons in R&D per 1000 employees were identified in 8 regions, the 

lowest numbers were observed in the Presov (SK041) and Karlovy Vary (CZ041) Regions. 

The total expenditures on R&D expressed as a share of GDP (in %) are commonly used for 

interregional comparisons. Expenditures on R&D are considered to be an important prerequisite 

for competitiveness increase; therefore, there is a natural requirement for their sufficient 

volume.  The South Moravian Region dominates considerably in the ranking of the Czech and 

Slovak regions. This is particularly caused by the support from the cohesion policy. This region 

is followed by Prague, the Pilsen and Central Bohemian Regions (their expenditures exceed 

2 % of GDP). The highest values within the Slovak regions were observed in the Bratislava 

(1,48 %) and Zilina (0,93 %) Regions. Figure 3 shows the positions of individual regions. 

As regards indicators expressing the share of business and public expenditures on R&D, they 

reflect the structure of research organizations and tradition of in the regions. If public research 

institutes and public universities are present in the region, the share of basic research as well 

as public resources is usually higher. The business expenditures on R&D represent the activity 

of the business sector. The results of this research can be often put to the market. Developed 
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Figure 2. The number of R&D personnel in full time equivalent (FTE) per 1000 employees 

in the Czech and Slovak regions (2014) [27-30]. 

 

Figure 3. The total expenditures on R&D expressed as a share (in %) of GDP in the Czech 

and Slovak regions (2014) [27-30]. 

European regions have usually a high share of these expenditures [31]. The share of business 

expenditures in the total R&D expenditures (BES indicator) can be influenced by the 

presence of public research. If there are no (or few) public universities and research institutes, 

it is apparent that the share of business expenditures has to be high. Furthermore, a high share 

of business expenditures (as % of total R&D expenditures) does not mean that the region has 

high business expenditures in absolute values. Therefore, we take into consideration the share 

of business expenditures in regional GDP (BEE indicator) as well. As we can see in Table 1, 

the values of both indicators (BEE and BES) are often different. For instance, the value of BES 

in Prague is only 37,15 %, but its BRE is 1,26 %. On the contrary, the value of BES in the 

Karlovy Vary Region is 93,98 %, but its BRE is only 0,17 %. High values of both indicators 

have been observed in the Central Bohemian, Pardubice, Liberec and Vysocina Regions. 

In accordance with the above mentioned methodology, the values of the selected indicators 

were normalized into dimensionless numbers and then rescaled to take values between zero 

and one (0 is the minimum value, 1 is the maximum value – Table 2). 
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Table 2. Normalized and rescaled values of R&D in the Czech and Slovak regions (2014) [27-30]. 

Region EMP RDE BEI 

 

Region EMP RDE BEI 

CZ010 1,00 0,77 0,52 CZ071 0,28 0,43 0,41 

CZ020 0,22 0,53 1,00 CZ072 0,17 0,32 0,69 

CZ031 0,18 0,28 0,52 CZ080 0,19 0,31 0,58 

CZ032 0,29 0,57 0,74 SK010 0,72 0,37 0,25 

CZ041 0,00 0,00 0,69 SK021 0,08 0,11 0,12 

CZ042 0,06 0,08 0,35 SK022 0,09 0,17 0,50 

CZ051 0,27 0,49 0,81 SK023 0,12 0,13 0,04 

CZ052 0,17 0,25 0,45 SK031 0,09 0,22 0,22 

CZ053 0,27 0,41 0,86 SK032 0,10 0,10 0,18 

CZ063 0,09 0,20 0,82 SK041 0,03 0,05 0,19 

CZ064 0,59 1,00 0,85 SK042 0,19 0,16 0,00 

On the basis of indicators’ values in Table 2 we can calculate the R&D index, whose maximum 

value can reach 3. Values of R&D index are presented in Table 3, the regions are arranged in 

accordance with their IR&D score. In the case of the Czech Republic, the highest value is reached 

by the South Moravian Region and Prague, the Usti Region has the worst position. In the case 

of Slovakia, the best results were attained in the Bratislava and Trencin Regions. The other 

regions have mutually similar scores; the worst score is reached by the Presov and Nitra Regions.  

Table 3. R&D index in the Czech and Slovak regions (2014). 
Region IR&D  Region IR&D  Region IR&D 

CZ064 2,44 CZ071 1,13 SK031 0,53 

CZ010 2,29 CZ063 1,11 CZ042 0,49 

CZ020 1,75 CZ080 1,08 SK032 0,38 

CZ032 1,60 CZ031 0,97 SK042 0,35 

CZ051 1,57 CZ052 0,87 SK021 0,31 

CZ053 1,54 SK022 0,75 SK023 0,29 

SK010 1,34 CZ041 0,69 SK041 0,26 

CZ072 1,18       

The rescaled values are suitable as input data for cluster analysis. When the method of k-means 

is used, the key step is to set the appropriate number of clusters. With respect to the number 

of regions, number of variables and number of indicators, the number of clusters is set to k = 3: 

 1
st 

cluster –  Capital city Prague, the South-Moravian, and Bratislava Regions, 

 2
nd

 cluster – the Central Bohemian, South-Bohemian, Pilsen, Karlovy Vary, Liberec, Hradec 

Kralove, Pardubice, Vysocina, Olomouc, Zlin, Moravian-Silesian and  Trencin Regions, 

 3
rd

 cluster – the Usti, Trnava, Nitra, Zilina, Banska Bystrica, Presov and Kosice Regions. 
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Figure 4. Intensity of R&D in the Czech and Slovak regions (2014). 

Based on the cluster analysis the regions are divided into three groups (Figure 4) by their 

mutual similarity. In general and briefly, they can be characterized in this way: 

 the 1
st
 cluster consists of regions with above-average intensity of R&D that have the highest 

values of EMP and RDE indicators, and a rather lower share of business expenditures, 

 the 2
nd

 cluster consists of regions with average intensity of  R&D. Twelve regions  are 

classified into this group, 11 of them is Czech, one is Slovak (the Trencin Region).  Most 

of them have above-average value of at least one indicator, mostly the BEI indicator, 

 the 3
rd

 cluster  consists of regions with below-average intensity of R&D. These regions 

have a low value of all indicators. 

Looking at the classification of regions into clusters, we can say that the Czech regions have 

a significant representation in the group of average regions (11 out of 14), whereas the Slovak 

regions are represented mainly in the group of below-average regions (6 out of 8). 

STRUCTURE OF RESEARCH AND DEVELOPMENT  

Besides the intensity of R&D, we assess the structure of R&D in the Czech and Slovak 

regions as well. As regards indicators expressing the level of expenditures on basic and 

applied research as well as expenditures on natural sciences and engineering and technology, 

they reflect the structure of research organizations and tradition of R&D in the regions. 

Evaluation of R&D structure is based on Quadrant model of research orientation (Figure 5). 

Besides the intensity of R&D, we assess the structure of R&D in the Czech and Slovak 

regions as well. The natural sciences and engineering and technology dominate in most of the 

regions; however, their proportion is differentiated. It depends on the tradition of other fields, 

in particular, e.g. agricultural sciences prevail in the Nitra Region. 

The graph axes (Figure 5) are intersected at the point of average values of the BRE indicator 

(0,34 % and the AEE indicator (0,88 %). At the same time they divide the regions into four 

quadrants in accordance with their research orientation. If the regional code is underlined and 

in bold, it means that it has above-average (79,66 %) value of the NST indicator. In the 

Pasteur-type quadrant we can find regions with above-average values of both BRE and AEE 

indicators. Their structure of R&D can be marked as favourable, because these regions have 
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Figure 5. Structure of R&D in the Czech and Slovak regions (2014). Regions with 

above-average share of NST indicator are underlined and highlighted in bold. Low research 

orientation – CZ041, CZ042, CZ063, SK021, SK022, SK023, SK031, SK032, SK041 [27-30]. 

the best prerequisites for creation of incremental and radical innovations. Furthermore, the 

South Moravian (CZ064) and Central Bohemian (CZ020) Regions have a high share of 

natural sciences and engineering and technology (NST). In the Edison-type quadrant there are 

regions with above-average values of AEE and below-average values of BRE. Situation in 

these regions is quite good too (particularly if they have a high share of NST as well). They 

have a lower potential for creation of radical innovation, but they can be successful in the 

area of incremental innovations. Both Pasteur-type and Edison-type of research orientation 

can bring practical results for the regional innovation system. In the Bohr-type quadrant we 

can find regions with above-average values of BRE and below-average values of AEE. The 

main task for these regions is to increase the intensity of applied research so that the research 

results are more exploitable in practice. The regions in the last quadrant have below-average 

values of both BRE and AEE indicators. For their future competitiveness it is necessary to 

increase their expenditures on R&D. It is apparent that these regions do not have potential for 

radical innovations, therefore they should strive to get to the Edison-type quadrant. Whereas 

most of the Czech Regions (10 out of 14) reach above-average values in at least one 

indicator, in Slovakia it is valid only for the Bratislava (SK010) and Kosice (SK042) 

Regions. The same can be said in the NST case, where the Czech Republic has 10 above-

average regions and Slovakia only three. It follows that the Slovak government should 

increase expenditures on R&D and at the same time it has to create favourable conditions in 

order to stimulate Slovak enterprises to invest in R&D. 
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CONCLUSION 

The article compares research intensity and structure in the regions of the Czech Republic 

and Slovakia. Both states have common history and similar socio-economic conditions. This 

provides a suitable basis for their mutual comparison. The expenditures on R&D in the Czech 

Republic (2 % of GDP, i.e., 294 EUR per capita) are higher than in Slovakia (0,89 % of GDP, 

i.e., 124 EUR per capita) [32]. 

As we assumed, it was confirmed that in both countries research activity is concentrated in 

the capital cities (Prague and the Bratislava Region) and the South Moravian Region. The 

absolutely highest expenditures on R&D were observed in the South Moravian Region. This 

is caused by the support from the Structural Funds in the framework of cohesion policy. By 

contrast, Prague and Bratislava have limited access to the Structural Funds, because they are 

in the group of more developed European regions. In comparison with the most developed 

European states, the research activity in the Czech Republic as well as in Slovakia is quite low. 

Our analysis pointed out the fact that research activity is lower in Slovakia than in the CR, 

which does not represent good conditions for Slovak competitiveness. In our opinion, the 

Slovak R&D supporting system is less arranged (clear). Slovakia has no institution specialized 

in support of applied research. In the Czech Republic the Technology Agency has been 

established for this purpose. It allows concentrating resources for applied research and paying 

more attention to cooperation between the research and the business spheres. On the other hand, 

the Czech research system also has a lot of weaknesses. The level of investments in R&D is not 

sufficient, the research environment is often changed by the government, the level of innovation 

cooperation is low and invested resources do not bring adequate economic effects yet. 

First of all, we evaluated the intensity of research and development. We selected four indicators 

that were subsequently transformed into the R&D index. The highest values of IR&D were 

observed in the South Moravian, Prague and Central Bohemian Regions. Based on the cluster 

analysis, the regions were divided into three groups based on their similarities. The 1
st
 cluster 

contains regions with a high intensity of research activity and it consists of two Czech and one 

Slovak regions. Regions in the 2
nd

 cluster have average total intensity of R&D, but they usually 

have at least one above-average indicator. The 3
rd
 cluster consists of Slovak regions predominantly.  

The structure of research and development was evaluated in accordance with the quadrant 

model of R&D orientation. The best prerequisites for radical and incremental innovations 

were identified in Prague and the South Moravian and Pilsen Regions. The main results of 

intensity and structure evaluation can be summarized through the matrix (Table 4). 

Table 4. Intensity and structure of R&D. 

Intensity of R&D 

Structure of R&D 

Pasteur- type Edison-type Bohr-type 
Low research 

orientation 

1
st
 cluster CZ010, CZ064 – SK010 – 

2
nd

 cluster CZ032 

CZ020, CZ051, 

CZ052, CZ053, 

CZ072 

CZ031, CZ071, 

CZ080 

CZ041, CZ063, 

SK021, SK022, 

SK023, SK031, 

SK032, SK041 

3
rd

 cluster – – SK042 CZ042 

We are aware of the fact that our research has limitations and presents challenges for future 

research at the same time. We have analysed data for a one-year period. In future we would like 

to make time series which will be more conclusive. The intensity and structure of R&D in both 

countries are influenced by history, tradition, and presence of big universities. The future research 

should also focus on the comparison of research activity and innovation performance of regions. 
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ABSTRACT 

Tourism is one of the most developing branches of service sectors. The paper deals with a key area of 

a Central-Eastern-European country (Hungary) from the European perspective, i.e. tourism. Tourism 

provides a remarkable ratio of GDP, thus its importance is inevitable. Tourism destination 

management (TDM in further text) organisations are local building stones of this important branch. 

These organisations received remarkable development funds in the previous budget period. The aim 

was to turn tourism into a competitive and innovative branch.  Quadruple helix model – approach to 

innovation systems provides the opportunity to include the fourth helix – the media-based civic 

society – into the innovation performance, thus its performance influences the efficacy of the given 

innovation system. The paper assumes that these TDM organisations, as media-based civil 

organisations, appear as enterprises that are responsible for touristic innovation performance. The 

research objective is to prove, or deny that these institutions are important workshops of innovation. A 

survey research was conducted. In the meantime, feedback was collected about the structure, 

comprehensiveness and the logical structure of the questionnaire. Cooperation characteristics, the 

correlations between the innovation performances, the factors generating innovation and the reason 

for innovation are presented. The results of the study can be used by the state-governed tourism 

management, the vocational organisations and the Hungarian Tourism Ltd. in the process of 

establishing the framework of calls, and operational models in order to make international 

comparisons (with other countries). 
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INTRODUCTION, AIM OF THE RESEARCH 

Innovation can be met in almost every field of life. The simplest interpretation of the term 

means the ability to adapt to changes and the openness to novelties. Communicating the 

increase of innovation performance is formulated on the highest levels. The initiative of 

“Innovative EU” formulates this objective, which is the foundation of the necessity of 

improving innovative communities together with the document Horizon2020. Accepting 

novelties and the need thereof is vital for the future of enterprises/organisations, therefore the 

development of the innovation abilities of key actors in tourism, i.e. the tourism destination 

management (TDM in further text) organisation is important for the future of the entire 

industry. The size of the organisation, its autonomous financial management and its 

structured legal form provide the opportunity to analyse these TDMs as SMEs. 

The availability of tourism development funds in the previous program period (2007-2013) 

laid the foundation for the creation of TDM organisations. Their structure, organisational 

form and parameters make them very different from each other. Thus the time has come to 

investigate these organisational forms on the basis of their innovation abilities and interpret 

their role from the point of view of increasing innovation and social wellbeing. TDM 

organisations and their framework system cannot be interpreted as only a Hungarian 

phenomenon, because there are Austrian and Italian examples as well. Thus, the research is 

the first step of further research as the results of the present paper provide the opportunity for 

the birth of future international research results. 

Researchers investigated Hungarian TDM organisation from the point of view of 

competitiveness [1]. Several domestic [2-5] and international [6-12] researches were 

conducted about the innovation performance of SMEs. Previous researches investigated the 

influence of different information sources on innovation performance. The survey was 

conducted in an international environment: France The Netherlands and Croatia were 

involved [13]. However, so far, there was no innovation research carried out about TDMs as 

SMEs. Subsequently no research analysis is available about the innovation performance of 

TDMs. 

The innovation research of TDM organisations all over Hungary was initiated 2016. The enquiry 

was carried out among registered TDM organisations (79 units in October 2016) and 13 

questionnaires were returned when this paper was written. The final aim is to prepare a 100 % 

survey. The questionnaire was based on a CIS (Community Innovation Survey) kind of base, but 

when the questionnaire was established, the framework and results of earlier research – conducted 

in the service sector [7-9, 14] were considered. The data in the survey are non-representative, 

but according to the intention of the researcher TDMs are represented from six geographical 

regions, with five different settlement sizes and characteristically both legal forms. 

The research objective was to prove, or deny that these institutions are important workshops 

of innovation. The cooperation characteristics, innovation performance and innovation-

generating factors of these institutions are presented. The following research targets were 

formulated: 

1.) presentation of the innovation performance of TDM organisations (no research was made 

yet) and analysing the correlation between the innovation performance and the basic 

organisational parameters. 

2.) comparison of innovation performances of researched TDMs. 

3.) measuring the cooperation system of researched TDMs and investigating their social 

innovation results. Investigating this correlation, 
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4.) listing the factors hindering TDMs (this is worth because of the establishment of the new 
criteria system of state-managed tourism), 

5.) research of future innovation plans of TDMs (interesting because of the new EU call 
framework system). 

In this article – after introducing the theoretical framework- the individual features of 

services and their innovation research is presented. Drafting the Hungarian tourism and TDM 

systems leads to the introduction of innovation systems. Research methodology and the 

results achieved so far provide the opportunity for lining up conclusions and further steps. 

With the measurement of innovation performance, knowledge is gained about the framework 

system (cooperation, social innovation potential, legal form) in which a Hungarian TDM can 

be innovative. This research could not be complete without seeing the factors hindering the TDM 

innovation. This article wishes to be the first in the TDM innovation research and at the same 

time it intends to prepare the possibility of a further evaluation work, as soon as the inquiry 

will be – nationwide – complete. The next step is the international comparative measurements. 

THEORETICAL FRAMEWORK 

Innovation became one of the most important sources of the national and regional economy 

in the past decades. Subsequently, the unveiling of innovation processes, the recognition of 

entities involved in renovation, as well as the research of relations and influencing factors is 

becoming more and more important. 

Innovation is, according to literature, the ability to do things in another way [15], a change 

which unveils new dimensions of performance [16], or an implemented creative idea [17]. 

Vecsényi (2003) conceives innovation as recognised and utilised business possibility [18]. 

Davila et al. (2006) are the opinion that enterprises cannot only grow by means of  

re-regulating processes in the enterprise and cost-reduction, but innovation is the most 

important tool of a higher growth [19]. Porter (1985) considers innovation to be a series of 

small development steps which provide the opportunity of a continuous competitive 

advantage [20]. On the basis of the notions above, it is clear that innovation can be an 

economic tool to increase profits and company value. 

In the eighties of the twentieth century, in the so called new economy, the knowledge and 

flexibility of organisational structures had a significant impact on the performance of 

organisations. In today’s innovation economy, innovation and intuition are the critical 

success factors [21]. 

The term innovation has become ever more widespread in disciplines other than economics, 

therefore it is often used in the interpretation of social, educational, environmental and social 

changes. Thus it became necessary to define the areas of renewal [22]. The major novelty of 

the 2005 edition is that that the activities of organisation development and marketing are 

enlisted among the innovation areas. This is the most accepted and used definition in Europe 

and its strength is that it can be interpreted for organisations other than economic ones. 

“Innovation is the introduction of new or largely improved products (goods or services), new 

marketing methods, or new organisational-structural models into business practice, 

workplace organisations, or external relations” [22]. This definition is considered to be the 

foundation on which the research is carried out. 

In order to measure innovation the OECD and EUROSTAT issued a joint sample 

questionnaire (Community Innovation Survey – CIS) which is regarded to be elementary 

among other non-EU countries. The terms used in the survey are based upon the notions of 
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the Oslo Manual (third edition), thus their interpretation is unique. The CIS is the only 

harmonised data-source of measuring innovation [23], which several authors use [24, 25]. 

The research was based on a CIS-kind of questionnaire which was amended by questions 

related to the cooperation of organisations and to social innovation. 

SERVICE INNOVATION 

The service sector provided the majority of workplaces requiring knowledge in the leading 

countries of the world over the past decade. Its economic importance is rising, its innovation 

is decisive. The usage of R+D results is more intense and the need, that decision-makers and 

stakeholders had proper information at their service, emerged. The aim is to make the innovation 

performance of the service sector measurable when describing its performance [2]. 

Measuring innovation and its scientific analysis in the service sector internationally began 

approximately twenty years ago Evangelista – Sirilli, Gallouj – Weinstein published results 

for scientific audiences, indicating the difficulty of differentiating between product and 

process in the service sector [6, 26]. The differentiation of the terms radical and incremental 

innovation another major feature. Another research of Evangelista – register the 

differentiation between product and process innovation as a result of query in Italy [6].  

The uniqueness of services require the rethinking of the measurement of the sectoral 

innovation performance. The uniqueness of the services are: It is unascertainable, 

inseparable, fluctuating, damageable [7]. 

The third edition of the Oslo Manual is already open to services and enabled the 

measurement method to investigate the innovation performance of services. However, there 

is a need for a national and branch-related adaptation: some researchers believe that 

organisation innovation area and the management innovation areas are the same [8]. 

Several researches were conducted along the above mentioned principles. 

Martinez-Ros-Orfila-Sintes investigated tourism, as a typical branch of services, and 

investigated the innovation activities of the hotel-industry [9]. Their research analysed the 

correlation between the types of innovation and certain hotel-characteristics (management, 

size of enterprise, geographical location). Further research [14] in the hotel industry shows 

that hotels aligned into a higher chain of hotels and lead by managers have a higher 

innovation performance. 

TOURISM AND TDM ORGANISATIONS IN HUNGARY 

There are several approaches to the definition of tourism. The one provided by Michalkó is 

worth mentioning because of its briefness: „Tourism is the change of environment of an 

individual accompanied by gaining experience through the usage of services.” [1]. Tourism 

plays a key role in Hungary and in global economy as well. The direct GDP share of tourism 

in Hungary amounts to 5,8 %. The number of foreign tourist increased by 18,2 % in the year 

2015, compared to the previous years. 

The TDM organisations gradually became the coordinators and organisers of this remarkable 

branch in Hungary in the EU program period 2007-2013. 

The gist of the activities of TDM organisations as the implementers of destination 

management is: „an activity keeping the interest of both the tourists and the hosts mind and 

serving them, because its mission is to: (i) provide tourists travel experience, (ii) provide the 

hosting community with economic, social  
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and environmental advantages; (iii) engulf the entire system of tourism, as it is able to create 

the renewed accord between touristic demand and offer; (iv) provide all basic tasks related to 

tourism management, because planning, development, marketing, professional training and 

administration are all activities which are mutually self-assuming for the sake of creating 

successful tourism.” [1; p.31.]. 

It is obvious from the above mentioned notions that tourism is one of the most important 

areas of services and TDMs are one of the most important bases of tourism. 

INNOVATION SYSTEMS 

According to the so-called triple helix model of Etzkowitz and Leydesdorff [27; pp.109-123] 

the closeness and intensity of the cooperation (state-enterprise-university in the original 

model) defines the way of the dynamics of a branch-related (this is true for the 

touristic-service branch as well). The key of development lies in reducing the factors which 

prevent interactions, therefore the elbowroom between various areas increases and this opens 

the way of sustainable development. 

Afterwards the existence of a fourth helix appeared [28]. In connection with that suggestions 

related to several factors, like work, risk capital, informal sector and civil society, were made. 

Carayannis and Campbell [29] developed the triple-helix model and created the quadruple-

helix model in which the media- and culture-based space and civil society appear as the 

fourth helix. Thus it is clear that the members of society and a community are linked to 

business, technology, service and science, therefore the civil and public spheres join the 

original correlation system. The appearance of the fourth helix means the existence of social 

innovation. Social innovation does not have a generally accepted definition because of it 

being new [30]. Publishing authors put the emphasis on new, or novel solution to social 

problems and on the development of social and community connections. 

Further consideration of the quadruple helix provided the birth of the fifth helix [31]. From this 

moment onwards the literature differentiates between the society and economic environment: 

the ecological aspect suggesting the unified approach with regard to the natural environment, 

social environment and economic development in a way that innovation must be used to 

achieve sustainable social and economic change also in case of different regional levels. 

Roblek et al. underline in their research that the main challenge in an innovative economy 

towards the transition to greener, cleaner and more equitable economic growth is to address 

innovation not only from an economic, but also from a social and environmental dimension [21]. 

Along the above mentioned theoretical framework system, TDM organisations as media-

based communities responsible for steering tourism and capable of innovation were 

investigated. Their innovation performance, factors generating innovation and cooperation 

systems, which can be the ground pillar for social innovation were also measured.  

During the research, the following research propositions (RP) were made: 

RP1: TDM innovation performance is influenced by cooperating partners. 

RP2: The social innovation success of TDMs and their cooperating partners show 

a correlation. 

RP3: The geographical region, the settlement size and the legal form of the TDM 

influence the innovation performance. 

RP4: Financial conditions hinder the realisation of innovations.  
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METHODOLOGY 

RESEARCH INSTRUMENT 

The research investigates the period between 2011 and 2014. Table 1 shows the questionnaire 

structure. The questions can be grouped into five categories: basic organisational information, 

TDM cooperation framework and parameters, human resources (HR) parameters, basic 

financial parameters, and innovation performance. 

Table 1. Questionnaire structure. 

Basic 

organisational 

parameters 

Geographical region  

Settlement size  

Year of foundation  

Legal form  

Ownership form  

A new, or restructured organisation was created  

Number of members  

Number of participating settlements  

Proportion of self-governmental ownership  

TDM cooperation 

framework system 

and parameters 

Federation membership  

Social media  

Guest satisfaction  

Cooperating partners of the TDM 

HR parameters 

Age of the work-force  

Qualification of the work-force  

Vocational experience of the work-force (chairman, manager)  

Did the employees participate in vocational trainings  

Basic financial 

parameters 

Proportion of income from self-governmental subsidies  

Proportion of income from calls  

Innovation 

performance 

(1-4 scale) 

Product and service innovation 

Process innovation  

Organisational-structural innovation  

Marketing innovation  

Social innovation performance  

Innovation performance done towards environmental 

sustainability  

Reasons of innovation  

Factors hindering innovation  

Conditions of innovation  

Future innovation development plans  

The innovation performance, the reasons for innovation, the hindering factors and the future 

development plans were asked on a 4-paired scale. (1 means unsuccessful performance, 4 

stands for a fully successful performance.) The mean value of product/service, process, 

organisational-structural and marketing innovation performance answers was used. After defining 

the mean value of the innovation performance, the TDMs were arranged into groups, Table 2. 
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Table 2. Innovation performance groups. 

Innovation 

performance 
Group 

1,00 - 1,50 1 

1,51 - 2,00 2 

2,01 - 2,50 3 

2,51 - 3,00 4 

3,01 - 3,50 5 

3,51 - 4,00 6 

SAMPLE DESCRIPTION 

The questionnaire form was used to test the research propositions. The questionnaire was 

compiled based on data from the Ministry responsible for the state-management of tourism 

and was sent to state-registered TDM organisations. There were 79 TDM organisations 

registered, when the research began. The final aim is to have 100 % of questionnaires 

returned. The first results based on 13 filled-in questionnaires are presented. The 

questionnaires were sent to TDM chairmen and leading managers and they were asked them 

personally to fill in the questionnaire. Based on the nature of the questions the managers 

knew the answers. The present 13 questionnaires match an answer rate of 16,7 %. Radas-

Bozic [10] undermine in their research that the answer rate might be different from research 

to research, but the above rate is not strikingly low. During the sample questioning feedback 

was received about the availability and structure of the questionnaire. The survey was 

conducted between January and April 2016. 

Considering the sample, it can be seen (Table 3) that the “other town” is dominant in the 

sample, however, all basic types are represented. 6 Hungarian geographical regions are 

present in the sample with the Balaton region having a slight over-proportion. Regarding the 

population, small and medium-sized settlements are dominant. The organisations were 

created in the period of 2000-2012, half of them in the past 8 years and the other half in the 

previous 8 years. 

Table 3. Sample characteristic. 

Characteristic Modalities Frequency Percentage 

Settlement 

other town 10 76,9 

county town 2 15,4 

village 1 7,7 

Touristic regions  
in Hungary 

Nord Hungary 1 7,7 

South Transdanubia 3 23,1 

South Lowland 1 7,7 

Balaton lake 4 30,8 

West Transdanubia 2 15,4 

Middle Transdanubia 2 15,4 

Number of inhabitants  
per settlement 

501 - 5 000 people 3 23,1 

5 001 - 20 000 people 4 30,8 

20 001 - 50 000 people 3 23,1 

50 000 - 100 000 people 2 15,4 

100 001 - 1 000 000 people 1 7,7 
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Table 3. Sample characteristic. 
(continuation from p.52) 

Characteristic Modalities Frequency Percentage 

Year of establishment  

of the organizations  
from the sample 

2 000 1 7,7 

2006 1 7,7 

2007 2 15,4 

2008 1 7,7 

2009 3 23,1 

2010 1 7,7 

2011 3 23,1 

2012 1 7,7 

Presenting the above mentioned theoretical framework and the methodology create the 
possibility of introducing the research findings. Scientific references provide examples of 

researching the innovation activities of enterprises [3, 10, 11], and the correlation between 

innovation areas and the competitiveness of enterprises [4], the research of innovation and 

enterprise performance [32], researching the competitiveness of TDM organisations [1], 

however the research of the innovation performance of TDM organisations is still a white spot.  

RESULTS 

The majority of the organisations (85 %) were newly created  The tourism information 
network operated by the old tourinform offices could not transform, therefore new 
stakeholders and participants were required. This was on one hand an advantage when the 
new structure was created (major, radical changes were introduced), on the other hand this 
can be a disadvantage when finding experts. The average organisation has 91 members which 
implies a very wide-range cooperation and could refer to major civil foundations of social 
innovation. TDMs usually engulf 6.08 municipalities in to a destination-organisation which 
again refers to the importance of a cooperation beyond public administration borders.  

It can be said that that young, but experienced people organise touristic life, as 69,2 % of 
TDM-employees are aged 31-40 (Table 4). Further analysis can be conducted on gender 
characteristics, since there are very valueable surveys about gender perspective on innovation 
cognitive style: a study has indicated that gender has a strong impact on attitudes towards 
entrepreneurship and innovative cognitive style [33].  

Associations are quite popular, as 70 % of the organisations chose this form, while 30 % were 
founded as limited liability companies. Associations offer participation to a larger extent and 
operates with a larger number of members, than limited liability companies. At the same time 
the form of decision making demands the cooperation among members, because in an 
association each member has one vote, while decision-making in an Ltd primarily depends on 
the ownership-structure.  

The presence of local governments in TDM groupings shows an interesting picture. In 46 % 
of the cases local governments are not members at all, while in the remaining cases the 
ownership structure varies between 20 % and 49 %. At the same time, almost 40 % of the 
income of these organisations come from local governmental subsidies: this already shows 
signs of individualisation as TDM organisations attempted to stand on their own and not 
depend on local authorities. Almost the similar amount of income of TDM organisation 
(34 %) comes from calls and all TDM organisations questioned received such subsidies in the 
period of 2011-2014.  
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It is remarkable that 66 % of employees have a tertiary degree which is a good rate 
considering the age: experienced and well-trained young employees implement touristic 
tasks. More than 50 % of general managers have a vocational experience of more than 7 
years and the same is valid for TDM managers.  

Civil cooperation is another feature and important field, where civil-based organisations enter 
a higher-level civil alliance for the sake of validating interests and professional cooperation. 
Today there are examples of such country-level cooperation in Hungary one of them is shown 
below (Table 4). The cooperation shows the existence of the civil net being the basis for the 
fourth helix-type communities. The National TDM Alliance is an important basis for 
developing tourism. One of the most typical forms of media-based cooperation is the use of 
social media for the sake of developing professional cooperation (Table 4)  

The 61,5 % Facebook usage for this purpose is like the result published by Vuksic et al.; a 
survey on Internet usage and plans for E-commerce among SMEs was conducted. The result 
of the survey indicated that small-to-medium enterprises participate in Internet commerce to a 

great extent (71,6 % medium-sized and 63,3 % small firms) [34]. 

Training is emphasised and guests were asked about their opinion. Conducting the guest 
satisfaction research implies a strategic point of view and can help to discover the future 
directions of innovation. (Table 4) 

Cooperating partners who assist TDMs were also intersting, as this can be a key factor for 
social innovation (Table 4). 

This is an interesting picture. “Municipality” cooperation is typical (local government, 
Hungarian Tourism Holding), at the same time the schools-university-institution helix does 
not show such a large intensity. (61,5 %, 76,9 %). The cooperation with vocational 
organisations and Chambers is also typical.  

Table 4. Selected characteristics of participating organizations 

Characteristic Modalities Frequency Percent 

TDM newly created or 
transformed from existing 
form 

new 11 84,6 

existing 2 15,4 

Age of staff 

20-30 years 3 23,1 

31-40 years 9 69,2 

41-50 years 1 7,7 

TDM is member of National 
TDM 

No 4 30,8 

Yes 9 69,2 

TDM is member of 
professional Facebook group 

No 5 38,5 

Yes 8 61,5 

Staff attended on training 
No 2 15,4 

Yes 11 84,6 

Guest satisfaction survey 
made 

No 1 7,7 

Yes 12 92,3 

Cooperating partners of 
TDM organizations 

Contact to local government 13 100 

Contact to vocational 
org/alliance 

13 100 

Contact to Hung Tourism. Ltd 12 92,31 

Contact to schools 10 76,92 
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Table 4. Selected characteristics of participating organizations 
(continuation from p.54) 

Characteristic Modalities Frequency Percent 

Cooperating partners of 
TDM organizations 

Contact to prof. org/chambers 10 76,92 

Contact to county management 9 69,23 

Contact to other org. 8 61,54 

Contact to Universities 8 61,54 

Contact to ministry 6 46,15 

 
Contact to research institution 4 30,77 

One of the main questions of the research shows that TDMs were rather successful in 

product- and service-innovation. 

Table 5 shows the innovation performance of TDMs. The table shows the mean value of 

answers received to certain innovation areas. The answers were registered on a 4-paired scale 

(1 means unsuccessful innovation, 4 stands for a fully successful innovation). The std. 

deviation of certain innovation areas is between 0,83 and 0,91, which is remarkable (Table 5).  

Table 5. How successful was the development of different innovations in your TDM? (year 

2011-2014) 

TDM 

unit nr. 

Product/service 

innovation  

Process 

innovation 

Organizational 

innovation 

Marketing 

innovation 

1. 3,50 2,80 2,00 3,50 

2. 2,50 1,00 2,33 1,00 

3. 3,50 3,80 3,16 3,62 

4. 3,00 2,80 3,00 3,75 

5. 3,50 3,00 3,00 2,88 

6. 3,75 3,00 3,00 2,50 

7. 1,50 1,40 1,00 1,25 

8. 2,00 2,80 3,00 2,63 

9. 4,00 4,00 4,00 3,38 

10. 3,00 3,00 2,00 3,50 

11. 4,00 3,60 2,00 3,50 

12. 4,00 4,00 3,83 3,25 

13. 1,50 2,20 3,33 1,88 

Descriptive statistics 

Mean 3,06 2,90 2,74 2,78 

StdDev 0,910 0,900 0,838 0,889 

In Table 6, the summary of innovation groups per innovation area is presented, i.e. how many 

TDMs ended in the groups 1-6. These grouped data will be the foundation for the cross-table 

analysis to be presented later. 

The questions investigating social innovation show that there is a civil and media-based 

cooperation among stakeholders and also there are steps towards environmental 

sustainability.  

However, TDM organisations did not manage to solve a major problem of society- i.e. the aid 

of disadvantages people (Table 7). 
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Table 6. Grouping of TDMs based on innovation performance 

Innovation group 
Group 

number 

Number of 

TDM units 
Percent 

Product/service 

innovation group 

1 2 15,4 

2 1 7,7 

3 1 7,7 

4 2 15,4 

5 3 23,1 

6 4 30,8 

Process 

innovation group 

1 2 15,4 

3 1 7,7 

4 6 46,2 

6 4 30,8 

Organizational 

innovation group 

1 1 7,7 

2 3 23,1 

3 1 7,7 

4 4 30,8 

5 2 15,4 

6 2 15,4 

Marketing 

innovation group 

1 2 15,4 

2 1 7,7 

3 1 7,7 

4 2 15,4 

5 6 46,2 

6 1 7,7 

Table 7. How successful were TDMs in developing social innovation 

Social innovation area Modality Frequency Percentage 

social innovation developed with civic organization 

together 

No 2 15,4 

Yes 11 84,6 

social innovation developed with mass media together 
No 3 23,1 

Yes 10 76,9 

social innovation (communication, process...) made for 

handicapped people 

No 8 61,5 

Yes 5 38,5 

social innovation developed for spreading culture and 

arts 

No 4 30,8 

Yes 9 69,2 

Has innovation helped the development of the image 

of the location? 
Yes 13 100,0 

Has the development of innovation contributed to the 

sustainability of environment and to the sustainable 

development of tourism? 

No 2 15,4 

Yes 11 84,6 

Have the innovations helped the reduction of the 

ecological footprint of the community? 

No 2 15,4 

Yes 11 84,6 

The question was asked why TDM organisations create innovation and why is it important to 

spend money on it. The development of services, the reduction of costs and achieving 

marketing advances were the typical answers. These primarily mean market-economic 
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reasons and undermine the fact that TDMs operate in this case as profit-oriented enterprises.   

The table contains the mean value of the answers given on the 4-paired scale and the std. 

deviation of the answers. The question how relevant certain factors for the operation of 

TDMs are was asked (Table 8). 

Table 8. Why was innovation carried out? 

Factors 
N Mean 

Std. 

Deviation 

development and expansion of 

services 

13 3,38 0,870 

reducing costs 13 3,23 0,927 

marketing advantage, complying with 

regulations, gathering information 

13 2,92 1,038 

opportunity for subsidies 13 2,69 1,109 

maintaining market share 13 2,54 0,877 

addressing new markets 13 2,38 1,044 

cooperation with institute /university 13 2,15 0,987 

increasing market share 13 2,15 1,281 

An important milestone of the innovation-research was to see and evaluate the parameters 

working against innovation, i.e. why do innovation performances not take place. This 

information can be vital for decision-makers in the future when regulations are being created. 

The chart tells the “Hungarian reality”, i.e. the lack of financial capital and the reference to 

high costs of innovation.  

The mean European Union subsidy intensity in the period 2011-2014 has already been 

presented, yet it still seems that the reason against innovation given by Hungarian TDM 

organisations is the lack of financial motivation tools. The table contains the mean value of 

the answers given on the 4-paired scale and the std. deviation of the answers. The question 

how relevant certain factors for the operation of TDMs are was asked (Table 9). 

Table 9. Factors preventing innovation 

Factors N Mean 
Std. 

Deviation 

lack of financial capital 13 3,31 0,630 

cost of innovation is too high 13 3,23 0,725 

lack of financial resources (outside organization) 13 3,23 0,927 

lack of information provided by cooperation partners 13 2,38 1,044 

difficulty in finding cooperation partners 13 2,38 0,768 

lack of trained workforce 13 2,38 0,961 

unclarity of legal regulation 13 2,31 0,855 

uncertainty in demand of innovative products and 

services 
13 2,15 0,801 

risk of innovation 13 2,08 0,954 

market is dominated by competitors 13 2,08 0,862 

lack of market information 13 2,08 0,760 

lack of cooperating networks 13 2,08 0,862 

lack of coordinating organization 13 2,08 0,862 

no demand for innovation general 13 1,77 0,832 

no demand for innovative products due to former 

innovations 
13 1,46 0,519 



Developing touristic destination – the way towards increasing innovation performance 

61 

This seems to be reflected to the question “Evaluate the conditions of the realisation of 

innovation in Hungary”, according to which the openness of local authorities and the HR as 

well as the quality of training are appropriate, while network cooperation possibilities, the legal 

background and the factors of financial motivation show lower satisfaction. The table contains 

the mean value of the answers given on the 4-paired scale and the std. deviation of the answers. 

The question how relevant certain factors for the operation of TDMs are was asked (Table 10). 

Table 10. Conditions of carrying out an innovation in Hungary. 

Factors N Mean Std. Deviation 

quality of HR, quality and openness of education 13 3,08 0,760 

openness of local government 13 3,08 0,760 

cooperation in network 13 2,54 0,660 

available capital 13 2,54 0,660 

legal background 13 2,46 0,877 
 

  
Despite all factors hindering innovation, TDMs are positive regarding their plans as they 

answered the raised question by saying that they are thinking of further developing their 

services and products and plan to hold trainings and info-communication developments. 

Information technology changed the world of tourism completely. Tourism steps on a path to 

evolve to being both people-driven and data-driven, thus utilizing ICT approach increases 

competitiveness and profitability [35]. 

All these signs indicate a “profit-oriented” way of thinking and are a sign of hope regarding 

the development of Hungarian tourism. The table contains the mean value of the answers 

given on the 4-paired scale and the std. deviation of the answers. The question how relevant 

certain factors for the operation of TDMs are was asked (Table 11). 

Table 11. Future development plans of TDMs 

Factors N Mean 
Std. 

Deviation 

Service development 13 4,00 0,000 

Product development (related to tourism) 13 4,00 0,000 

increasing sales and marketing skills 13 3,69 0,480 

workforce training 13 3,62 0,650 

ICT development 13 3,54 0,660 

Process development 13 3,31 0,751 

developing management and leadership skills 13 3,08 0,954 

Organizational development and changes 13 3,00 1,000 

DISCUSSION 

RP1: TDM innovation performance is influenced by cooperating partners. 

The Chi-square test of the cross-table analysis shows a significant relation (p < 0,05) between 

the Hungarian Tourism Holding and the product/service innovation. The relation is strong 

(p = 0,023; Cramer’s V = 1,00). There is also a significant relation between the Hungarian 

Tourism Holding as a cooperating partner and the organisational-structural innovation 

(p = 0,021; Cramer’s V = 1,00). 

The proposition was partly affirmed, i.e. certain cooperating partners influence innovation 

performance and this relation is very strong. 
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RP2: The social innovation performance of TDMs and their cooperating partners show a 

correlation.  

The cross-table analysis shows a significant relation (p < 0,05) between the university 

cooperation and the social innovation carried out in civic cooperation. The strength of the 

relation is moderate (p = 0,05; Cramer’s V = 0,539). There is also a significant relation 

between the university cooperation and the innovation developed for handicapped people. 

The relation is moderate (p = 0,024 Cramer’s V = 0,625). A further significant relation can be 

seen between the university cooperation and the innovation developed for a sustainable 

environment. The relation is moderate (p = 0,05; V = 0,539). Yet another significant relation can 

be tracked down between research institutions and innovation developed for handicapped people. 

The relation is strong (p = 0,02 Cramer’s V = 0,843). Another significant relation can be seen 

between the county management and social innovation carried out in civic cooperation. The 

relation is moderate (p = 0,021; Cramer’s V = 0,640). The relation between the county 

management and the social innovation for the sake of sustainable development is also significant. 

The relation is moderately strong (p = 0,021; Cramer’s V = 0,640). The relation between the 

professional Chambers and social innovation carried out in civic cooperation is also significant. The 

relation is moderately strong. (p = 0,005; Cramer’s V = 0,778). This is also true for the relation 

between the Hungarian Tourism Holding and social innovation for the sake of sustainable 

environment. The relation is moderately strong (p = 0,015; Cramer’s V = 0,677). Universities 

play an important role in supporting social innovation and governmental institutes (county 

management, Hungarian Tourism Ltd., chambers) may influence and support social 

innovation development. 

The cases above partly confirm the RP2 propositions, i.e. the existence of social innovation 

can be influenced by certain cooperating partners. The relation is at least moderately strong.  
   
RP3: The geographical region, the settlement size and the legal form of the TDM influence 

the innovation performance. 

No significant relations could be shown; therefore, my proposition cannot be confirmed.  

 

RP4: Financial conditions hinder the realisation of innovations. 

Table 11 shows that TDMs consider the lack of financial resources, the high costs of 

innovation and the availability of financial means outside the organisation to be the most 

important factors hindering innovations, therefore the hypothesis can be confirmed.   

CONCLUSION 

In this article, the innovation performance of TDM organisations was investigated and 

correlations whether certain dimensions influence the innovation potential were also sought. 

Parallel to this some basic TDM parameters were investigated. This was necessary, because 

so far there was no similar research about TDMs in Hungary. It was important to collect the 

most possible base data which provided the foundation for later researches and correlation 

investigations. The final research is still ongoing as the aim is to measure about 100 % of 

TDM organisations. Information about the reasons for innovation, the factors hindering 

innovation, the social innovation potential and the future plans of TDMs was gathered.  

The research propositions asked during the research were answered, i.e. do cooperating 

partners influence the innovation potential. Do cooperating partners have an impact on the 

development done for social innovation. At the same time the organisational characteristics 
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(geographical location, legal form and settlement size) do not influence innovation performance). 

It became clear that the scarceness of financial resources hinders the spreading of innovation.  

The research targets formulated at the beginning of the research were fulfilled:  

1.) The innovation performance of the researched institutions was presented and the 

correlation to the basic organisational parameters was tested. 

2.) The TDM cooperation system and social innovation results were measured. 

3.) The factors hindering innovation which is an important information because of the 

establishment of the new criteria system of state-owned tourism management, which is 

being reorganised now, was measured. The findings of the research will be handed over to 

the state-owned tourism management. 

4.) Knowledge was gained about the future development plans of TDMs, which is interesting 

because of the establishment of the criteria system of EU calls (data will be provided to 

the state-owned tourism management). 

Community media helped exploit the media-based spaces and TDMs also contributed to 

social wellbeing. Product- and service-based innovation potential is remarkable, just like the 

range of entities contributing to tourism and their contact-network. The research database 

provides further opportunities of analysing data and researching various correlations. TDMs 

are key workshops of touristic innovation and the research bears further possibilities. Factors 

with a positive influence on the innovation performance must be further investigated and 

enhanced by assigning sources and creating the legal and regulatory environment. 

The sample questioning showed a good feedback. Once there is a broader sample it might be 

worth to group the TDMs, by clustering, and define the parameters which can be used to 

show a significant innovation performance. Apart from that the research database provides 

the opportunity for further data analysis and the research of further correlations. The next step 

is the investigation of the entire TDM base and the comparison with TDM organisations from 

various countries. The research can have international results.  

As there has been no research conducted on the field of innovation performance in Hungary 

among TDM organisations, the decision makers and state-run tourism management will find 

the further analysis of parameters hindering innovation and the fine-tuning of the 

implementation-criteria system and its modification according to feed-backs important. 

The further research target direction is the definition of the characteristics of innovative TDM 

organisations and the analysis of parameters influencing their innovation-related decisions. 

All this can contribute to using EU subsidies in better ways.  
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ABSTRACT 

Service quality, students’ satisfaction and their behavioural intentions are recognised as rather 

important aspects in higher education institution’s strategy in a competitive higher education 

marketplace, which enable them to attract and retain students in science, technology, engineering and 

mathematics (STEM) and information-communication (IC) study areas. This research aimed to study 

the relationship between service quality, students’ satisfaction and behavioural intentions of STEM 

and IC students of the University of Rijeka Departments. Partial least squares structural equation 

modelling using SmartPLS 3.0 software was performed on student survey data, confirming a direct, 

positive and significant relationship between higher education service quality and students’ 

satisfaction and between students’ satisfaction and their behavioural intentions. According to indirect 

effects analysis, perceived higher education service quality has an an indirect, positive and significant 

impact on students’ behavioural intentions through students’ satisfaction. The results indicate that 

higher education service quality is an imperative for higher education sector. Based on the findings of 

this study, useful to policy makers in the services industry in general and in higher education sector in 

particular, improvements can be planned all service quality dimensions as a key factor to attract, 

educate and retain STEM and IC students in Croatia. 
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INTRODUCTION 

In our present knowledge economy, due to the globalisation and increasing and rapid 
development of information and communication technologies, knowledge and learning emerged 

as the primary sources of wealth creation 1. For this reason, knowledge and skills obtained at 
higher education institution in science, technology, engineering and mathematics (STEM) and 
information-communication (IC) study areas, can be considered as the essential drivers 
which can take the whole community on the right path towards sustainable development, 

laying the foundations for more inclusive knowledge society 2. Therefore, the traditional 
role of higher education and higher education institutions became even more important, 
due to the fact that the higher education institutions are expected to be the centre of 
intellectual, cultural, social and technological development of the community, and to be a 
fundamental lever of sustainable development. 

Higher education in STEM and IC study area is facing a wide range of challenges and 
difficulties in fulfiling its tasks. Higher education environment is changing under the impact of 
social needs and development and labour market transformations. In today’s competitive higher 
education marketplace, where students have a wide range of options and choices available, 
factors that enable higher education institutions to attract and retain students became 
increasingly considered with attention, resulting in circumstances that caused higher education 
institutions to start the implementation of marketing concepts in order to survive in global 

higher education market 3. Emery, Kramer and Tian 4 and Svensson and Wood 5 argue 
that the marketisation is inappropriate and unacceptable in the context of higher education. On 

the contrary, Angell, Heffernan and Megicks 6 and Yeo and Li 7 argue that neglecting 
students’ needs and expectations and ignoring competitive forces in higher education setting 
eventually leads to become the most distinctive disadvantages of higher education institutions. 

Cuthbert 8, Owlia and Aspinwall 9 and Clewes 10 support the idea of higher education as 
a service business, since it reveals all typical features of services, it is intangible and 
inseparable from their consumption and higher education satisfies both heterogeneity and 
perishability criteria. The approach that considers higher education as a service industry and 

students as customers has gained considerable support in the literature 3, 7, 11, providing a 
guideline for this study. Providing a high level of service quality represents is considered to be 

a crucial determinant of competitiveness and success factor in the services sector 12 and the 

most powerful competitive weapon for most service organizations 13. DeShields Jr. et al. 14 
proposed a strategy that improves students’ retention through high service quality, since high 

service quality improves customer satisfaction 15.  

Both service quality and satisfaction have been key issues in the marketing literature, 

drawing the attention of researchers in higher education 16-19 over the past decades. 
However, the research of the relationship between service quality and satisfaction and their 
influence on students’ behavioural intentions in STEM and IC higher education sector is 

rather limited 20. Moreover, to the best of author’s knowledge, research in this field with 
evidence from Croatia is extremely scarce. The research focused on the relationship between 
service quality and customer satisfaction is of great importance for service providers since they 
need to aim towards the delivery of the maximum possible level of perceived service quality 

and on satisfied customers 21. In a wider marketing context, those premises should be 
considered amongst fundamentals for the sustainability of STEM and IC higher education 
institutions. The forestated provides ground for the research of the relationship between service 
quality, satisfaction and their accordance with students’ behavioural intentions. The importance 
of attracting and retaining students in STEM and IC study area is of great importance due to the 
fact that STEM and IC expertise represents the essence of all modern and knowledge-based 

societies since technological innovations are the primary driver for economic growth 22, 23. 
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The purpose of this paper is to investigate the relationship between service quality perceived by 
STEM and IC students of the University of Rijeka Departments’ (UniRi Depts.), their satisfaction 
and intention to spread positive word-of-mouth as a determinant of students’ behavioural 
intentions. The essence of this study that points out its originality is the fact that this is believed 
to be the first study of this kind carried out among students at the University of Rijeka. 
Additionally, the fact that the questionnaire can be utilised in the majority of Croatian higher 
education establishments can be considered as an important value of this work. 

The remainder of this paper is structured as follows. Evaluation construct and their relationships 
providing a conceptual framework for the proposed research hypotheses have been discussed 
first, followed by the description of research methodology. Subsequently, the main results have 
been presented, followed by the discussion that indicates limitations of the study and suggests a 
proposal for future research. 

LITERATURE REVIEW 

A framework of this study attempts to integrate the knowledge gained from research on service 
quality, student satisfaction and word-of-mouth intention as a determinant of behavioural 
intentions and to explore their relationship. Accordingly, the subjects presented in the following 
are: service quality, students’ satisfaction and word-of-mouth intention as a determinant of 
behavioural intentions in sequence. 

SERVICE QUALITY 

Service quality, an abstract concept hard to define, is commonly explained by the service 
marketing researchers from the customers’ perspective [24]. Since service quality is considered 
to be an important dimension of competitiveness [25], it became an important point of interest 
of researchers during the last two decades.  

One of the most-cited definitions of service quality is the one relating to the comparison that 
customers make between their expectations and perceptions of service experience [26, 27], so if 
customer’s perception is higher than customer’s expectation, the perceived quality by the customer 
will higher, and vice versa. The primary characteristic of service quality is its commitment to 
measure how delivery service level matches customers’ expectations, which contribute to 
customers’ satisfaction [28]. According to Dedeke [29], service quality represents the capability 
to meet and exceed the results that the provider and the customer mutually defined and 
embraced at the beginning of a service encounter, which entails the need to conceptualise the 
term as cognitive, post-purchase phenomenon. The primary characteristic of service quality is 
its commitment to measuring how delivery service level matches customers’ expectations, 
which contribute to customers’ satisfaction [28].  

From the preceding descriptions, in this research, students’ perceived service quality can be 
defined as the students’ subjective evaluation of the performance level of the services provided 
by the higher education institution, compared with their expectation level. Service quality in 
higher education institutions refers to a set of characteristics, dimensions and attributes that 
relate to the services they provide. The concept of higher education quality can be identified as 
a set of terms and conditions that should be available in the educational process to fulfil the 
students’ needs and expectations. When measuring students’ response to service quality, there 
are several rather important issues to be considered because their response is valuable for 
performance enhancement, including the teaching aspect and curriculum design [30].  

STUDENTS’ SATISFACTION 

Students are considered the main customers among a number of customers and stakeholders of 
higher education institutions [31, 32]. Recent trends in higher education sector suggest the 
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importance for higher education institutions to measure quality of services they provide and 
monitor student satisfaction. According to Oliver [33], satisfaction may be described as “the 
summary psychological state resulting when the emotion surrounding disconfirmed expectations 
is coupled with the consumer’s prior feelings about the consumption experience”.  

Students’ satisfaction can be predicted according to Maimunah, Kaka and Finch [34] by 

three factors, namely performance of trainers, services delivery, and support facilities, 

what is in accordance with Hill Lomas and MacGregor [35], who found in research on 

students’ service quality experience that the lecturers and the support system are the most 

significant predictors of students’ satisfaction. In conclusion, as primary customers, 

students’ satisfaction determined by both academic and non-academic aspects, is crucial 

to the survival of any higher education institution.  

Service quality is indicated as an essence for establishing and sustaining favourable 

relationship with customers and therefore it can be considered as an antecedent to 

satisfaction according to Bigne, Moliner and Sanchez [36]. In that sense, Elliot and Shin [37] and 

Ham and Hayduk [38] both confirmed the existence of a positive relationship between 

perceived service quality and student’s satisfaction.  

A literature review implies that higher education service quality is the key antecedent of 

students’ satisfaction, suggesting that elevated level of perceived higher education service 

quality tends to increase students’ satisfaction. Consequently, in a competitive higher education 

market, higher education institutions must strive to continuously improve the services they 

deliver to its students in order to meet their expectations and demands [39].  

BEHAVIOURAL INTENTIONS 

A primary concern to an organisation should be the behavioural intentions of its 

customers [40, 41]. Both quality and satisfaction have drawn the attention of researchers 

due to their linkage to customer loyalty. Loyal customers are more likely to buy 

additional goods and services and spread the favourable word of mouth communication 

according to Reichheld [42]. As defined by Oliver [43], loyalty implies „a deeply held 

commitment to rebuy or repatronize a preferred product/service consistently in the future, 

thereby causing repetitive same-brand or same brand-set purchasing, despite situational 

influences and marketing efforts having the potential to cause switching behaviour“.  

Businesses are mostly interested in consequences of loyalty, but since measurement of 

behavioural intentions has been usually more convenient, it gained the status of equivalent 

to loyalty and primary concern of researchers. 

Numerous studies with strong theoretical arguments and empirical evidence identified a 

positive relationship between customers’ satisfaction and behavioural intentions across 

different service industries (i.e. Cronin, Brady and Hult [44], Vilares and Coelho [45], Lai 

and Chen [46], Anderson and Mittal [47], Ibrahim and Najjar [48], Szymanski and Henard [49]. 

Satisfaction is therefore regarded as a significant determinant of behavioural intentions 

according to Bearden and Teel [50] and Ibrahim and Najjar [48]. This positive relationship 

also exists between overall satisfaction and positive word of mouth behaviour [51, 52]. There 

is also empirical evidence that as overall customer satisfaction increases, so does the 

customers’ willingness to recommend the service provider to others [53, 54], and vice versa. 

These generic findings have also been replicated in the specific context of higher education 

institutions. In the context of higher education, behavioural intentions relate to students’ 

intentions to enrol higher level of studies within the same institution, spread positive 

impressions and recommend the higher education institution to other potential students. 
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Helgesen and Nesset [55] conducted a study that provides the evidence of positive impact of 

students’satisfaction on students’ loyalty in Norway and Sultan and Wong [18] conducted a 

similar study in Australian higher education context. Ledden, Kalafatis and Mathioudakis [3] 

studied the relationship between students’satisfaction and willingness of satisfied 

postgraduate students to recommend study programmes. Hasan, Ilias, Rahman and Razak [56], 

Malik, Danish and Usman [57], Ham and Hayduk [38] and Bigne, Moliner and Sanchez [36] 

confirmed direct positive relationship between higher education SQ and SS. Dado, Taborecka 

Petrovičova, Riznić and Rajić [19] and Aljumaa [58] studied and confirmed indirect positive 

relationship between SQ and WOM through SS. However, the relationship between these key 

service evaluation constructs has scarcely been examined in Croatian STEM and IC higher 

education context.  

METHODOLOGY 

A framework was developed based on the extensive literature review, with the following 

variables: higher education institution’s service quality (SQ), students’ satisfaction (SS) and 

positive word-of-mouth (WOM), as the key determinant of students’ behavioural intentions, 

shown in Figure 1., proposing hypotheses about their relationship, as follows:  

H1: Perceived service quality has direct, positive and significant impact on STEM and IC 

students’ satisfaction, 

H2: Service quality perceived by STEM and IC students has direct, positive and significant 

impact on their positive word-of-mouth, 

H3: Satisfaction of STEM and IC students has a direct, positive and significant impact on 

their positive word-of-mouth. 

 
Figure 1. SQ-SS-WOM model, adapted from Legčević [59]. 

It was decided to develop a new measurement tool since many existing surveys do not 

include all important topics concerning the specific conditions of studying in STEM and IC 

study area at the UniRi Depts. 

The survey method was used to explore the relationships of the study. The data were 

collected through an anonymous on-line self-administrated, structured questionnaire using a 

five-point Likert-type scale ranged from strongly disagree (1) to strongly agree (5). Perceived 

SQ dimensions (i.e. teaching staff, administrative staff, image, environment and equipment, 

study programmes and teaching syllabus) were measured using twenty four items adapted 

from Legčević [59] and SS at an institutional level that covers most aspects of students’ life 

was assessed by four items adapted from Seng and Ling [60]. Positive WOM intentions were 
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assessed using three items adapted from Babin, Lee, Kim and Griffin [61], with statements 

concerning likelihood of saying positive things about the higher education institution, 

recommending it to a friend or a family member and probability of making the same choice if 

the student had to do it all over again. 

The pre-tested questionnaire was administered to undergraduate and graduate STEM and IC 

students of the UniRi Depts. using Google Docs Forms. The survey was conducted in the 

period of two months during the middle of summer semester of the academic year 2014/2015. 

Amongst 873 students enrolled and surveyed in this study, 214 usable questionnaires 

returned, what is a response rate of 24,51 % what can be considered as an adequate sample 

size, since other scale developers in the marketing area used a sample size of 200 to analyse 

group data [62, 63]. 

For the data analysis, Statistica 12.7 software was used. After confirming the reliability and 

acceptability of the measurement model, Partial Least Squares Structural Equation Modelling 

using SmartPLS 3.0 software was applied to examine the relationship among SQ, SS 

students’ intention to spread positive WOM, as an appropriate method that produces latent 

variable scores that can be used to predict a model, placing minimal limitations on the 

distribution characteristics and sample size [64]. 

Descriptive statistics was used to examine the respondents’ demographic profile to evaluate 

perceived SQ, overall SS and intention to spread positive WOM. From the 214 respondents in 

this study, 140 (65,42 %) are female and 74 (34,58 %) are females. The calculated mean age 

of the respondents is 22, with the majority of the students being between 21 and 23 years old 

(48,60 %). The majority of the respondents are enrolled in the undergraduate study 

programmes (66,36 %), all of them are full-time students and most of them do not pay tuition 

fees due to the study success awarded by the Ministry of Science and Education of the 

Republic of Croatia (MSE) grants. The majority of the students are successful and have very 

good average grade during the study (46,26 %), followed by the good grade (29,44 %), 

excellent (18,22 %) and sufficient (6,07 %). This ratio characterises the student population in 

the UniRi Depts. that offer study programmes in the field of STEM and IC. Table 1. 

summarises the profile of respondents. 

Table 1. Respondents’ profile (N = 214). 

 Sample demographics Frequency % 

Gender Male 74 34,58 

 Female 140 65,42 

Age <21 50 23,36 

 21-23 140 48,60 

 >23 60 28,04 

Study programme Undergraduate 142 66,36 

 Graduate 72 33,64 

Tuition MSE* grant 184 85,98 

 students paying tuition fees 30 14,02 

Average grade Excellent (5) 39 18,22 

 Very good (4) 99 46,26 

 Good (3) 63 29,44 

 Sufficient (2) 2 6,07 
* 
MSE – Ministry of Science and Education of the Republic of Croatia 

 

http://www.emeraldinsight.com/author/Babin%2C+Barry+J
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RESULTS 

According to the descriptive statistics generated, both overall SS (mean 3,331) and students’ 

intention to spread positive WOM (mean 3,553) are high, and the mean scores for all 

statements related to five SQ dimensions were above the value of 3. 

Table 2. Results of data analysis. 
Structural 
Equation 

Path 
coefficient 

Discriminant 
validity 

STDEV T P 

Total effects analysis: 

SQ  SS 0,766 0,737 0,027 29,256 0,000 

SQ  WOM 0,690 0,652 0,057 0,228 0,819 

SS  WOM 0,861 0,884 0,049 17,873 0,000 

Indirect effects analysis: 

SQ  WOM  SS 0,660 0,652 0,050 13,600 0,000 

The results obtained from the analysis of the path coefficients using a two-tailed t-test at 95% 

confidence level of each structural equation presented in Table 2., confirm positive 

relationships between variables in the proposed conceptual model. It was found that all path 

coefficients are significant (i.e. larger than 1,96) except "SQ – WOM" linkage. Perceived SQ 

has direct, positive and significant impact on SS, supporting H1. SS has a direct, positive and 

significant impact on WOM, thus supporting hypotheses H3. The value of the path 

coefficient in the "SQ – WOM" linkage was not significant (0,228), thus H2 was rejected, 

leading to the performance of indirect effects analysis resulting in path coefficient 0,660 with 

statistically significant T value of 13,600 at 0,05 confidence level. According to indirect 

effects analysis it was found that SQ has an indirect, positive and significant impact on WOM 

through SS.  

CONCLUSION 

This research aimed to study the relationships among SQ dimensions, SS and students’ 

positive WOM for STEM and IC Croatian higher education context, and to provide statistical 

evidence for their significance. Based on the results and remarks of this study improvements 

can be planned across all dimensions of higher education service quality. Although 

students’satisfaction is more important determinant of future behavioural intentions (i.e. 

positive word-of-mouth), higher education service quality should not be neglected due to its 

positive indirect impact on students’ behavioural intentions.  

The results are consistent with similar studies confirming a direct positive relationship 

between higher education SQ and SS [36, 38, 56, 57], indirect positive relationship between 

SQ and WOM through SS [19, 58] and direct positive relationship between SS and positive 

WOM behaviours [19, 42, 65], which plays an important role in the decision-making process 

and makes an effective way for a higher education institution to recruit new students.  

The findings can also be useful to the higher education institutions’ management to quantify 

SQ and to show the path for future practices for higher education sector. Since data analysis 

resulted in high reliability and identifies strengths and weaknesses across SQ dimensions, 

higher education institutions can monitor SS as one of the key elements in creating and 

developing SQ as a key factor to attract, educate and retain STEM and IC students. Policy 

makers in the services industry in general and in the HE sector in particular, may benefit from 

the findings of this study. 

The study was carried out among STEM and IC students of the UniRi Depts. only, what 

represents its limitation and its outcomes could not be generalised. The author kindly 
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suggests further research to cover a wider range of universities in Croatia, including private 

establishments, with study programmes in STEM and IC study area, and also in other 

branches of science study areas, so that a model with more conformity will be produced for 

planning to improve higher education SQ. 

Due to the limitations of the study, as in case with other similar empirical research, its results 

should not be generalised. The essence of this study that points out its originality is the fact 

that it is believed to be the first study of this kind carried out among STEM and IC students in 

Croatia. Additionally, the fact that the questionnaire can be utilised in most higher education 

institutions, allowing the researchers and higher education policy makers to understand the 

benefits of measuring higher education service quality, makes this research a unique 

contribution to the services marketing literature. Further research is required to consider the 

perspectives of other higher education stakeholders. Finally, future studies are needed to 

extend our understanding of the importance of service quality evaluation, students’ 

satisfaction and positive word-of-mouth, what seems to be rather important and rich area for 

further investigation. 
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ABSTRACT 

Today, brands are powerful instruments of change. They are tightly connected with consumers all 

over the world and profoundly incorporated into their everyday life and choices they made. 

Consumers indicate with brands they love and strongly advocate the ideas that are embedded in their 

philosophy and image. Consequently, companies that own successful brands, which are followed by 

large group of loyal consumers, have the power to generate modification and even complete shift in 

consumers’ lifestyle, value system, attitudes and behavior. Accordingly, environmentally friendly 

brands are inevitable element of sustainable marketing strategy and sustainability concept, given that 

its implementation requires changes that will trigger mass rather than individuals. However, 

regardless of positive opinion about socially responsible practice on the market, attitude – behavior 

gap is widely present among consumers, making segment of green consumers just a market niche. 

Thus, the most challenging task for marketing and brand managers is to find interest for consumers in 

a sustainable way of life and to make it easy accessible and attractive for them. This article aims to 

highlight the leading role of sustainability in branding theory and practice and to point out strategies 

for successful implementation of green values into the brand management, with an accent on brand 

equity construct, relying on the results of research and analysis in the given field. 
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INTRODUCTION 

Even though sustainability topics have been preoccupying attention of policy makers for few 

decades, in 21st century it has become mainstream issue 1. Side effects of the climate 

change are visible more than ever, and therefore the completely new dimension of the 

practical implementation of sustainable development into regular business practice is 

requested. In the near future, traditional sourcing and selling will be marginalized, and thus, 

being on sustainable pathway will be the main qualification for staying in business 2. 

Sustainable strategy demands holistic transformation of business model and synergetic 

approach; in other words, engagement of multiple stakeholders around a common goal, with 

the accent on consumer, as the one who makes the final decision whether specific business 

model will or will not be accepted. Given that marketing discipline has consumers in the 

center of its philosophy and marketplace as the main playground; and that it has often been 

accused for creation of uncontrolled consumption of planet resources 3, marketing 

managers’ responsibility in this sense is the greatest. Accordingly, with the evolution of 

marketing, especially the green marketing, each aspect of marketing mix has been improved. 

Green marketing encompasses all marketing activities with the aim to stimulate and sustain 

environmentally-friendly attitudes and behavior of consumers 4. 

Branding area, through which companies achieve the highest level of interaction with consumers 

and as a central element of a supplier’s proposition 5, has arisen as the most influential part of 

sustainable marketing strategy. Loyal consumers are the driving force of brands as an asset, so 

they can also be a trigger for enlarging a group of environmentally conscious consumers, who are 

willing to adopt and advocate philosophy of the favorite brands. In words of Gordon 6, “once a 

majority embraces an idea it becomes an unstoppable force”, which is the ultimate goal pursued 

by green movement. In the essence of this idea is what Schultz and Block 7 call 

“sustainable brand growth” or the rise in brand value “created by existing loyal customers 

who encourage other customers to become users and eventually loyal to the brand”. 

Evidently, adoption of sustainable attitudes and behaviors through sustainable brands usage 

have the power to initiate deeper changes in peoples’ lives, and ensure the balance between 

multiple interests of three usually opposed sides - consumers, companies and society. 

In academic literature, investigation in field of green branding and sustainable strategy effects 

on brand equity is modest. Accordingly, the goal of this article is to provide an insight into 

sustainable branding, highlight its importance and role in strengthening brand equity, and 

analyze strategies for implementation of sustainable principles into the brand concept. The 

article is structured in accordance with the stated objectives. The main method used for 

addressing the goal is detailed examination of the results of research and analysis conducted 

by various researches in the given field in last few years. 

SUSTAINABILITY AND BRANDING 

According to Gabriela Alvarez from Latitude Switzerland, “sustainability is not a one-for-all 

model. It is about collaborating, learning, creating, implementing, assessing and constantly 

evolving.” 7; p.26. Addressing sustainability as a “real marketing topic” demands entering 

into the substance of and considering a few facts 7; p.27. At first, this means considering 

sustainability as a process that is integrated in all companies’ processes, with the aim of 

successful holistic adoption of sustainable principles. Besides, “sustainability calls for new 

guidelines”, which means working together is a new mantra that puts stakeholders in position 

to develop common language, trust and shared vision with all partners. Managing 
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sustainability requires a new sort of knowledge, capable of providing transparent business 

activities and processes with clear communication and without incorrect claims, which could 

be slippery area. Finally, taking sustainable projects should be a result of observing and 

listening market trends, nature and society needs rather than action forced by environment 

and society current issues, and all those actions and investments should be measured, 

testified, analysed, improved and justified through the change of consumer perception, 

society welfare, company’s reputation etc. 

Brand is a unique blend of functional and emotional characteristic perceived by consumers as 

an additional value, unique experience and fulfilled promise 8. It has a symbolic value 

different from everything that is available in reality, and ability to represent interests that go 

beyond the brand itself 9. For the company, it is the core strategic resource and most 

powerful invaluable asset 10-11. 

The interdependence between brands and consumers is huge – in a way that consumers 

determine development and the success of brands, brands reversely influence and direct 

consumer behavior. As such, branding has become "the story of belonging and pervasion", as 

it enables consumers to express their interests, attitudes, preferences and overall personality 

through brands they use 10; p.14. Moreover, they are trustworthy source of information and 

great mediator in education end occupation of large group of consumers which, when create 

community of a brand, can be very influential force in society 2. 

In recent years consumer interest in environment-friendly alternatives has risen  

dramatically 13, and so their expectations of brands. Even though the attitude-behavior gap, 

described as the inconsistency between consumers attitudes and actual buying behavior, is 

identified in many studies 14-15, sustainable attributes are becoming increasingly important 

in a brand valuation 6, 16. Linking brand performance and image with sustainability 

concerns is becoming leading way for differentiation 17. Thus, brand management emerges 

as a focal and even more dynamic business process with sustainability in the center of its 

philosophy, and main initiator of traditional brand management theory and practice shift 18. 

The relationship between mainstream brands and their consumers have prospered in a way 

that people want much more for their money – they strive to get the access to all the benefits 

generated by the company; and, from the standpoint of the companies, that means doing “the 

right thing” 6 by contributing to a greater purpose. In words of Paul Polman, CEO of Unilever, 

“businesses can not succeed in societies that fail. (…) With liberty comes responsibility. 

Sustainable brands have the heritage, ability and drive to bring this alive.” 2, p.4. Sustainability, 

as a strategy, inevitably emerges in forefront of branding and overall business policy, 

demonstrating responsible stance toward mankind requirements 19. 

Terms “sustainable” and “green” are usually used as synonyms in literature. In this sense, 

green brands attributes are 20; p.42 “ecological” - minimizing the negative impact on 

natural environment, “equitable” – prevent the marketing promotion of unsustainable social 

practices, and “economic” – encouraging long-term economic development through brand. 

Brands defer from each other by the degree of integrated green issues. Therefore, there are 

three categories of “greenness”: 1) green as core value, 2) green integrated in core values, and 

3) green values as the guarantee 21. The other classification, by Landor Associates, 

Newsweek, and Penn Schoen Berland, indicated four groups of green brands in 22: 

1.) Unsung Heroes – brands that conduct strong green practice, but with insignificant public 

awareness, 

2.) Free Passers – brands that conduct limited green practice, but with distant brand echo that 

drives green reputation, 
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3.) Losers – brands that conduct limited green practice, with public recognition of the 

limitations, 

4.) Winners – brands that conduct strong green practice that is recognized in public. 

The growing role and significance of green branding is reflected in a numerous benefits that 

are embedded in this concept 23. However, successful implementation of green branding 

and environmental concepts with positive results entails their presence in all aspects of green 

marketing strategy 24. 

THE ROLE OF SUSTAINABILITY IN STRENGTHENING BRAND EQUITY 

Consumer green perceptions and preferences, companies’ sustainable practices and brand 

equity are strongly interrelated. Sustainability can bring deeper meaning to a brand image and 

consequently stronger emotional bonds and differentiation 17, 25. Satisfied consumers are 

more favorable to those products and companies that fulfill their expectations, needs and 

desires 26. Moreover, sustainability enhance public recognition 27, competitive 

advantage 28 and provide future financial health by reducing various possible risks 29. 

Given that “green corporate perception, eco-label, and green product value” significantly 

influence purchase decision 30, and that there are consumers who are willing to pay higher 

price for green brands 31, green branding is an important driver of brand equity 32. 

Brand equity is the intangible, hidden value inherent in a well-known brand name 33. It 

adds value to the brand through the brand name 34 and indicates consumers’ preferences, 

attitudes and purchase behavior towards specific brand 33. The pioneer definition of green 

brand equity, as the final objective of green marketing and green branding strategy, was given 

by Chan 1; p.310, who explaining it as ‘‘a set of brand assets and liabilities about green 

commitments and environmental concerns linked to a brand, its name and symbol that add to 

or subtract from the value provided by a product or service.’’ It is based on Aaker’s 35 and 

Keller’s 36 definition of brand equity. 

There are many studies referring to the link between sustainability and brand equity. For 

instance, the TANDBERG and Ipsos MORI survey 37 confirmed the interdependence 

among corporate environmental responsibility, brand equity and competitive advantage, 

explaining that more than 50 % (1 billion) of consumers from their global survey claimed 

they would prefer to buy product from environmentally responsible company, while almost 

80 % (700 million) of workers from the same survey stressed importance of working for 

environmentally ethical company. Similarly, Gidwani 38 examined more than 1000 companies 

in 54 countries and showed that there is a strong correlation between brand strength and 

sustainable practice of a company, putting an accent on employees’ treatment and 

environmental policies, as the leading drivers of the correlation. 

Chen 1 proposed, by observing consumers’ purchase of information and electronic 

products, three novel constructs of brand equity: 1) green brand image, 2) green satisfaction, 

and 3) green trust. He indicated positive relations between those three drivers and brand 

equity, with the note that green satisfaction and green trust to some extent can mediate the 

relationship between green brand image and green brand equity. He also listed main 

reasons for developing sustainable marketing: “compliance with environmental pressures; 

obtaining competitive advantage; improving corporate images; seeking new markets or 

opportunities; and enhancing product value” 1; p.307. Finally, Nastanski 39 provided 

sustainability-profitability relationship model, showing thoroughly how sustainability 

improves brand equity and consequently financial profit as final business indicator. 
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Figure 1. Sustainability-Profitability Relationship Model 39; p.169. 

As a result, many companies have appointed sustainability on their business agendas, with 

the twofold aim – making contribution to society and gaining financial profits and advantage 

over competition 40. However, the link between what companies really do in terms of 

sustainability and how consumers see it is often blurred and unclear. Interbrand’s annual Best 

Global Green Brands report 41 indicated two types of gaps between corporation’s 

environmental practices and consumers’ perceptions – positive and negative – where the first 

one refers to higher sustainable performance than the perception of consumers of those 

practice really is, and vice versa (in the case of negative gap). The main reason for this 

inconsistency is consumer confusion compounded by “greenwashing” 42 – the practice of 

misuse and forgery of the concept of sustainability, the green movement and manipulation in 

the field of ecology 43 – that rises question of trust and confidence in the company and their 

products, and usually results with loss of will and enthusiasm of consumers to engage in eco-

friendly behavior and waiting for someone else to fix the problem 44. In this respect, 

creating appropriate green brand strategies is required in order to reduce the gap and 

accelerate for large-scale adoption of sustainable behavior of all members of the community. 

Nonetheless, greening its strategy, companies and brands avoid the risk of obtaining 

disapproved outlook and unfavorable attitudes in consumers’ eyes 45. 

ESSENTIALS OF SUCCESSFUL SUSTAINABLE BRANDING STRATEGY 

In branding context, proper implementation of sustainability concept into society requires 

strong brands and comprehensive strategy. Best positioned and trustful brands are most 

inspirational, most influencing and with the ability to induce mass resonance and action 44. 

On the other hand, appropriate strategy maximizes brands’ impact, in best way fit 

“greenness” in consumers’ lifestyle and trigger not just green audience but has much wider 

extent 44. Likewise, it brings additional value to an individual and unequivocally inform 

consumers about all benefits of green brands purchase 22. 

Suitable sustainable branding strategy includes changes in various marketing strategy areas, 

such as product production, design, packaging and positioning, communication with target 

market, etc. 10. Environmentally friendly materials, reduction of paper usage and carbon 

emissions 46, creating public awareness and actions toward waste reduction 47 and 

educating people about sustainable products benefits 48 all together increase company 

strategy visibility and the chances for buying environmentally-friendly brands. Various 

sustainable marketing activities that can improve and strengthen brand image and marketing 

performance are presented in Figure 2. 
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Figure 2. Linking sustainability with Brand perception and marketing performance 10; p.129. 

Moreover, marketing strategy must be allied with overall business strategy. Environmental 

culture should permeate all organization sectors, which understand, collaborate and recognize 

importance of brand green orientation 49. This points out the significance of observing 

internal structures and all employees as the starting point in terms of education, support and 

proper implementation of sustainability concept 50. The best way for making brand ambassadors 

is creation of strong ties between a brand and both employees and consumers 51. However, 

the most challenging area in green branding is dealing with the gap between company’s 

performance and consumer perception 41. Thus, company’s performance should be 

demonstrated through clear explanation how organization source, produce, and distribute 

products and services in sustainable-responsible manner, while consumer perception should 

be built among key consumers through credible and permanent communication of crucial 

benefits of sustainable practices. 

Likewise, it is important to understand full context of consumer socially responsible 

behavior. Consumer decision regarding sustainable brands is based on three connections 52: 

1.) consumer and environmental sustainability, 

2.) brand and environmental sustainability, 

3.) consumer and brand. 

Consumer acceptance of and positive attitudes toward sustainable brands depends on available 

green information and their procession by individual, as well as “sustainability fit within brand 

schema, consumer motivation and strength of relationship with the brand” 52; p.31. Given that 

the idea of “green” is often abstract and that sustainable issues are too broad, consumer 

motivation is driven mainly by their concern for those issues and belief that their contribution 

makes sense 6. In this sense, even though consumers hardly change their long-established 

habits, rational arguments can be useful 6. 

Green branding is more than eco-labeling 22. Convincing and sound communication is 

essential for the process – familiarity with company’s vision and tangible action plan for 

making a change is the basis for motivation of consumers and reaching their minds and 

hearts 53. Emotional connection created through green positioning provide three different 

types of values for consumers 54; p.18: 1) “a feeling of well-being” – finding personal 

satisfaction in contribution to the “common good”; 2) “auto-expression benefits” – finding 

personal satisfaction in socially visible consumption and acquisition of environmentally 
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conscious image; and 3) “nature-related benefits” – love toward nature as the main trigger for 

satisfaction. 

Observation of different segments on the market and their affinities toward sustainable 

behavior was also conducted by Lippincott 15. They identified six profiles of eco-conscious 

consumers 15; p.9: 1) campaigners (accept the issue and want to contribute, but are 

pessimistic about the change), 2) optimists (accept the issue, want to contribute and believe in 

change), 3) followers (ready to change, but not fully accept the issue), 4) confused (neutral 

and confused, but open-minded), 5) unwilling (accept the issue, but not ready to change), 

and 6) rejecters (informed, but don’t want to change). Wining “heads, wallets and hearts” of 

consumers demands “insight into consumer practice” as a framework for “developing 

sustainable brand propositions and delivering and communicating green values” 20. 

There are various criteria for establishing successful sustainable brand strategy, like 

uniqueness, innovativeness, co-creation of sustainable value, and “accurate and clever 

communication 22; p.53. However, common thread that links all successful brands, 

regardless of whether they are green or conventional, is understanding “what matters to 

people in their lives, how and in what direction culture is changing, how to lead rather than 

follow and how to ‘walk the talk’ of brand integrity” 6; p.16, and those are mainstream 

rules for each successful brand strategy. In the era of environmental concern and 

sustainability on the top of business and society agendas, it is both an obligation and an 

opportunity for companies to enhance their brands’ performance and enlarge brand equity. 

CONCLUSION 

This article examines how branding theory and practice evolve in modern business 

environment where sustainability has been set as a major global issue. In this sense, strong 

brands have been seen as a powerful driver of changes towards sustainable behaviour patterns 

of both companies and consumers. However, fitting internal cultures and brand image is the 

main challenge organisations face in identifying the most effective strategies 55. Thus, 

maximizing brands’ impact requires comprehensive green branding strategy that calls for 

multiple modifications in marketing policy and organisational culture.  

Previous studies in the field of sustainable branding were the bases for the examination 

conducted in this article. Dealing with the attitude – behaviour gap, marketing communication 

and education with the aim of fitting greenness into consumer lifestyle, finding value in 

consumption and building trust between brand/company and consumers are some of the 

leading topics that should be addressed in order to create public awareness and green 

behaviour patterns. 

As shown, introducing sustainable brand management into the business practice has the 
potential to bring together multiple requests between consumers, companies and society, 
gaining win-win situation. This article presents both advantages of sustainable branding 
strategy and crucial elements in its implementation. Firstly, showing responsibility for the 
natural environment and “doing the right thing” directly and indirectly helping a company to 
achieve its strategic and economic objectives – companies should understand that they and 
society are inherently interdependent. Secondly, consumers are “drawn to brands they trust, 
brands that are different from the rest, innovative, that appeal to the emotions, that signify 
something intelligent or interesting about the user, and brands whose parent company 

behaves well” 6; p.12. They follow their favorite brands and are willing to identify with the 
brand values, messages and lifestyle that brand recommends. Loyal consumers are satisfied 
consumers and that is only that matters. And thirdly, sustainable brands, that reflect firm 
companies’ values and culture, can be a significant instrument for driving the change into 
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society with respect to environmental crisis. Achieving all this benefits demands linking 
sustainability with brand perception and marketing performance. 

However, scientific investigation of the sustainable branding practice is at very beginning. 
There is still not enough companies that actually implemented the sustainability concept into 
their business models and this is both the main limitation of the study and great opportunity 
for the future research. Understanding consumers, making business processes and brands 
green and inspiring broad audience to adopt sustainable behavior will be one of the main 
requests in the future and major antecedent of prosperous business. 
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ABSTRACT 

In this article, we propose a new methodology for solving the vendor selection and the supply quotas 

determination problem. 

The proposed methodology combines the Analytic Hierarchy Process (AHP) for determining the 

coefficients of the objective functions and a new multiple objective programming method based on 

the cooperative game theory for vendor selection and supply quotas determination. 

The proposed methodology is tested on the problem of flour purchase by a company that 

manufactures bakery products. 

For vendor selection and supply quotas determination we use three complex criteria: (1) purchasing 

costs, (2) product quality, and (3) vendor reliability. 
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INTRODUCTION 

The problem of vendor selection and supply quotas determination is increasingly becoming 

the key element in achieving competitive advantages in manufacturing companies. The 

manufacturing companies that purchase products for their production process must decide 

which vendors they should contract with and they must determine the appropriate order 

quantity for each vendor selected.  

In this article, we discuss the vendor selection problem of companies which purchase flour 

used for producing bakery products. Before the start of the selection process, decision makers 

(DMs) should define (1) the minimum and the maximum number of vendors from which they 

plan to purchase the flour, and (2) the maximum quantity purchased from an individual 

vendor. Here we propose a new methodology that combines two operational research 

methods: Analytic Hierarchy Process (AHP) [1], and a new multiple objective linear 

programming method [2]. The AHP method is used to reduce the complex criteria functions 

to simple ones determining the coefficients of complex criteria functions (quality and 

reliability), which present the coefficients of the objective functions in the multiple objective 

integer linear programming model providing the final vendor selection and the quantity 

supplied from a particular vendor. We use the multiple objective linear integer programming 

model with three objective functions: (1) purchasing costs, (2) vendor quality and (3) vendor 

reliability, and three constraints: (1) the total demand, (2) the minimum and maximum 

number of vendors and (3) the limitations of vendor capacities. In order to solve the multi-

objective integer linear programming (MOILP) model we use a new multi-objective 

programming method based on the idea of the cooperative game theory [2] and thus help 

DMs in the process of the MOILP model solving and finding the preferred solution.  

Generally speaking vendor selection and supply quotas determination is an important 

practical and scientific problem dealt with by numerous researchers. Great efforts have been 

made to define appropriate models for vendor selection and determination of supply quotas 

from the selected vendors and to apply the appropriate methods to solve such models. 

The literature dealing with vendor selection uses various methods. The AHP method in 

combination with linear and multi-objective linear programming methods has been used in 

many articles. For instance Ghodsypour and O’Brien [3] use the AHP method in combination 

with linear programming. Wang, Huang and Dismukes [4] use the AHP and goal 

programming. Kumar Shankar and Yadav [5] use the AHP method and fuzzy linear 

programming, while Kumar, Vrat and Shankar [6, 7] use only fuzzy goal programming with 

this aim. Perić, Babić and Veža [8] use the AHP and fuzzy linear programming to solve the 

vendor selection and the supplied quotas determination problem in a bakery. A smaller 

number of articles combine the revised weighting method and multi-objective linear 

programming methods. Perić and Babić [9] solve the vendor selection and the supply quotas 

determination problem by using the revised weighting method and fuzzy multi-criteria 

programming while Perić [10] uses the revised weighting method and a new multiple 

objective programming method to solve the vendor selection and the supply quotas 

determination problem in a bakery. In this artcle we use the AHP method and the new multi-

objective linear programming method based on the cooperative game theory to solve this 

problem. 

The main idea of the study is to create a new methodology for vendor selection and supply 

quotas determination to solve a specific problem, which would be more objective and easier 

to use than previously used methodologies. There are criteria which by their nature can be 

complex and have a hierarchical structure. It has been shown that those criteria can be 
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simplified by the application of the AHP method or the revised weighting method [10-12]. In 

our case, two complex criteria functions referring to quality and reliability are simplified by 

using the AHP method. In this way three objective functions (cost, quality and reliability) are 

formed. After that a multi-objective integer linear programming model is formed. When the 

number of objective functions is greater than two, it is not easy for the decision maker to 

choose the preferred solution. The problem becomes more complex when the number of 

decision makers (DMs) is greater than one. In the situations when several decision makers 

participate in the problem solving process, we suggest developing the process of obtaining 

the preferred solution according to the idea of cooperative games. To solve the problem of 

vendor selection and supply quotas determination we form the MOLIP model. In order to 

solve the MOLIP model we use the new MOLP method developed by Matejaš and Perić [2]. 

The rest of the article is organized as follows: First we present the methodology of vendor 

selection and supply quotas determination by using the AHP method, and a new multiple 

objective linear programming method based on the cooperative game theory. Then we test the 

proposed methodology on the real vendor selection problem of a bakery. In the conclusion 

we point to the advantages of using the proposed methodology in comparison to the use of 

similar methodologies. 

METHODOLOGY OF VENDOR SELECTION AND SUPPLY QUOTAS 
DETERMINATION  

In order to solve the vendor selection and the supply quotas determination problem we use 

the AHP method, and a new multiple objective linear integer programming method based on 

the cooperative game theory. The AHP method is used to simplify the complex criteria 

functions. The proposed methodology consists of the following steps: 

I) Selecting criteria for vendor selection, 

II) Applying the AHP method to simplify complex criteria functions,  

III) Building and solving the MOLIP model to determine marginal solutions, 

IV) Solving the MOLIP model by applying the new multiple objective linear 

programming method based on the cooperative game theory to reach the preferred 

solution of the problem.  

SELECTING CRITERIA FOR VENDOR SELECTION 

The selection of criteria for vendor selection presents the first step in the proposed 

methodology. Numerous criteria are listed in the literature and their selection depends on 

each particular problem [12]. The total purchasing costs in a particular period, product quality 

offered by particular vendors, and vendor reliability are presented as the most important 

criteria for vendor selection. Each of these criteria is presented through a number of sub-

criteria, which can further be expressed through a number of sub-sub-criteria, etc. This 

reveals the hierarchical structure of criteria for vendor selection, which enables the 

application of the AHP method aimed at solving the problem of complex criteria functions.  

ANALYTIC HIERARCHY PROCESS 

The Analytic Hierarchy Process (AHP) is one of the most outstanding multi-criteria decision-

making approaches. The AHP method [1] has a great importance in problem structuring and 

decision making. Its application allows an interactive creation of the problem hierarchy that 

serves as a preparation for the decision-making scenario. The next step is a pairwise 

comparison of the hierarchy elements (goals, criteria and alternatives) and eventually all the 

mutual comparisons are synthesized and weight coefficients for each element are determined. 
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The sum of weight elements on each hierarchy level is equal to 1 and allows the decision 

maker to rank all the hierarchy elements in terms of importance.   

In the AHP, multiple paired comparisons are based on a standardised evaluation scheme  

(1 = equally important; 3 = slightly more important: 5 = much more important; 7 = very much 

more important; 9 = absolutely more important). The result of the pairwise comparisons of n 

elements can be summarised in an nxn evaluation matrix A in which every element ija  is an 

estimate of the ratios of the relative weights, e.g. jiij w/wa  , where small errors in the 

consistency of judgements are acceptable. 

In the next step the largest eigenvalue max of the evaluation matrix has to be determined. It 

can easily be seen that max n  . The difference max n   can therefore be used as a measure 

of consistency and consistency index is     max / 1CI n n    . The consistency ratio (CR) 

is given by /CR CI RI , where RI is the random index (the average of 500 randomly filled 

matrices).  If this ratio is significantly small (about 10% or less), we accept the estimates 

obtained by this process. Otherwise, we attempt to improve inconsistency. 

Namely, the value is adopted as the consistency index (CI). This value is compared to the 

same index obtained as an average over a large number of reciprocal 

matrices    max / 1n n    of the same order, whose entries are random.  

The estimates of relative weights of elements on the corresponding level of a hierarchical 

structure will allow the calculation of local priorities (weights) of criteria, sub-criteria and 

alternatives, which are then synthesized into global priorities of alternatives. The global 

priority of an alternative is calculated by addition of its local priorities weighted with the 

weights of elements on the higher level.  

MULTIPLE OBJECTIVE LINEAR PROGRAMMING (MOLP) MODEL 

The general form of MOLP can be presented in the following way:  

If (x) ,  T

k kf c x ,  ,n T n

kx R c R   then 

   max ( ), 1,2,..., ,
x S

xkf k K


      (1) 

where  : 0, , .,S x x x b b
m n mnR A RA R        

Thus, the model (1) contains K linear functions and m constraints, with the variables which 

must be nonnegative. The variables of the model can be continuous, integer and binary or 

their combination. 

By solving the model (1) in such a way that each of the objective functions is separately 

maximized on the set S, we obtain marginal solutions of this model. Since the objective 

functions in MOLP models are mutually conflicting, the values of objective functions will be 

significantly different for marginal solutions. 

DMs almost certainly will not choose any of the obtained marginal solutions, but will look 

for a compromise solution which will satisfy their preferences towards objective function 

values. 

In order to find the preferred efficient solution, we can use a number of standard multi-

objective programming (MOP) methods (see [13]). However, those methods have different 
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efficiency and give different solutions, so the problem of choosing the appropriate method 

occurs almost always. 

A NEW ITERATIVE METHOD FOR SOLVING MOILP MODELS 

A new iterative method for solving multi-objective linear programming problems with one or 

more decision makers has been proposed by Matejaš and Perić in [2]. This method is based 

on the idea of the cooperative game theory [14; 15, pp.239-270] and helps decision makers 

significantly in the process of obtaining the preferred efficient solution. 

If several decision makers (players) optimize their utilities at the same time and on the same 

constraint set (budget), they can achieve their aspirations at different optimal points. If only 

one point should be chosen in those circumstances we have a multiple objective 

programming problem (MOPP), which is a problem frequently encountered in practice. It can 

be stated in the form, 

 max ( ), 1,2,..., ,
S

k
x

f x k K


   (2) 

where ( ), , 1,2,...,n

kf x x R k K   is the given objective function for a decision maker 

(player) k  ( Pk ) and nRS  is the given set (budget). If the objective functions are linear and 

the budget is a convex polyhedron (which means that it is defined as the intersection of linear 

constraints) then we have a multi-objective linear programming problem (MOLPP). In [2] an 

efficient method (MP-method) for solving such problems is presented. We shall briefly 

explain this method.  

It is natural that each player Pk  has his aspiration kd  which he wants to achieve ( ( )k kf x d ). 

The MP-method fully respects these aspirations under the frame of given possibilities (budget 

S ). For this purpose the desired budget D  is defined, 

  : 0, ( ) , 1,2,..., .D x x x
n

k kR f d k K       

The players are aware that they will probably fail to realize their aspirations fully. For that 

reason the shifted desired budget D is also defined, 

  : 0, ( ) , 1,2,..., , 0.D x x x
n

k kR f d k K          

Now, the method can be stated in a very simple form. We are looking for the largest   such 

that D S   (geometric form) or equivalently, 

 
 

( , )

1

max ,

( , ) : , 0, ( ) , 1,2,..., ,

x G

where G x R x S x
n

k kf d k K



     




  
  (3) 

which is a standard linear programming problem (LPP). The optimal solution   shows to 

which (minimum) extent all the players can realize their aspirations. If x  is the optimal point 

then the indicator 

(x )
, 1,2,...,k

k

k

f
k K

d



        (4) 

shows to which extent the player Pk  can realize his own aspiration. If k   then the 

realization is minimal. It is equal to the optimal one and the corresponding constraint is 
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active, (x )k kf d   . For k   the realization is better than the optimal one and the 

constraint is passive, (x )k kf d   . Thus, the indicators measure the reality of players’ 

aspirations and they can be used to improve the solution if it is unsatisfactory. Namely, the 

change of an aspiration in a passive constraint up to ( / )k k kd d     will not change the 

optimal solution while any change of an aspiration in an active constraint will immediately 

change it. It means that the aspirations of players with active constraints are set too high in 

comparison to others which prevent the solution from being better (larger). The optimal 

solution   can be improved, which means increased, by decreasing aspirations in active 

constraints. In this way the problem (3) represents one step of the method intended for 

solving the initial problem (2). If players are satisfied with the obtained solution, then the 

problem is solved. If not, then they need to redefine their aspirations and perform the next 

step of the method. The indicators k  help players make the right redefinitions ensuring the 

desired improvements.  

We see that the MP-method is an iterative method which is based on the principles of the 

game theory (cooperation among the players). It includes the basic step which may be 

repeated until the satisfactory equilibrium is attained. At each stage of the process the players 

can understand why they have obtained such a solution and what should be done to drive the 

solution in the desired direction. As a result, the players can adjust their aspirations until they 

reach the state of equilibrium which is satisfactory to everyone or until they detect that such a 

state does not exist. 

It is also important to note that the MP-method can be applied to the general MOPP (not only 

to the linear one). All conclusions concerning optimal points, indicators and possible 

iterations remain the same. But since (3) is not LPP any more, the numerical application 

would require further research on computational methods.  

CASE STUDY 

CRITERIA FOR VENDOR SELECTION 

Vendor selection and determination of supply quotas per each selected vendor is a multi-

criteria problem. Literature offers a large number of criteria that can be used in vendor 

selection. Which criteria will be chosen by a decision maker depends on the kind of problem 

to be solved. In this study we consider criteria that can be used by producers of bakery 

products when selecting flour vendors. More about the criteria can be read in [8]. 

DATA REQUIRED FOR VENDOR SELECTION AND SUPPLY QUOTAS 
DETERMINATION 

The following text presents an example of vendor selection for a bakery. It is to be noted that 

in the production of bread and bakery products, the purchase of flour is contracted for the 

period of one year, from harvest to harvest, which usually does not correspond to the calendar 

year. After the harvest, flour producers have the information on the available wheat quantity, 

price and quality which allows them to define the price, quality and quantity of flour they can 

supply in the subsequent one-year period. 

In the one-year period the bakery plans to consume 6 000 tons of flour Type 550. The 

company contacts 6 potential flour suppliers and defines the upper limit of flour supplied by a 

single vendor in the amount of 4 000 tons. The management have decided to sign supply 

contracts with at least two suppliers. Besides, they decided that the number of suppliers may 

not exceed four.  
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Table 1. Purchasing costs for flour Type 550. Source: Supplier offers. 

Vendor Purchasing price 

in euros/ton (B1) 

Transportation cost 

in euros/ton (B2) 

Total purchasing 

costs in euros/ton  

1 240 20 260 

2 215 25 240 

3 230 20 250 

4 275 15 290 

5 200 10 210 

6 260 35 295 

Table 2. Quality indicators for flour Type 550. Source: Supplier analysis. 

Quality indicators 
Criteria 

weights 

Vendor 

1 2 3 4 5 6 

General characteristics 

of flour (A1) 
(0,20) 

 

Moisture in % (B3) min (0,30) 14,2 14,56 13,6 14,1 13,09 14,85 

Ash in % (B4) min (0,20) 0,56 0,55 0,59 0,51 0,54 0,48 

Acidity level in ml/100 

grams (B5) 

min (0,10) 
1,8 1,8 1,6 1,8 1,5 1,5 

Wet gluten in % (B6) max (0,40) 26,5 26,8 29,4 24,6 24,7 28,7 

Farinograph (A2) (0,30)  

Water absorption in % 

(B7) 

max (0,40) 
60,2 56,3 57 56 57,8 55,8 

Degree of mellowness in 

FJ (B8) 

min (0,60) 
55 30 33 40 80 50 

Extensograph (A3) (0,30)  

Energy in cm
2
 (B9) max (0,40) 110 102,1 128 104,3 98 133 

Elasticity in mm (B10) max<190 

(0,30) 
163 146 167 161 175 165 

Resistance (B11) min (0,30) 380 400 605 390 330 395 

Amylograph (A4) (0,20)  

Peak viscosity in BU 

(B12) 

max (1,00) 
1110 1015 1255 1610 1126 1460 

Table 3. Vendor reliability indicators. Source: Croatian Financial Agency. 

Reliability indicators 
Criterion 

Vendor 

1 2 3 4 5 6 

Financial stability, indebtedness  

and liquidity (A5) 
(0,60) 

   

Coverage of fixed assets and stocks 

by capital and long term resources, 

(B13) 

max (0,20) 

1,15 0,90 0,85 0,80 

 

0,99 

 

1,18 

Share of capital in source of funds in 

%, (B14) 

max (0,10) 
51,46 20,7 41,0 55,77 40,2 37,6 

Indebtedness factor, number of years 

(B15) 

Min (0,10) 
8 20 15 16 12 15 

Total assets turnover coefficient 

(B16) 

max (0,10) 
0,68 0,50 0,55 0,40 0,45 0,60 

General liquidity coefficient (B17) max (0,30) 7,25 1,2 1,15 0,85 3,13 1,70 

Short term receivables collection 

period, in days (B18) 

min (0,20) 
95 111 92 69 80 87 

Performance indicators (A6) (0,40)    

Coefficient of total revenue and 

expenditure ratio (B19) 

max (0,20) 
1,07 1,04 1,03 1,01 1,02 1,05 

Share of profit in total income in % 

(B20) 

max (0,30) 
3,95 1,55 2,34 1,12 2,10 1,80 

Share of profit in assets in % (B21) max (0,20) 3,28 0,99 1,45 1,05 1,30 1,05 

Profit per employee in euros (B22) max (0,30) 7405 2560 1383 1705 2260 4206 
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The proposed prices of flour and transportation costs (Criterion C1) are shown in Table 1. 

The potential vendors should supply data on flour quality which they have to maintain 

throughout the contract period (Criterion C2). The vendors should also supply data on their 

reliability in an appropriate form (Criterion C3). Tables 2 and 3 indicate flour quality and 

vendor reliability. The weights expressing the relative importance of criteria and sub-criteria 

are given in brackets, and are determined by the decision makers where the sum of weights in 

every group of sub-criteria is 1 [10].  

APPLICATION OF ANALYTIC HIERARCHY PROCESS 

Taking into consideration the data from Tables 1, 2 and 3, a hierarchical structure of goals 

and criteria for vendor selection is formed. The hierarchical structure is shown in Figure 1. 

C1 C2 C3 

A1 A2 A3 A4 A5 

A

A

A5 

A6 

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 

S1 S2 S3 S4 

Figure 1. Hierarchical Structure of the Supplier Selection Problem [10]. 

S5 S6 

Vendor selection 

hierarchical structure  
 dobavljača 
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Figure 2. Weights of criteria and sub-criteria for the criterion quality. 

 

Figure 3. Weights of criteria and sub-criteria for the criterion quality. 

The calculated weights of supliers for quality and reliability criteria are presented in Figures 4 

and 5. The obtained weights present the coefficients of the quality and reliability objective 

functions respectively.  

 

Figure 4. Weights of supliers for the criterion quality. 
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Figure 5. Weights of supliers for the criterion reliability. 

MOLIP MODEL BUILDING AND SOLVING 

Taking into consideration the data on the normalized coefficient weights with the cost 

variable, weights of suppliers for quality and reliability criteria functions (obtained from the 

AHP method application), the total demand for flour in the given period, limited quantities 

supplied by single vendors and the constraint of the minimum and the maximum number of 

vendors, the following MOLIP model is formed: 

 1 2 3max ( ), ( ), ( )
x S

x x xf f f


     (7) 

where  

f1(x) = 0,168285x1 + 0,15534x2 + 0,161812x3 + 0,187702x4 + 0,135922x5 + 0,190939x6,  

f2(x) = 0,131x1 + 0,160x2 + 0,231x3 + 0,142x4 + 0,139x5 + 0,197x6,  

f3(x) = 0,365x1 + 0,074x2 + 0,093x3 + 0,116x4 + 0,181x5 + 0,170x6,  

and 
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yj are artificial binary variables and they show us whether a supplier j has been chosen. These 

variables are related to variables xj, in such a way that if the problem solution contains the 

variable xj, then the variable yj must equal 1, and if in the problem solution the variable xj is 

zero then yj must also be zero, and vice versa. M is a very big number, and min

jx  (j = 1, 2, ..., 6) 

is the minimal value which the variable xj can have if the variable yj is included in the solution. 

The model (7) is first solved by the linear integer programming method using the Microsoft 

Excel Solver optimizing separately each of the three objective functions on the given set of 

constraints. The results are given in Table 5: 

Table 5. Payoff values. 

Solution f1(x) f2(x) f3(x) 

max f1(x)  1159,58 876 872 

max f2(x) 964,714 1318 712 

max f3(x) 1054,818 802 1822 

Table 5 shows that the objective functions have different values when we separately 

maximize objective functions on the given set of constraints. So the function f1(x) has values 
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between 964,714 and 1159,58, the function f2(x) between 802 and 1318, and the function 

f3(x) between 712 and 1822. Therefore, the decision makers have three conflicting goals and 

they have to choose a compromise solution.  

The proposed methodology for vendor selection and supply quotas determination uses the 

MP method which is based on the idea of the cooperative game theory.  

The process of the vendor selection and solving the supply quotas determination problem by 

applying the MP method starts by informing the DMs (players) Pk ( 1,2,..., )k K  on the 

maximal and minimal values of the objective functions.  

964,714   f1   1159,58      (8) 

802   f2   1318       (9) 

712   f3   1822       (10) 

After informing the decision makers on the highest and the lowest value of their objective 

function, the decision makers determine the initial acceptable value of their objective 

functions. In the first stage the decision makers have determined the following acceptable 

values for their objective functions: f1 = 1150, f2 = 1300, f3 = 1600. It is normal that each 

decision maker aims to achieve the maximum value of its objective function. The DMs know 

that they can hardly reach the determined acceptable level from the first step. The final 

acceptable level of the objective function values should be reached after several steps of the 

method application, which requires an active participation of the DMs and negotiations in the 

process of problem solving. 

In the second stage of the method application the following integer linear programming 

model is solved: 

( , )
max
x G 

        (11) 

where 
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The following solution has been obtained:  

Table 6. The solution of stage 2, step 1. 

Solution Variable values f1 f2 f3 1   2   3   

I x1 = 2905,374, 

x3 = 3094,626,  

  = 0.842664, 

x2 = x4 = x5 =  

= x6 = 0,  

1026,852 985,383 1120,204 0,867 0,843 0,843 

Note: The indicators k  (k = 1, 2, 3) are calculated using (4). 

The DMs were not satisfied with the obtained solution. 

In the second step of the method the decision makers determine new reduced aspiration levels 

(Values 2 3 0.843       suggest decreasing the aspiration level value of the decision 

makers 2 and 3.). They agreed to determine: d1 = 1150, d2 = 1200, d3 = 1400.  
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After solving the model (11) with the changed constraints, 2 1200f    instead of 2 1300f   , 

3 1400f    instead of 3 1600f   , the following solution has been obtained: 

Table 7. The solution of stage 2, step 2. 

Solution Variable values f1 f2 f3 
1   2   3   

II x1 = 2115,396  

x3 = 3884,604,  

  = 0,95556, 

x2 = x4 = x5 =  

= x6 = 0 

1002,612 1174,46 1133,388 0,872 0,979 0,872 

After the second step, only the DM1 was not satisfied with the obtained solution. The 

decision makers agreed that the DM2’s acceptance level should not be less than 1174,46, and 

that the increase of the value of the function f1 should be achieved by decreasing the 

acceptance level of the function f3. 

Step 3. In this step the DMs have agreed to reduce the value of the function f3 to 1200. 

After solving the model (11) with the changed constraints 2 1174.46f   instead of 2 1300f    

and 3 1200f    instead of 3 1600f    the following solution has been obtained: 

Table 8. The solution of stage 2, step 3. 

Solution Variable values f1 f2 f3 
1   2   3   

III x1 = 2000,  

x3 = 4000, 

  = 0,8725, 

x2 = x4 = x5 =  

= x6 = 0 

1003,364 1186 1102 0,873 1,01 0,918 

The DM 1 was not satisfied with the obtained value of the function f1. The DM 3 has 

decreased the acceptance level of the function f3 to 1000.  

Step 4. After solving the model (11) with the changed constraints 2 1174.46f   instead of 

2 1300f    and 3 1000f    instead of 3 1600f    the following solution has been obtained: 

Table 9. The solution of stage 2, step 4. 

Solution Variable values f1 f2 f3 
1   2   3   

IV x1 = 2000, 

x3 = 4000,  

  = 0,8725, 

x2 = x4 = x5 = x6 = 0 

1003,364 1186 1102 0,873 1,01 0,918 

However, decreasing the acceptance level of the function f3 did not change the previous 

solution. The DMs agreed to continue decreasing the acceptance level of the function f3 to 

880. 

Step 4. After solving the model (11) with the changed constraints 2 1174.46f   instead of 

2 1300f    and 3 880f    instead of 3 1600f    the following solution has been obtained: 

 

 

 

 



Vendor selection and supply quotas determination by using the analytic hierarchy process … 

 

101 

Table 10. The solution of stage 2, step 5. 

Solution Variable values f1 f2 f3 
1   

2   
3   

V x3 = 3700,652, 

x5 = 2299,348,  

  = 0,86403 

x1 = x2 = x4 =  

= x6 = 0 

1090,587 1174,46 1102 0,948 1,00 0,864 

The DMs have accepted the obtained solution. Therefore after only five steps the preferred 

solution has been obtained. Thus the solution process has been completed. 

It should be noted that the method presupposes that the DMs know or can determine the 

acceptable level of their objective functions. The solution process ensures obtaining the 

preferred efficient solution in the minimal number of steps. 

To show that the proposed methodology is better than the application of standard MOILP 

methods in solving this problem, the model (7) has been solved by the   Constraints 

MOILP method [13, pp.250-252]. First, function f1 has been maximized, while functions f2 

and f3 are put into the constraints set, gradually reducing the value of their objective functions 

in the constraint set, then function f2 has been maximized with functions f1 and f3 in the 

constraints set, gradually reducing their goals, and at the end function f3 has been maximized, 

while the functions f1 and f2 are included into the constraint set, gradually reducing their 

goals. In this way a large number of efficient solutions have been obtained. The set of 

efficient solutions has been presented to the DMs. However, for the DMs it was very difficult 

to choose the preferred solution. 

CONCLUSION 

This article presents a new methodology for vendor selection and supply quotas 

determination by means of the AHP method and a new multi-objective linear programming 

method based on the cooperative game theory. The results of the research carried out in a 

bakery business indicate a high performance of the proposed methodology in vendor 

selection and supply quotas determination. 

The methodology has a number of advantages compared to the previously applied techniques 

for solving the same problem. Namely, the AHP method can be efficiently applied for 

reducing complex and hierarchical criteria quality and reliability to simpler forms. Applying 

the new MOLP method decision makers can actively participate in the whole process of the 

supply quotas determination. This method guaranties obtaining the preferred solution in a 

finite number of steps and it can be used when there is a large number of decision makers. 

The efficiency of the proposed methodology is tested on a practical case of one year flour 

purchasing for a company that produces bakery products. The simplicity of the proposed 

methodology and decision makers’ high level confidence of the obtained results were the 

main advantages of the applied methodology. When solving the MOIFP model by using the 

new method, decision makers are actively included in the process of finding the preferred 

solution. If some of them are not satisfied with the obtained solution they know where the 

‘problem’ is, i.e. who should reduce the aspiration level so as to enable the unsatisfied ones to 

improve their objective function value. Here decision makers choose the preferred solution in 

the process of negotiations among themselves and by solving an integer linear programming 

problem through a finite number of steps. 

Further improvements of the proposed methodology of vendor selection and the supply 

quotas determination problem in terms of a dynamic process and a simultaneous application 
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of quantity discounts as well as a discount of quantity value in a particular period will be the 

subject of the future research. 
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ABSTRACT 

Objective of the study was to investigate what managers think about the impact of Web 2.0 

technologies on business operations. The empirical research was conducted among top and middle 

managers in companies in Bosnia and Herzegovina during May and June 2015. The results show that, 

although all respondents do not use these technologies, they have a relatively positive opinion on the 

application of Web 2.0 technologies in business. According to their opinion, Web 2.0 technologies 

make the most important contribution to data and information sharing in company and have a 

significant impact on the quality of communication, both internal and external.These results 

encourage further research on the application of Web 2.0 technologies in business and the use of all 

the advantages and benefits they can provide to someone actively using them. 
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INTRODUCTION 

Web 2.0 is usually said to be a philosophy of mutually increasing collective intelligence and 

added value for each participant by dynamic information creation and sharing [1]. In a 

dynamic environment like this, users control their online experience and at the same time 

influence experiences of other users, achieving a number of benefits. Web 2.0 means a set of 

technologies such as Wiki systems, blogs, Web 2.0 social bookmarking applications, Web 2.0 

podcasting applications, social networks, virtual worlds etc., applicable in different fields. It 

is reported as being most frequently and extensively used in education [2, 3], but its 

application for business purposes is becoming significantly stronger since companies achieve 

and maintain success through a number of positive aspects of their application. Thus, various 

Web 2.0 technologies are used today in libraries [4-6], in geographic information systems [7], 

in electronic banking [8, 9] etc. As for its use in the profit sector, or for business purposes, the 

application for marketing purposes is found to be the most extensive one, but the literature 

also contains examples of the application of web 2.0 technologies in finances and human 

resources. A more pervasive access to Web 2.0 technologies from the standpoint of business 

operations over the past 6-7 years has facilitated the development of new business models 

and strategies influencing how decisions are made in companies and affecting the ways they 

connect and communicate with suppliers and buyers.  

The main characteristic of Web 2.0, compared to previous generations of Web technologies, 

is allowing two-way interaction between users. The older Web technologies enabled one-way 

communication based on the publication of various content available to everyone with 

Internet access. Web 2.0 provides two-way communication, but the consequence is more 

complex architecture. However, two-way and "live" communications have became standard; 

and Internet users have utilized them on daily basis. The next generation of Web 

technologies, Web 3.0, brougth new features. For example, Web 3.0 enables to users creating 

of intelligent user interface with recognizing capabilities and adaptive system behaviour for 

communication. The purpose of these technologies is to reduce gap between real and virtual 

world and to enable managining of virtual reality by the power of human mind. 

Advantages and benefits of using Web 2.0 technologies in business, most often mentioned in 

literature, are the following [10-15]: encouraging and strengthening collaboration both within 

and outside the organization and changes in the way of interaction between all stakeholders, 

increasing the visibility and influence of the company, expanding the range of users of 

existing business applications of the company, flexible networking and simpler 

administration, help with data search, higher and better level of information. 

Certainly, it is impossible to say that the application of these technologies in business does 

not have disadvantages too. As experiences of big companies, which use Web 2.0 

technologies in their bussines activities, show, the main disadvantage of Web 2.0 

technologies is reduced security. It is primarily related to the weak protection of confidential 

data from unintentional or intentional breaches with serious consequence that this data can be 

availabe to unauthorized persons. The additional problem is the lost of control over published 

content. Once published on the Web, content become subject to misinterpretation and misuse. 

Also, increased digitalization and intensive use of Internet bring different malware threats. 

The consequence of these treaths are more serious in Internet environment. However, past 

experience indicates that benefits do prevail, and are usually reflected in higher productivity, 

efficiency and effectiveness of operations, better results and guaranteed survival to which, 

eventually, the company strives. Therefore, it is no surprise that large global companies but 

also smaller enterprises in different parts of the world have recognized many of the above 
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advantages and benefits that Web 2.0 brings into business and implemented them in their 

daily operations very successfully encouraging others with their experience to follow suit. 

It is indisputable that the use of Web 2.0 technologies will grow significantly, regardless of 

what technology, in what form and for what purpose may be the case, requiring continuous 

adjustment of companies and development of new business models.  

Based on the described benefits and positive aspects associated with Web 2.0 technologies in 

literature, it is needed to investigate what managers (top and middle) think about the impact 

of Web 2.0 technologies on business operations.  

The objective of the research was set accordingly: to investigate the views of managers of 

companies in Bosnia-Herzegovina on positive aspects of the application of Web 2.0 

technologies in everyday business.  

At the beginning of the paper is explained what are Web 2.0 technologies, where they are 

used and what are the advantages and disadvantages of their use in everyday business. Also, 

the methodology of the study is described; presented and discussed the results and pointed 

out some concluding remarks.  

METHODOLOGY 

The empirical research was conducted in companies and institutions in Bosnia and 

Herzegovina during May and June 2015. The sample consisted of 127 top and middle 

managers in B&H companies. The sample consisted of 127 top and middle managers in B&H 

companies. Online survey has been conducted (questionnaire was prepared in Google 

Forms), a link to access the survey was sent to 317 e-mail addresses. In total, 135 

questionnaires were collected, and after a logical analysis, 127 of them were accepted for 

further analysis. The return rate is 40,063 %. The criterion for inclusion of companies in the 

study was not set up, questionnaires were sent to all companies regardless of their 

characteristics (size, activity, structure, ownership, etc.). The criterion of participation of 

respondents from companies was set up through the organizational structure - only owners, 

directors, managers (regardless of the hierarchical level works), head of the 

department / sector / office could participate in study.  

Questionnaire consisted of two main parts was used. The first part of the questionnaire 

consisted of basic information on respondents (managers) and the companies in which they 

worked - gender, age, professional qualifications, daily use of the Internet, self-assessment of 

IT knowledge, use of Web 2.0 technologies in private life, workplace, company size, primary 

activity, the degree of formalization and application of Web 2.0 technologies in daily 

business operations. These questions were designed in the form of closed questions. The 

second part of the questionnaire contained a set of 22 statements (Table 1) on the contribution 

of Web 2.0 technologies to daily operations of companies and the ways in which they affect 

internal and external operations. The statements were rated on a scale from 1 to 5 (strongly 

disagree (1) ... (5) strongly agree). 

Table 2. Statements on the contribution of Web 2.0 technologies to company operations. 

Code Statement - Application of Web 2.0 technologies in the company 

S1 … contributes to the company’s performance 

S2 … improves staff efficiency 

S3 … facilitates project management 

S4 … facilitates decision-making 

S5 … facilitates task completion control 

S6 … provides better communication within the company 
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Code Statement - Application of Web 2.0 technologies in the company 

S7 … provides better communication with partners and stakeholders 

S8 … shortens the communication chain 

S9 … reduces conflicts within the organization 

S10 … facilitates communication between the organizational structures 

S11 … facilitates information sharing 

S12 … allows better information management 

S13 … can shorten information exchange paths 

S14 … facilitates realization of meetings 

S15 … facilitates staff training 

S16 … improves the level of information 

S17 … helps reduce communication costs 

S18 … helps reduce costs generally 

S19 … can reduce and improve the organizational structure of the company 

S20 … improves the organization’s visibility 

S21 … helps provide user support 

S22 … improves the image of the organization 

In the beginning of the questionnaire it was shortly described what is meant by Web 2.0 

technologies and what kinds there are. 

In total, 135 questionnaires were collected, and after a logical and technical analysis, 127 of 

them were accepted for further analysis. The collected data were subjected to descriptive 

statistical analysis using the program Microsoft Office Excel 2007. Results are presented as 

absolute (f) and relative frequencies ( %), mode (D), mean (M), standard deviation (SD), 

coefficient of variation (CV), median (C), interquartile range (IQ). Mann-Whitney U test was 

used for detecting the differences between the group of managers. 

RESULTS 

The results show that men account 69,3 % of the sample. Almost 80 % of the respondents are 

younger than 45 years (18,9 % are younger than 30 years). The respondents are relatively well 

educated: 63 % have a university degree, and 22,0 % have a MSc or PhD degree. Slightly less 

than half of the respondents (47,2 %) reported using the Internet up to one hour a day for 

leisure activities, while almost ¾ use the Internet up to two hours a day. As for the use of the 

Internet for business purposes, the results show that 51.2 % of the respondents spend almost a 

third of their daily work time on the Internet. Slightly less than ¾ of respondents use Web 2.0 

technologies in private life. For their IT knowledge, most of the respondents gave themselves 

ratings 3 (39,4 %) and 4 (44,1 %) - the mean was 3.75 (range 1-5, SD=0,723, CV=19,28 %). 

As for the distribution by workplace, 63.8 % are heads of departments, offices or sectors, 

25,3 % of them identified themselves as managers, and 11.0 % are owners. 

Characteristics of the companies from which the respondents come are the following: 

 Time of establishment: 43,9 % of the companies were established between 1990 and 2000, 

24,3 % were established before, and 31,8 % were established after that period. 

 Primary activity: 61,4 % of the respondents come from service companies, 23,6 % from 

manufacturing companies, and the rest from companies that are equally engaged in 

production and sale.  

 Number of employees: most companies in the sample have up to 50 employees (47,7 %), 

17.8 % have more than 1,000 employees, 21,5 % have between 50 and 250, and others 

have between 250 and 1000 employees. 
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 Company size: approximately ¼ of them come from each small and medium enterprises, 

39,4 % from large enterprises and 11,0 % from micro-enterprises. 

 Ownership and ownership structure: 57.0 % of the companies are privately owned, 29,0 % 

are owned by the state, 10,3 % have mixed ownership, while 4 companies stated the 

answer Other. Domestic owners prevail in 75,7 % of the companies, 19,6 % reported 

foreign owners as being predominant, while the proportion of ownership is relatively 

balanced in 4,7 %. 

 The degree of formalization: Almost ¾ of the respondents stated that their company has 

partial formalization, i.e. employees have partial freedom in solving tasks. 18,1 % stated 

that their companies operate with full formalization, i.e. employees do not have freedom in 

solving tasks, while other 11,8 % reported working without any formalization, i.e. there is 

a full freedom in solving business tasks.  

As for the application of Web 2.0 technologies in daily business operations, it was established 

that 58 out of the 127 respondents (45,7 %) reported some of the Web 2.0 technologies being 

used in their companies. These respondents also answered the question which Web 2.0, 

technologies these were, and business social networks were found to be relatively well 

represented (60,3 %). They are followed by collaborative activities (24,1 %), blogs for 

employees (20,7 %), blogs for partners and associates (15,5 %) and virtual worlds, Wikis and 

RSS (12,1 % each), with significantly lower percentages. Mash-up is used least (1,7 %), 

while none of the respondents reported using workspaces. 

Results of the analysis of ratings assigned to statements on the contribution of Web 2.0 

technologies to company operations are shown in Table 2. 

After it was established what managers, observed as a sample, think about Web 2.0 

technologies in business, their attitudes considering past experiences in the use of Web 2.0 

technologies were examined. Therefore, the differences in respondents' views considering the 

past use of Web 2.0 technologies in the companies were analyzed. As the question "Are Web 

2.0 technologies used in your company/organization?" had three offered answers, 1) Yes, 2) 

No, and 3) Don't know, 16 respondents who answered Don't know were excluded from the 

comparison. The group of respondents whose organizations use Web 2.0 technologies in 

business operations consists of 58 managers, and the group of respondents whose 

organizations do not use Web 2.0 technologies in business operations consists of 53 

managers.  

Results of the comparison of attitudes of managers on the contribution of Web 2.0 

technologies to company operations considering the past use of Web 2.0 technologies in the 

company (use vs. don't use) are presented in Table 3. 

Table 2. Attitudes of managers on the contribution of Web 2.0 technologies to company 

operations. D – mode; C – median; IQ – interquartile range; M – mean; SD – standard 

deviation; CV – coefficient of variation; NA – not agree (marks 1 and 2); NO – no opinion 

(mark 3); A – agree (marks 4 and 5). 

Code Min-Max D C [IQ] M±SD 
CV  

(%) 

% (n=127) 

NA NO A 

S1 1-5 4 4 [2] 3,95±0,91 23,1 5,5 25,2 69,3 

S2 1-5 4 4 [1] 3,74±0,93 24,8 7,1 30,7 62,2 

S3 1-5 4 4 [1] 4,13±0,89 21,6 3,9 19,7 76,4 

S4 1-5 4 4 [2] 3,89±0,91 23,4 6,3 23,6 70,1 

S5 1-5 4 4 [2] 3,94±0,89 22,6 3,9 26,0 70,1 

S6 1-5 4 4 [1] 4,10±0,86 21,0 2,4 20,5 77,2 

S7 1-5 4 4 [1] 4,04±0,86 21,3 4,7 15,7 79,5 
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Code Min-Max D C [IQ] M±SD 
CV  

(%) 

% (n=127) 

NA NO A 

S8 1-5 4 4 [2] 3,77±1,09 28,8 12,6 22,8 64,6 

S9 1-5 4 3 [1] 3,38±1,05 31,2 19,7 32,3 48,0 

S10 1-5 4 4 [2] 3,83±0,92 24,0 6,3 28,3 65,4 

S11 1-5 4 4 [1] 4,24±0,80 18,9 2,4 13,4 84,3 

S12 1-5 4 4 [1] 4,09±0,86 21,1 3,9 18,9 77,2 

S13 1-5 4 4 [1] 4,05±0,86 21,3 5,5 15,7 78,7 

S14 1-5 4 4 [2] 3,84±1,01 26,4 10,2 22,8 66,9 

S15 1-5 4 4 [2] 3,76±1,00 26,6 10,2 29,1 60,6 

S16 1-5 4 4 [1] 4,19±0,80 19,2 1,6 17,3 81,1 

S17 1-5 4 4 [1] 4,11±0,88 21,5 3,1 19,7 77,2 

S18 1-5 4 4 [2] 3,85±1,01 26,2 7,9 26,0 66,1 

S19 1-5 4 4 [1] 3,81±0,93 24,6 6,3 28,3 65,4 

S20 1-5 4 4 [2] 3,95±0,90 22,9 3,9 24,4 71,7 

S21 1-5 4 4 [2] 3,97±0,85 21,5 3,1 26,0 70,9 

S22 1-5 4 4 [1] 4,12±0,88 21,3 3,1 18,9 78,0 

Table 3. Attitudes of managers on the contribution of Web 2.0 technologies to company 

operations considering the past use of Web 2.0 technologies in the company (use vs. do 

not use). U – use, NU – not use, M – mean, SD – standard deviation, CV – coefficient of 

variation, D – mode, C – median and IQ – interquartile range. 

Code 
M±SD CV (%) D C [IQ] 

P* 
U NU U NU U NU U NU 

S1 4,36±0,81 3,64±0,90 18,57 24,74 5 3 5 [1] 4 [1] <0,001 

S2 4,14±0,83 3,40±0,93 19,96 27,29 4 3 4 [1] 3 [1] <0,001 

S3 4,45±0,84 3,98±0,84 18,91 21,18 5 4 5 [1] 4 [2] 0,001 

S4 4,22±0,84 3,62±0,90 19,85 24,94 4 4 4 [1] 4 [1] <0,001 

S5 4,21±0,83 3,74±0,90 19,79 24,14 4 4 4 [1] 4 [1] 0,002 

S6 4,40±0,79 3,91±0,84 18,05 21,46 5 4 5 [1] 4 [1] 0,001 

S7 4,24±0,87 4,00±0,76 20,39 18,99 4 4 4 [1] 4 [0] 0,034 

S8 4,09±1,14 3,62±0,90 27,99 24,94 5 4 4 [1] 4 [1] 0,002 

S9 3,60±1,06 3,25±0,96 29,38 29,55 4 3 4 [1] 3 [1] 0,054 

S10 4,09±0,92 3,68±0,85 22,59 23,10 4 4 4 [1] 4 [1] 0,008 

S11 4,45±0,71 4,17±0,80 15,85 19,24 5 4 5 [1] 4 [1] 0,049 

S12 4,36±0,81 3,94±0,80 18,57 20,15 5 4 5 [1] 4 [1] 0,002 

S13 4,29±0,84 3,98±0,77 19,52 19,39 4 4 4 [1] 4 [0] 0,012 

S14 4,19±0,87 3,70±0,99 20,71 26,82 4 4 4 [1] 4 [1] 0,005 

S15 3,97±1,04 3,57±0,95 26,29 26,67 4 3 4 [2] 3 [1] 0,017 

S16 4,36±0,72 4,11±0,82 16,46 20,04 4 4 4 [1] 4 [1] 0,092 

S17 4,34±0,95 3,98±0,77 21,79 19,39 5 4 5 [1] 4 [2] 0,003 

S18 4,12±1,03 3,74±0,98 24,93 26,33 5 4 4 [1] 4 [1] 0,018 

S19 4,16±0,93 3,51±0,87 22,45 24,75 4 4 4 [1] 4 [1] <0,001 

S20 4,17±0,92 3,79±0,82 22,06 21,55 4 4 4 [1] 4 [1] 0,004 

S21 4,17±0,90 3,91±0,79 21,59 20,25 4 4 4 [1] 4 [1] 0,039 

S22 4,40±0,86 3,92±0,80 19,50 20,51 5 4 5 [1] 4 [1] <0,001 
*Mann-Whitney U test 

DISCUSSION 

Results in table 2 show that the respondents, or managers and heads of different 

organizational levels, have a relatively positive attitude toward the application of Web 2.0 

technologies in business operations. According to calculated means, all respondents most 
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strongly agree that Web 2.0 technologies facilitate information sharing (S11) and, 

consequently, arguably improve the level of information (S15) - means are 4,24 and 4,19, 

respectively. The above statements also have the highest percentage of agreement among 

respondents - 84,3 % and 81.1 % of the respondents rated them 4 and 5. Apart from these 

statements, an additional number of statements have the mean higher than 4, which indicates 

that respondents believe that Web 2.0 technologies provide better communication within the 

company, but also with partners and stakeholders, and offer better information management 

while reducing information exchange pathways. The mentioned advantages result in reduced 

communication costs, which the respondents emphasized as one of the most significant 

benefits of doing business with the help of Web 2.0 technologies.  

As for the said advantages for the communication process, it should be noted that they apply 

not only to everyday communication, but also to specific "forms", i.e. improvements in 

communication lead to easier management of projects involving different people. This is also 

very logical because projects can be implemented by project teams formed by different 

departments from a single location area as well as by people from similar departments that 

are geographically rather far apart. It is much easier to implement a project in these 

situations, in particular its initial phases of analysis and planning, because when using Web 

2.0 technologies, participants are not required to be at the same time in the same place, which 

often requires additional expenses. Similarly, work on the same documents is much easier 

without unnecessary complication and duplication of various documents. Besides, it should 

be noted that, in past, teleworking and performing tasks without physical presence of 

involved parties very often required expensive equipment which is used to establish a video 

conference, while today for such a type of interconnecting it is enough to have a personal 

computer and appropriate applications from the Web 2.0 spectrum installed on it. 

Another mean greater than 4 is noted in the statement that the application of Web 2.0 

technologies in business improves the image of the organization (S21). This is 

understandable because a high-quality organization and a well-organized both internal and 

external communication present the company in a good light, which creates a positive 

reaction in clients and future partners.  

Other statements, except the statement S9: "The application of Web 2.0 technologies in the 

company reduces conflicts within the organization" have an mean between 3,5 and 4, while 

agreements of respondents range between 60 % and 70 %. These results indicate that the 

positive aspects of the application of Web 2.0 technologies in business operations are 

relatively well recognized among the respondents. Here, it should be noted that the rest of the 

respondents, who disagreed with certain statements, consists of two groups of respondents: 

the respondents who really disagree with the statements and the respondents who do not have 

an opinion, or those who gave statements the rating 3, which does not reflect either an 

increased agreement or increased disagreement. A more detailed inspection of results of these 

respondents established that their disagreement is around 10 %, except in the case of the 

statement S8, for which it was found that 12,6 % of the respondents believe that Web 2.0 

technologies do not lead to shorter communication channels. Although respondents believe 

that Web 2.0 technologies in companies will facilitate internal and external communication 

and improve the level of information, they do not believe that these technologies will lead to 

a shorter chain of communication. This indicates that respondents still do not think about 

collaboration in a way that right from the start they are all simultaneously involved in 

considering and solving the set tasks, and that is exactly what Web 2.0 technologies can 

provide. 

The rest of the respondents do not have either a positive or negative opinion prevailing. 

Based on the assumption that, after experiencing the use of Web 2.0 technologies in their 
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work, their opinion would change to positive, we would get a considerable degree of 

agreement, which means that positive aspects of Web 2.0 technologies overcome everything 

negative that some see in them. Certainly, it should be emphasized that these relatively 

positive results, as well as the expected positive results, can be due to positive experiences 

with ICT in general and the positive personal experience in the use of Web 2.0 technologies 

in private life, and future research should pay particular attention to this aspect in order to 

obtain a true picture of the perception of benefits of Web 2.0 technologies in business. The 

latter is stated because it should be kept in mind that slightly less than half of the respondents 

said that Web 2.0 technologies are used in their companies. Namely, a comparison of these 

results reveals a small inconsistency: although the respondents have a positive opinion on the 

benefits of Web 2.0 technologies in business, their use is not intensive. But in spite of it, 

acknowledging the part of respondents with negative attitudes, it could be very easily and 

concisely concluded that the respondents generally have a positive opinion on Web 2.0 

technologies.  

What can be observed from the results is the fact that although respondents believe that Web 

2.0 technologies in companies will facilitate internal and external communication and 

improve the level of information, they also believe that these technologies will not lead to a 

shorter chain of communication too much. This indicates that respondents still do not think 

about cooperation in a way that right from the start they are all simultaneously involved in 

considering and solving the set tasks, and that is exactly what Web 2.0 technologies can 

provide.  

The conducted analysis identified significant differences in attitudes between respondents in 
whose companies Web 2.0 technologies are used and respondents in whose companies they 
are not used. Of the 22 offered benefits that Web 2.0 technologies bring to business 
operations, a significant difference was found in 20, in one statement it is at the limit of the 
set significance, while in one statement the difference in attitudes is not statistically 
significant. That is the statement that the use of Web 2.0 technologies in the internal and 
external environment improves the level of information. Nevertheless, the average scores of 
both groups are relatively high, M(use)=4,36 and M(not use)=4,11. The rating 4 is the most 
common in both groups of respondents. If the obtained results are observed in the set range 
from 1 to 5, the scores are relatively high, and variations are relatively low, which indicates 
that both groups of respondents believe that the application of Web 2.0 technologies in 
operations can improve the level of information of all parties involved. As said, there is a 
significant difference in other statements, and a comparison of average ratings established for 
each statement that average is higher in respondents whose companies use Web 2.0 
technologies. The largest difference in average ratings was found in the second statement 
(ΔM=0,74), or the statement that Web 2.0 technologies improve staff efficiency, while the 
smallest differences were in opinions found in the statements S7 (ΔM=0,24), S16 (ΔM=0,25), 
S21 (ΔM=0,26), i.e. both groups of respondents have the most uniform opinion about the 
help of Web 2.0 technologies in providing better communication with partners and 
stakeholders, in better information levels and in facilitating the provision of user support. 
Similarly, a comparison of average ratings suggests that both groups have the highest opinion 
on the contribution of Web 2.0 technologies to better communication with partners and 
stakeholders, information sharing and improvement of the level of information. In these 
statements, both groups of respondents have average ratings higher than 4. On the other hand, 
in two statements there are significant differences in average ratings, but both groups had 
averages lower than 4. These are the statements that application of Web 2.0 technologies in 
business operations reduces conflicts in the organization and facilitates training of staff. It is 
understandable that ratings are low in respondents from the sub-group that does not use Web 
2.0 technologies in business, but the results of the sub-group that uses Web 2.0 technologies 
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in business operations should be viewed in the context of Web 2.0 technologies which they 
currently use. Internet telephony, instant messaging, business social networks are used the 
most, and none of these technologies is primarily intended for training of staff. On the other 
hand, conflicts are a specific area and are mostly the result of individual characteristics of a 
person, and can only be intensified by absence of direct communication, or face-to-face 
communication. 

CONCLUSION 

In this paper, the attitudes of managers related to the benefits of the application of Web 2.0 
technologies in business are explored and discussed. The results show that most of them have 
relatively positive attitudes related to the benefits which Web 2.0 can provide for everyday 
business regardless they use them in their business or not. Respondents believe that Web 2.0 
technologies make the most important contribution to sharing of data and information in 
company and have a significant impact on the quality of communication, both internal and 
external. Level of information, collaboration and teamwork in the company are accordingly 
improved, and so is the image of the organization. As the results indicate, differences in 
attitudes between respondents/managers who use Web 2.0 technologies in their business 
operations and those who do not use them were found. Respondents/managers who use Web 
2.0 technologies in business operations have a more positive attitude toward the same, or they 
are more favorably disposed toward their use in business operations. A group of respondents 
who use Web 2.0 technologies in their company believes that these technologies contribute to 
business success, facilitate and simplify implementation of business tasks and activities, 
contribute to communication both within and outside the organization.  

There is no generalized conclusions based on this research. The reasons for that are sample 
size and sampling method (representation of companies according to their characteristics); 
computer literacy of managers and their weak knowledge of the entire spectrum of Web 2.0 
technology. 

These results encourage further research on the application of Web 2.0 technologies in 
business and it would be important to explore the reasons why some companies still do not 
use these technologies and address the factors determining the extent of their application. 
Knowledge of all these differences, reasons and factors, would provide a true picture of the 
state of application of Web 2.0 technologies in business operations, which would be a starting 
point for appropriate action to encourage more intensive use of Web 2.0 technologies in 
business and make use of all the benefits that they bring along. 
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MAKSIMIZACIJA PROFITA U KRATKOM ROKU 
U OKVIRU KONVEKSNE ANALIZE 

I. Vrankić i M. Krpan 

Sveučilište u Zagrebu – Ekonomski fakultet 
Zagreb, Hrvatska 

SAŽETAK 

U ovom se članku analizira problem maksimizacije profita u kratkom roku u okviru konveksne 

analize. Zbog jedinstvene strukture mikroekonomskih fenomena, cilj je rada deduktivno primijeniti 

rezultate konveksne analize na poznatom problemu kratkoročne maksimizacije profita. U primarnom 

se problemu tehnologija u kratkom roku opisuje kratkoročnom funkcijom proizvodnje i izvodi se 

normalizirana funkcija profita koja izražava profit u jedinicama proizvoda. U tom je pristupu varijabla 

odlučivanja količina rada. Alternativno, tehnologija se opisuje funkcijom realnih varijabilnih troškova, 

pri čemu se troškovi izražavaju u jedinicama rada i izvodi se normalizirana funkcija profita, ovog puta 

izražavajući profit u jedinicama rada. Varijabla je odlučivanja u ovom pristupu količina proizvodnje. 

U tim dvjema perspektivama primarnog pristupa naglašavaju se nužni uvjeti prvog reda oba modela 

koji su posljedica obavijanja zatvorenog konveksnog skupa koji opisuje tehnologiju njegovim 

tangentama. U dualnom modelu polazište je normalizirana funkcija profita i rekonstruiraju se funkcija 

proizvodnje i funkcija realnih varijabilnih troškova. U prvoj perspektivi dualnog pristupa varijabla je 

odlučivanja realna nadnica, a u drugoj realna cijena proizvoda izražena u jedinicama rada. Pokazuje se 

da promjena varijabli u parametre i parametara u varijable vodi do oba optimizacijska modela koji 

daju isti sustav funkcija potražnje za radom i ponude proizvoda i njihovih inverza. Deduktivnom 

primjenom rezultata konveksne analize izvode se komparativno statički rezultati koji opisuju 

ponašanje poduzeća u kratkom roku. 

KLJUČNE RIJEČI 

maksimizacija profita u kratkom roku, dualnost, normalizirana funkcija profita, Hotellingova lema i 

njezin dual, komparativno statička analiza 
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EVALUACIJA MODELA ZA PROGNOZIRANJE 
STOPE NEZAPOSLENOSTI PO SPOLU 
U IZABRANIM EUROPSKIM ZEMLJAMA 

K. Dumičić, B. Žmuk i A. Čeh Časni 

Sveučilište u Zagrebu – Ekonomski fakultet 
Zagreb, Hrvatska 

SAŽETAK 

Nezaposlenost se može smatrati jednim od glavnih ekonomskih problema. Cilj ovog rada je ispitati 

razlike u stopama nezaposlenosti za muškarce i žene u odabranim europskim zemljama te predvidjeti 

njihove buduće trendove pomoću različitih statističkih modela prognoziranja. Nadalje, procjenjuje se 

utjecaj dodavanja novih podataka na odabiru najprikladnijeg statističkog modela prognoziranja, 

gledano na ukupnoj vrijednosti greške predviđanja. Stope nezaposlenosti muškaraca i žena promatraju 

se za dvanaest europskih zemalja u razdoblju od 1991. do 2014. Odabrana su i primijenjena četiri 

statistička modela predviđanja, a kao najprikladniji model smatra se onaj s najnižom ukupnom 

pogreškom prognozirane vrijednosti. Analiza je pokazala da je u razdoblju od 1991. do 2014. trend 

smanjenja stope nezaposlenosti u kratkom roku izraženiji za Istočni Balkan nego za zemlje EU-28. 

Dodani podaci upućuju na to da su stope nezaposlenosti za muškarce i žene u 2014. godini 

prognozirane uz nešto manje prognostičke pogreške u više od polovice promatranih zemalja. Međutim, 

dodani podaci nužno ne poboljšavaju prognoze dobivene korištenim statističkim modelima 

predviđanja. 

KLJUČNE RIJEČI 

Balkanske zemlje, kriterij prognostičke pogreške, stopa nezaposlenosti prema spolu, statističke metode 

prognoziranja, nezaposlenost 
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INTENZITET I STRUKTURA ISTRAŽIVANJA I RAZVOJA 
U REGIJAMA ČEŠKE I SLOVAČKE 

V. Klimová i V. Žitek 

Masarykovo sveučilište – Fakultet ekonomije i administracije 
Brno, Češka 

SAŽETAK 

Istraživanje i razvoj značajan je izvor inovacija, a inovacije su ključne za ekonomski razvoj i 

kompetitivnost. Ovaj rad bavi se karakteristikama razvoja i istraživanja u regijama Republike Češke i 

Republike Slovačke. Ove države imaju zajedničku povijest, slične društveno-ekonomske uvjete i slične 

probleme. Cilj rada je izvrijedniti i usporediti intenzitet i strukturu istraživanja i razvoja njihovih regija. 

Utvrđeno je kako su istraživačke aktivnosti u obje države koncentrirane na glavne gradove (Prag i regija 

Bratislave) i regiju Južne Moravske. Izdvajanja za istraživanje i razvoj dosežu 2 % brutto domaćeg 

proizvoda u Češkoj i 0,89 % u Slovačkoj, što je ispod prosjeka EU. Intenzitet istraživanja i razvoja u 

ovom članku izvrijednjen je indeksom IR&D. Pomoću klaster-analize regije su podijeljene u tri grupe. 

Indeks IR&D potvrdio je veći intenzitet istraživanja u češkim regijama. Izvrijednjavanje strukture 

istraživanja i razvoja temelji se na kvadrantu istraživačke orijentacije i nadopunjeno je udjelom 

tehničkih i prirodnih znanosti. Najbolji preduvjeti za inovacije mogu se očekivati u regijama Pasteurove 

i Edisonove istraživačke orijentacije. Naša analiza pokazala je kako je istraživačka aktivnost općenito 

niža u Slovačkoj. Ta je činjenica nepovoljna za kompetitivnost Slovačke. 

KLJUČNE RIJEČI 

istraživanje i razvoj, inovacija, regija, Republika Češka, Republika Slovačka 
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RAZVOJ TURISTIČKOG ODREDIŠTA: 
PITANJE PROVOĐENJA INOVACIJA 

Tivadar Máhr 

Panonsko sveučilište 
Sárvár, Madžarska 

SAŽETAK 

Turizam je jedan od najrazvijanijih grana uslužnog sektora. Rad se bavi ključnom djelatnosti srednje i 

istočno europske države (Madžarske) iz europske perspektive, a to je turizam. Turizam prati 

impozantni udio u brutto domaćem proizvodu stoga je njegova važnost razumljiva. Lokalni temelji te 

značajne grane su organizacije za upravljanje turističkim odredištem. Te organizacije u prethodnom su 

proračunskom razdoblju primale značajna razvojna sredstva. Cilj je bio pretvoriti turizam u 

kompetitivnu i inovativnu granu. Pristup inovacijskom sustavu pomoću modela četverostruke zavojnice 

omogućuje uključivanje četvrte zavojnice – medijskih organizacija – u provođenje inovacija. Time se 

utječe na učinkovitost danog inovacijskog sustava. U radu se pretpostavlja kako su organizacije 

upravljanja turističkim odredištem, poput medijskih organizacija, poduzeća odgovorna za provođenje 

inovacija u turizmu. Cilj istraživanja je dokazati ili opovrgnuti da su takve organizacije značajne 

radionice inovacija. Za potrebe istraživanja provedeno je anketiranje. Ujedno, povratne informacije 

prikupljene su o strukturi, sveobhvatnosti i logičkoj strukturi upitnika. Navedene su karakteristike 

suradnje, korelacije između više provođenja inovacija, faktori koji generiraju inovacije i uzroci 

inovacija. Rezultati istraivanja mogu se koristiti u državnom upravljanju turizmom, strukovnim 

organizacijama i Madžarskom turizmu d.o.o. u procesu uspostavljanja potrebnih okvira i provedbenih 

modela za međunarodne usporedbe s drugim državama. 

KLJUČNE RIJEČI 

upravljanje turističkim odredištem, inovacijski sustav, provođenje inovacija, društvene inovacije 
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KVALITETA USLUGE, ZADOVOLJSTVO 
I NAMJERE PONAŠANJA STUDENATA 

STEM I IC VISOKOŠKOLSKIH USTANOVA 

D. Meštrović 

Sveučilište u Rijeci – Fakultet za menadžment u turizmu i ugostiteljstvu 
Opatija, Hrvatska 

SAŽETAK 

Na konkurentnom tržištu visokog obrazovanja, kvaliteta usluge, te zadovoljstvo i namjere ponašanja 

studenata prepoznati su kao iznimno važni elementi strategije privlačenja i zadržavanja studenata iz 

područja znanosti, tehnologije, inženjerstva i matematike (STEM) i informacijsko -komunikacijskog 

(IC) područja. Ovim radom nastoji se istražiti utjecaj percepcije kvalitete usluge visokoškolske 

ustanove na zadovoljstvo studenata iz STEM i IC područja Sveučilišnih Odjela Sveučilišta u Rijeci i 

na njihove namjere ponašanja. Podaci prikupljeni upitnikom obrađeni su primjenom strukturalnog 

modeliranja pomoću parcijalne regresije metodom najmanjih kvadrata (PLS-SEM) u programu 

SmartPLS 3.0. Potvrđena je značajna, pozitivna i direktna povezanost između kvalitete usluge 

visokoškolske ustanove i zadovoljstva studenata, te između zadovoljstva studenata i njihovih 

namjera ponašanja. Primjenom analize indirektnih utjecaja, rezultati istraživanja potvrdili su 

značajan, pozitivan i indirektan utjecaj percipirane kvalitete usluge visokoškolske ustanove na 

namjere ponašanja studenata preko zadovoljstva studenata. Rezultati istraživanja ističu ključnu 

važnost kvalitete usluge u području visokog obrazovanja i mogu poslužiti kao prijedlozi i smjernice 

za unaprjeđenje strategija uslužnih djelatnosti, posebice u području visokog obrazovanja, te se na 

temelju istih mogu planirati poboljšanja svih dimenzija kvalitete usluge – ključnog čimbenika za 

privlačenje, zadržavanje i  obrazovanje studenata u STEM i IC područjima u Republici Hrvatskoj.  
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STRATEGIJE BRENDIRANJA 
U ERI ODRŽIVOG RAZVOJA 

A. Grubor i O. Milovanov 

Sveučilište Novi Sad – Ekonomski fakultet u Subotici 
Subotica, Srbija 

SAŽETAK 

Danas su brendovi viđeni kao moćno sredstvo za uvođenje promena. Usko su povezani sa 

potrošačima širom sveta i sveprisutni u njihovom svakodnevnom životi i izborima koje donose. 

Potrošači su skloni da se identifikuju sa brendovima koje vole i snažno zastupaju ideje koje su 

inkorporirane u imidž i vrednosti koje brend sa sobom nosi. Kao posledica ovakve veze, kompanije 

koje poseduju uspešne brendove, praćene od strane velikog broja lojalnih potrošača, imaju 

mogućnost da generišu promene i u nekim slučajevima kompletno menjaju način života ljudi, 

vrednosni sistem, stavove i ponašanje. Usled ovakvih tendencija, društveno odgovorni (zeleni) 

brendovi smatraju se neizbežnim elementom održive marketing strategije i koncepta održivosti, 

upravo zbog snage brendova da pokreću masu pre nego pojedinačne potrošače, što je upravo ono što 

je potrebno da bi koncept održivosti zaživeo i bio široko prihvaćen u društvu. Međutim, treba uzeti u 

obzir da i pored pozitivnih stavova potrošača o društveno odgovornom ponašanju, još uvek postoji 

raskorak na relaciji stavovi-ponašanje potrošača, pa je segment zelenih potrošača na tržištu još uvek 

na nivou niše. Zato se jedan od najvećih izazova kreatora zelenih marketing strategija i zelenih 

brendova pronalaženje interesa u održivom načinu života za potrošače, kao i podizanje njegove 

atraktivnosti i dostupnosti zelenih opcija. U tom smislu, cilj  ovog rada je da, analizirajući rezultate 

postojećih istraživanja u oblasti zelenog brendiranja, istakne rastući značaj koncepta održivosti u 

teoriji i praksi brendiranja, kao i da ukaže na najbolje načine za inkorporiranje zelenih vrednosti u 

savremene brend strategije, a u cilju kreiranja visoke vrednosti brenda i uvođenje promena u društvu.  
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HIJERARHIJSKI PROCES I NOVA METODA ZA 
RJEŠAVANJE PROBLEMA VIŠEKRITERIJSKOG 

PROGRAMIRANJA 

T. Perić1, Z. Babić2 i E. Resić3 
1Sveučilište u Zagrebu – Ekonomski fakultet 
1Zagreb, Hrvatska 

2Sveučilište u Splitu – Ekonomski fakultet 
2Split, Hrvatska 

3Sveučilište u Sarajevu – Ekonomski fakultet 
3Sarajevo, Bosna i Hercegovina 

SAŽETAK 

U ovom radu predlažemo novu metodologiju za rješavanje problema odabira dobavljača i 

određivanje kvota nabave od odabranih dobavljača. Predložena metodologija kombinira Analitički 

Hijerarhijski Proces (AHP) za određivanje koeficijenata funkcija cilja i novu  metodu višekriterijskog 

probramiranja, zasnovanu na kooperativnoj teoriji igara, za odabir dobavljača i određivanje kvota 

nabave od odabranih dobavljača. Predložena metodologija je testrana na primjeru rješavanju 

problema nabave brašna za poduzeće koje se bavi industrijskom proizvodnjom pekarskih proizvoda. 

Za odabir dobavljača i određivanje kvota nabave od odabranih dobavljača koristili smo tri složena 

kriterija: (1) troškovi nabave, (2) kvatiteta proizvoda i (3) pouzdanost dobavljača.  
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WEB 2.0 TEHNOLOGIJE U PODUZEĆIMA: 
STAVOVI BH MENADŽERA 

M. Mabić i Z. Klepić 

Sveučilište u Mostaru – Ekonomski fakultet 
Mostar, Bosna i Hercegovina 

SAŽETAK 

Cilj rada je bio istražiti što menadžeri misle o utjecaju Web 2.0 tehnologija na poslovanje poduzeća 

te je tijekom svibnja i lipnja 2015. godine u poduzećima u Bosni i Hercegovini provedeno empirijsko 

istraživanje među top menažerima i menadžerima srednje razine. Rezultati provedenog istraživanja 

su pokazali da, iako svi ispitani menadžeri ne koriste spomenute tehnologije, imaju relativno 

pozitivno mišljenje o primjeni Web 2.0 tehnologija u poslovanju. Prema njihovom mišljenju, Web 

2.0 tehnologije u poduzeću najviše doprinose dijeljenju podataka i informacija te imaju značajan 

utjecaj na kvalitetu komunikacije, kako interne tako i eksterne. Ovakvi rezultati potiču daljnje 

istraživanje primjene Web 2.0 tehnologija u poslovanju te intenzivnije korištenje prednosti koje one 

donose svojim aktivnim korisnicima. 
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