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Focus, Goal and Scope of the Croatian Review of Economic, Business and 

Social Statistics (CREBSS) 
Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal 

published by the Croatian Statistical Association (CSA) in two issues per year, available in 

printed (print ISSN 1849-8531) and electronic (online ISSN 2459-5616) versions. The online 

version is available at the publisher De Gruyter Open website: 

http://www.degruyter.com/view/j/crebss 

Why subscribe and read 

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal that 

promotes both, statistical science and profession, theory and applications. It focuses 

statistical methods developed and applied in economy, business processes and social 

sciences in a very broad meaning. It targets a very wide audience of statisticians, whether 

they are scientists, professionals, educators or students, influencing modern economy, 

business and society. 

Why submit 

The CREBSS journal is a good opportunity for publication of research focusing either on 

statistical theory or on statistical methods applications in economics, business and social 

issues. Areas such as finance and commerce, management, marketing, and also in 

agriculture, industry, construction, engineering, demography, psychology, sociology, law, 

politics, opinion polling, government, education, biomedical and physical sciences, health 

and medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT 

and quality issues are welcome. Statistical data collection, processing, compilation, 

dissemination, and data exploration and analysis, with organizations, regions, countries, or 

persons as possible units or levels of the analysis, all might be of interest. Since any interesting 

topic and applications of statistics are welcome, there are no restrictions to subject matters. 

Papers emphasising current concerns regarding statistical theory and challenging applied 

problems in multi- and cross-discipline issues (such as computational statistics, data mining 

and pattern recognition, simulation modelling, or related to optimization, mathematical 

programming, etc.), resulting with new statistical approaches are of special interest. It is 

expected that papers are methodologically well sounded, and that real life problems are 

treated, showing novel solutions. 

Our policy is to give feedback to authors as fast as possible. After receiving the paper that is 

prepared according to Author instructions, editorial board will inform the author on 

appropriateness of the paper to the journal within two weeks. The first reviews will be 

delivered within two months, as the latest. Reviews provided are thorough and give to 

author/s clear directions on how to improve the paper. 

Description 

The goal of the CREBSS journal is to demonstrate how statistical science, research design and 

analysis methods play important roles in economy, business and society. The journal targets 

the current issues regarding the official statistics data production, and discusses the broad 

variety of applied statistical problems that might be outcomes of scientific survey research 

design, experimental design or observational study in economy, business and for different 

social issues, respecting the overall turbulent influences caused by the modern ICT and 

software development. 

In this respect, the CREBSS journal fosters the exchange of ideas, experience and knowledge 

among statisticians. 

Papers submitted for publication should be original theoretical, practical and applied 

papers. The journal also publishes case studies describing innovative applications and critical 

reviews of statistical theory. 

The anonymous double-blind peer review by the two independent reviewers is applied to all 

the papers. 
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Abstract 
Composite indexes have become a valuable asset for stakeholders as they provide 

ranks of entities and information upon which decisions are made. However, certain 

questions about their development procedure have been raised recently, especially 

regarding the weighting process. To tackle the observed issue, in this paper we 

propose a new multivariate approach for defining weights. Namely, the model 

based on the Data Envelopment Analysis (DEA), the Benefit-of-the-Doubt (BoD) 

model, has been used with significant success in the process of composite index 

development. On the other hand, the Composite I-distance Indicator (CIDI) 

methodology stands out as an impartial method for assigning weights to indicators. 

By combining these two approaches, some of the limitations of the original BoD 

model could be overcome. As a result, new entity-specific weights which maximize 

the value of the composite index can be proposed. As a case study, we analysed 

the Quacquarelli Symonds (QS) World University Rankings by Subject in the field of 

statistics and operational research. The obtained results, which are based on the 

data-driven weights, can provide new insights into the nature of the observed 

ranking. The approach presented here might provoke further research on the topic 

of composite index weights and on the university rankings by subject. 
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Introduction 
In the last several years, a new trend in the university ranking appeared – ranking of 

universities by subject (Federkeil, 2015). The idea behind this type of ranking is that 

certain universities can be invisible on the overall global rankings while they perform 

remarkably in a specific academic field (IREG, 2015). In addition, another viewpoint 

in favour of rankings by subject is that international rankings provide information 

about some 500 universities while there are more than 19000 universities worldwide 

(Siwinski, 2015). Therefore, a need for rankings based on the university’s performance 

in a particular scientific field emerged. Dobrota and Jeremic (in press) observed that 

a revolution in understanding the present and the future of university rankings has 

begun. 

A need for rankings by subject appeared after the evidence shown that there are 

differences between citation patterns (Ziman, 2000). Namely, the scientific field to 

which the paper belongs to highly influences its later citation pattern (Bornmann & 

Marx, 2014). Therefore, when ranking universities using citation counts it is 

recommended to consider different citation behaviours (Zornic et al., 2015). This 

conclusion leads to the question of validity of university rankings that use total 

citation counts, which have not been normalized, across scientific fields. 

Although specific rankings by subject aim to overcome some pitfalls of the overall 

university rankings, they have been criticized for several reasons. One of the main 

critiques is related to the reputation indicators, which are based on survey results 

(Rauhvargers, 2014). The validity of the conducted surveys can be questioned, as 

there have been universities, which are ranked on specific subject lists even though 

they do not offer courses, programmes or research in the observed topic 

(Rauhvargers, 2013). In addition, rankings, both subject specific and overall, have 

been criticized because of their subjective and often unelaborated weighting 

schemes (Jeremic et al., 2011; Dobrota et al., 2016). Finally, the main question is how 

to define field specific characteristics and chose the appropriate indicators, which 

will reflect the observed differences (Siwinski, 2015). 

Nevertheless, many university ranking methodologies have turned towards 

rankings by subject. Just some of them are ARWU-Subject, THE Subject Ranking, QS 

World University Rankings by Subject, and URAP Filed Based Ranking. The number of 

fields each of them covers and the definition of scientific fields varies between the 

above-mentioned ranking methodologies. As the case study in our paper, we will 

put emphasis on the QS World University Rankings by Subject in the field of statistics 

and operational research.  

The importance of the role of the statistical community has been widely 

recognized, particularly by the United Nations. They are aware that data scientists 

who are able to analyse a large amount of data to digestible, easily 

understandable, and useful information are crucial for the further development of 

the society (UN, 2014). Also, they note that quantitative goals, targets, and indicators 

are powerful tools for communication, but without statistically sound and reliable 

data and ranking methodologies, their quality and trustworthiness declines. 

Davenport and Patil (2012) in their article predicted that the shortage of data 

scientists would become a serious constraint in certain sectors, which might slow its 

development. Accordingly, future students should be given a clear and easy 

understandable ranking of universities, which have notable and recognizable results 

in the field statistics and operational research. Therefore, ranking lists of universities 

based on their expertise and achieved results in the field of statistics and operational 

research are needed.  
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Thus, in this paper, we present the Benefit-of-the-Doubt-CIDI model (BoD-CIDI) to 

analyse the QS World University Rankings in the field of statistics and operational 

research and propose entity specific weighting system. Namely, the Benefit-of-the-

Doubt model has been employed with success in the composite index creation 

process to devise entity specific weights (Cherchye et al., 2007). However, the model 

has several shortcomings related to model constraints (Rogge, 2012). Therefore, we 

suggest the Composite I-distance Indicator Methodology (CIDI) (Jovanovic-

Milenkovic et al., 2015; Dobrota et al., 2016), based on the I-distance method, to 

create data-driven weight constraints and overcome the main model obstacle: full 

freedom. Therefore, we propose a novel variation of the original BOD model, which 

employs CIDI weights as model constraints. 

The following chapter sees a thorough literature view which introduces the QS 

World University Rankings in the field of statistics and operational research and the 

Composite I-distance Indicator Methodology (CIDI) which is crucial for the newly 

proposed BoD model. The data on which the research was conducted alongside 

the optimization problems and the BoD-CIDI model have been elaborated in detail 

in Section 3. The results are given in Section 4, while the conclusion is provided in the 

final chapter. 

 

Literature review 
Quacquarelli Symonds Ranking by Subject 
Quacquarelli Symonds (QS) recognized the new direction in the development of 

university rankings. Therefore, it created World University Rankings by Subject. In 2015, 

the QS provided rankings in 36 individual subjects, which are based on four 

indicators: Academic Reputation, Employer Reputation, Citations per Paper and H-

index (QS, 2015a). The first indicator, Academic Reputation, has been the core of 

any QS Ranking since its development. The aim of this indicator is to assess the 

reputation of an institution based on the opinion of related domestic and foreign 

academics who are considered experts in the specific field. Employer Reputation, 

similarly, assesses reputation, but this time from the employers’ perspective. Finally, 

the last two indicators are bibliometric indicators drawn from the Scopus database. 

The H-Index is a metric that measures both productivity and citation impact of 

scholars. On the other hand, Citations per Paper deliver information on the impact of 

the institution’s published work in the journals covered by Scopus. Together all four 

indicators aim at providing a comprehensive ranking of universities in the specific 

scientific field (QS, 2015a).  

The four indicators are weighted differently depending on the subject 

(Intelligence Unit, 2015). The weighting employed in the QS ranking by Subject is 

adaptive weighting, meaning that the interdisciplinary differences have been 

acknowledged and that the indicators have been weighted accordingly. Namely, 

the importance of one indicator for the ranking process is not the same in the case 

of, for example, sciences and literature. Weights have been assigned by the 

pertinence of the indicator and the validity of the collected data (Intelligence Unit, 

2015). The overall value of the ranking is calculated as the weighted sum of the four 

normalized indicators. 

Out of the 36 published rankings by subject, this paper aims at analysing the 

ranking of universities by their achievements and reputation in the field of statistics 

and operational research. According to the official Intelligence Unit ranking 

overview (Intelligence Unit, 2015) 559 universities have been considered to enter the 

ranking on this subject, while only 200 universities have been eventually ranked. The 

actual values of indicators are provided for all 200 universities, while the overall result 
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is published only for the first 50 ranked universities. Namely, the rest of the universities 

are ranked in groups of 50 and their overall results are not publicly available. 

As mentioned before, QS University Ranking by Subject assigns adaptive weights 

to indicators based on the specific subject. The weights of input indicators in the field 

statistics and operational research are given in Table 1.  

 

Table 1 Weights of QS Ranking by Subject indicators in the field of statistics and 

operational research 
QS Ranking by Subject indicator Weight 

Academic Reputation 0.50 

Employer Reputation 0.10 

Citations per Paper 0.20 

H-index 0.20 

Source: QS, 2015a 

 

Taking a closer look at the official weighting scheme, it can be concluded that 

indicators based on surveys, which tackle a highly subjective topic, have been 

assigned 60% of weight. On the other hand, bibliometric indicators, which are 

perceived as less biased and more objective (Marginson, 2014) have been 

underrepresented in this ranking methodology. Therefore, we propose two widely 

used methodologies to create a new data-driven weighting scheme. First, we 

suggest the CIDI methodology to obtain the initial data-driven weights (Dobrota et 

al., 2015) which could act as constraints in the Benefit-of-the-Doubt model which 

would select the most favourable weights to indicators to maximize the overall value 

of the composite index (Mizobuchi, 2014). 

 

Composite I-distance indicator (CIDI) methodology 
In the 1970’s a need for a statistical method that could rank countries by the level of 

their socio-economic development using a large number of indicators appeared. 

One of the devised methods that stood out was the Ivanovic distance (I-distance) 

(Ivanovic, 1977). Since its development, the I-distance has been employed in many 

fields other than socio-economics (for example Jeremic et al., 2011; Maricic and 

Kostic-Stankovic, 2016) with great success. 

The I-distance method belongs to the group of ranking methods whose overall 

values are based on the calculated distance from a referent entity. The referent 

entity can be a fictive or an observed entity from the analysed dataset, or it can be 

the minimal, maximum or average value of the observed variables. Herein we used 

the fictive minimal entity as the referent entity. 

For a selected set of variables  1 2, ,...T

kX X X X  chosen to characterize the 

entities, the I-distance between the two entities  1 2, ,...r r r kre x x x  and 

 1 2, ,...s s s kse x x x  is defined as (Jeremic et al., 2011): 

 
 

 
2 1

2 2

.12... 12
1 1

,
, 1

ik
i

ji j

i ji

d r s
D r s r







 

   , (1) 

where ),( srdi  is the distance between the values of a variable iX  for re  and se , e.g. 

the discriminate effect would be: 

kixxsrd isiri ,...,1)(),(  , (1a) 
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i  is the standard deviation of iX , and .12... 1ji jr   is the partial coefficient of the 

correlation between iX  and  jX ,   j i  (Jeremic et al., 2011). 

The I-distance has a special feature. Namely, the correlation coefficients between 

the variables and the obtained I-distance values show the level of importance of the 

variables for the ranking process. Therefore, they can be used to obtain weights and 

create a new composite index based on the I-distance results, which will be 

comparable to the results of the analysed index. The newly obtained composite 

index is called the Composite I-distance Indicator (CIDI) (Dobrota et al., 2016; 

Dobrota et al., 2015). The following formula is used to devise new weights based on 

the I-distance (Dobrota et al., 2016): 





k

j

j

i
i

r

r
w

1

, 
(2) 

where ri, ki ,...,1  is the Pearson’s correlation coefficient of the i-th input variable and 

the I-distance value. The sum of weights acquired using this approach is 1. The 

procedure of the CIDI methodology is the following. In the first step, the I-distance is 

employed on all variables and the value of the I-distance is obtained. Next, the 

correlation coefficients between each variable and the I-distance value are 

calculated. Then the new weights are obtained using (2). Finally, employing the new 

weights, which derive from the results of the I-distance, a new CIDI index is obtained 

whose results are comparable with the results of the scrutinized composite index. This 

is highly important as the values of I-distance represent distances and are thus, 

incomparable with the values of the composite index that is being analysed. The 

CIDI index allows comparison of the original values and the values based on the I-

distance method. 

So far CIDI has been employed with a lot of success to scrutinize composite 

indicators in various fields of science such as education (Maričić et al., 2016a; 

Dobrota et al., 2016), food security (Maricic et al., 2016b), and ICT development 

(Dobrota et al., 2015). Namely, the new weighting schemes led to the creation of a 

more stable metric according to the uncertainty and sensitivity analysis (Dobrota et 

al., 2016). 

 

Methodology 

Data 
The dataset on which the analysis was performed contained all four QS Ranking by 

Subject indicator values for top 50 ranked universities in the subject of statistics and 

operational research for the year 2015. The data set is publicly available on the 

official website of the QS Rankings (QS, 2015b). As the indicators were already 

normalized and there was no missing data, the dataset was ready to perform the 

statistical analysis. 

 

Statistical approach 
The Benefit-of-the-Doubt (BoD) model was originally devised by Melyn and Moesen 

(1991), whereas it has its roots in the Data Envelopment Analysis (DEA) (Charnes et 

al., 1978). The basic idea behind the DEA is to calculate the maximum efficiency of 

decision making units (DMUs) based on the information on their inputs and outputs. 

On the other hand, the BoD model aims at maximizing the overall index value 

without prior information on the indicator weights. Therefore, we can say that the 



  

 

6 

 

Croatian Review of Economic, Business and Social Statistics (CREBSS) Vol.  2, No. 1, 2016 

BoD model is oriented only on the inputs. Nevertheless, there are conceptual 

similarities between DEA and BoD: first, between their goals and second, in the lack 

of available information on weights (Cherchye et al., 2007). 

To overcome the issue of subjectively assigned weights, which has been 

recognized as a major stepping stone in the process of creation of composite 

indexes (Nardo et al., 2005), the BoD model assigns specific weights to each entity 

while maximizing the overall value of the index. Using the BoD model, all entities 

obtain the highest possible value of the composite index (Cherchye et al., 2007). The 

original BoD model is a linear programming problem (Rogge, 2012) which can be 
formulated for each entity nl ,...,1 : 

,)(max
1

,,



k

i

lilil ywwf  (3) 

s.t  

),...,1(,1
1

,, kiyw
k

i

lili 


 (3a) 

),...,1(,0, kiw li   (3b) 

With )(wfl
 being the optimal value of the composite index for the observed entity 

l, liw ,  the most favourable weighting scheme assigned to the entity l, and liy ,  the 

value of the indicator i for the country l. The subscript l is associated with the number 

of observed entities, while the subscript i is associated with the number of framework 

indicators. After analysing the objective function attention should be placed on the 

model constraints. There are two constraints that the solution has to satisfy. The first 

one (3a) is the normalization constraint, and the second one (3b) is the non-

negativity constraint. In case the indicator values are not normalized, the BoD 

model, using the constraint 3a normalizes them. It means that the overall values of 

the observed index are transformed to the interval [0, 1], where 0 is the minimum, 

and 1 is the maximum possible value of the index. Therefore, using the BoD model 

index creators need not normalize the data before calculation of the index, as the 

model already has that feature incorporated. 

Although the BoD model has many benefits, there are some shortcomings. One of 

them is that the model, as presented, has the full freedom when assigning weights 

(Rogge, 2012). The full freedom is allowed by the constraint 3b, where the assigned 

weight can be zero. This means that the model can take into account only the value 

of one indicator whose values are the highest compared to others and assign zero 

weights to other indicators. Therefore, additional weight constraints are needed and 

recommended (Cherchye et al., 2007). Additionally, it should be observed that since 

the BoD model normalizes indicator values and thus overcomes the problem of 

choosing normalization method, the weights are expressed in indicator units. This 

means that the problem has been transferred from one place to another without 

being solved. Namely, the value of the composite index is not expressed in units, but 

the weights are. Accordingly, it is necessary to pay special attention when 

comparing the obtained weights. As a solution of the presented issue it is 

recommended or to normalize the indicator values prior to solving the model, or to 

impose additional weight constraints (Cherchye et al., 2007). Just to note, besides 

these constraints, there were specific constraints related to this case study.  

Besides the original BoD model, another BoD model is of high importance for the 

conducted the research as it aims to overcome the shortcomings of the original 

model that are related to weights. Namely, Perišić (2015) presented an interesting 

variation of the original model: 



  

 

7 

 

Croatian Review of Economic, Business and Social Statistics (CREBSS) Vol.  2, No. 1, 2016 

,)(max
1

,,



k

i

n

lilil ywwf  (4) 

s.t  

 kiw
k

i

li ,...,1,1
1

, 


 (4a) 

 kiw li ,...,1,10 ,   (4b) 

)(wfl
 is the objective function and represents the optimal value of the composite 

index of a specific entity. The aim is to maximize the )(wf l , to maximize the value of 

the composite index.  kiw li ,...,1,   is the most favorable weighting scheme that is 

assigned to the indicators of the observed entity l, while 
n

liy ,  are the normalized 

values of indicators of entity l. Again, the subscript l is associated with the number of 

observed countries, while the subscript i is associated with the number of framework 

indicators. Constraints of this modified BoD model are significantly different from the 

constraints of the basic BoD model; this time, both restrictions are related to weights. 

The first constraint (4a) is that the sum of assigned weights must be 1, and the second 

(4b) is that the assigned weights must be found in the interval from 0 to 1. Key 

aspects of the modified model that we should emphasize are the usage of 

normalized data and that the sum of the weights must be 1. The consequence of the 

two constraints is that the final index value in the interval [0, 1], where 0 is the 

minimum and 1 the maximum possible value of the index.  

The secondly presented BoD model tries to overcome several issues the original 

BoD model faces. First, the weights assigned by the modified model are not 

expressed in indicator units and therefore are comparable. The last end users, 

decision makers, policymakers, and the general public will understand the presented 

results more clearly. Secondly, the weights should be in the interval between 0 and 1 

and their sum must be 1. The modified model tries to impose weights constraints and 

restricts the “full freedom” of the original model. 

The modified BoD model is very important because its goal remains the same - 

maximizing the value of the composite index, but the interpretation of the obtained 

weights is simpler. However, it can be seen that the model still has the problem of full 

freedom. Although the weights are limited to the range from 0 to 1, the model can 

take into account only one or a few indicators while it assigns no weight to other 

indicators. In order to solve the perceived problem, we suggest combining the 

modified BoD model and the Composite I-distance indicator methodology (CIDI). 

The weights obtained using I-distance can act as data-driven weight constraints 

as shown in Radojicic et al. (2015). Namely, they performed bootstrap I-distance to 

get weight restrictions for their DEA models. A similar approach can be made to the 

BoD model, which has roots in DEA to overcome the issue of full freedom. Therefore, 

after introducing both the CIDI methodology and the BoD models, a newly 

proposed model called Benefit-of-the-Doubt-CIDI (BoD-CIDI) model can be 
presented. The optimization problem can be formulated for each nl ,...,1  as: 

,)(max
1

,,



k

i

n

lilil ywwf  (5) 

s.t  

 kiw
k

i

li ,...,1,1
1

, 


 (5a) 

 kiww CIDIili ,...,1,75.0,   (5b) 
 kiww CIDIili ,...,1,25.1,   (5c) 
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In the BoD-CIDI model, equation (5) is the objective function, which computes the 

composite index, and it is the same as the objective function in the original BoD 

model. Equation (5a) guarantees that the sum of weights assigned to the indicators 

of the observed entity will be 1. The equations (5b) and (5c) ensure that the new 

weights will be within the interval of ±25% of the weights suggested by the CIDI 

methodology. The chosen interval around the CIDI weights was used in order to 

ensure a wide enough interval to have proper robustness checks (Saisana and 

Saltelli, 2014). Using the suggested constraints, the proposed model guarantees that 

all indicators will be taken into account and that no indicator will be assigned zero 

weight. The BoD-CIDI model, therefore, overcomes the observed problem of the BoD 

model: full freedom. However, the model has its limitations. Namely, before solving it, 

the indicator values should be normalized to the range between 0 and 1. 

Accordingly, the question of the type of normalization arises. Herein we limit 

ourselves to the application of the proposed model on the already normalized data. 

Namely, we will not additionally examine the potential influence of the type of 

normalization on the obtained results. We concentrate ourselves to the impact of the 

new, entity specific weights. 

 

Results 
Our research saw the implementation of the newly devised BoD-CIDI model on the 

QS Rankings by Subject in the field of statistics and operational research. The aim 

was to maximize the value of the overall ranking score of each entity and to find 

entity specific weights. 

The first step in our analysis was to apply the CIDI methodology to obtain the new 

data-driven weights. The CIDI weights and the upper and lower bounds of 

constraints of indicator weights for the BoD-CIDI model are presented in Table 2. 

 

Table 2 CIDI weights along with the upper and lower bounds of constraints of 

indicator weights 

Indicator CIDI weight 
Lower bound 

(0.75*CIDI weight) 

Upper bound 

(1.25*CIDI weight) 

Academic Reputation 0.217 0.163 0.271 

Employer Reputation 0.258 0.194 0.323 

Citations per Paper 0.289 0.216 0.361 

H-index 0.237 0.177 0.295 

Sum 1 0.75 1.25 

Source: Authors 

 

At first glance, the presented results show that the current weighting scheme 

could be enhanced and refined. The eye-catching difference is in the case of the 

indicator Academic Reputation. Namely, its weight has been reduced by almost 

57%, from 0.5 to 0.217. Contrarily, the indicator Employer Reputation gained 

importance so it is now the second most important indicator for the ranking process 

after the Citations per Paper. The newly obtained weighting scheme has several 

benefits. Firstly, it reduces the overall importance of indicators, which are based on 

survey results. Secondly, it increases the importance of bibliometric indicators that 

rely on the data from the Scopus database. Finally, it creates a more balanced 

weighting scheme when it comes to the overall importance of reputation and 

research indicators.  

The obtained CIDI weights acted as inputs to create the constraints of the BoD-

CIDI model. Namely, the lower bound of the BoD-CIDI weight constraints is 

calculated as 75% of the weight assigned by the CIDI methodology. Similarly, the 
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upper bound is obtained, whereas it is 25% above the weight assigned by the CIDI 

methodology. The upper and lower bounds of indicator weight constraints are 

presented in Table 2. 

After calculating the upper and lower weight constraints, the BoD-CIDI model was 

utilized. This part of the research was done using Excel Solver. Namely, the model 

was conducted on each of the 50 observed universities to obtain university-specific 

weights. Those weights were later used to calculate the value of the BoD-CIDI index. 

Besides the BoD-CIDI index, we decided to present the CIDI index. Namely, the CIDI 

index is created as the weighted sum of indicators using CIDI weights. We believed it 

would be useful to compare all three rankings to explore in-depth the effects of the 

entity-specific weights. The BoD-CIDI index results along with the results of the QS 

index and CIDI index are presented in Table 3 for the top 15 universities by BoD-CIDI 

index. 

Comparing the three rankings one can note that the top 3 universities have not 

changed. Harvard University, Stanford University, and University of California, Berkeley 

led the way regardless the weighting scheme employed. However, there are visible 

discrepancies moving down the ranks. For example, University of Toronto improved 

its rank for 11 positions and ranks 8th by the BoD-CIDI model. Namely, University of 

Toronto has high values of bibliometric indicators, while it is not that recognized by 

the surveyed academics. In addition, the University of Hong Kong advanced from 

22nd to 15th place using the BoD-CIDI weights. The University of Hong Kong had high 

values of the most important indicator for the ranking process, Citations per Paper, 

while its Academic Reputation and H-index were a little bit lower. On the other 

hand, several universities significantly dropped ranks. University, which went out of 

the top 10, is the Georgia Institute of Technology. Using the proposed approach, it is 

11th while it was ranked 4th by the official QS ranking. Namely, it has the highest value 

of the indicator Academic Reputation, while its citation counts are below expected. 

However, it is also important to compare the results of the CIDI and BoD-CIDI index 

to analyse the consequences of assigning the indicators the most favourable 

weights in the defined weight range. Looking at the ranks presented in the Table 3, 

the results seem stable, and there are no major discrepancies. However, moving 

down the ranks, there are differences. Namely, the discrepancies are larger after the 

39th rank and go up to 6 places. The observed result indicates that the favourable 

weighting has more effect on the rank of the entities, which have previously been 

ranked in the bottom of the list. 

In addition, the correlation analysis between the three rankings has been 

performed. First, the Pearson’s correlation coefficients were calculated. All of them 

are significant (p<0.01), whereas the largest correlation is between the CIDI index 

and BoD-CIDI index values (r=0.996), and the lowest is between the official QS index 

and BoD-CIDI index values (r=0.890). Additionally, the Spearman’s correlation 

coefficients have been computed. The highest correlation is between the CIDI index 

and BoD-CIDI index ranks (rs=0.992, p<0.01), while the lowest is between the official 

QS index and BoD-CIDI index ranks (rs=0.910, p<0.01). The obtained results show all 

the correlations are high and that the rankings are similar. 

Besides elaborating the overall BoD-CIDI values and ranks, the university-specific 

weights should be analysed. The assigned weights of the top and the bottom five 

universities are therefore presented in Table 4. 
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Table 3 Values and ranks of top 15 universities by the BoD-CIDI model, alongside with 

values and ranks of the official QS ranking and the CIDI ranking 

University 

BoD-

CIDI 

values 

BoD-

CIDI 

rank 

QS 

values 

QS 

rank 

CIDI 

values 

CIDI 

rank 

Harvard University 0.973 1 0.946 2 0.964 1 

Stanford University 0.958 2 0.948 1 0.955 2 

University of California, Berkeley  0.957 3 0.939 3 0.947 3 

University of Cambridge 0.943 4 0.917 6 0.937 4 

University of Oxford 0.923 5 0.896 9 0.914 6 

Massachusetts Institute of Technology 0.923 6 0.914 7 0.919 5 

University of Michigan 0.923 7 0.871 12 0.902 7 

University of Toronto 0.913 8 0.833 19 0.895 10 

Imperial College London 0.907 9 0.917 5 0.897 9 

National University of Singapore  0.906 10 0.882 11 0.898 8 

Georgia Institute of Technology 0.896 11 0.933 4 0.877 13 

Princeton University 0.890 12 0.854 16 0.880 12 

Swiss Federal Institute of Technology 0.889 13 0.900 8 0.883 11 

University of California, Los Angeles 0.888 14 0.852 17 0.869 14 

The University of Hong Kong 0.872 15 0.809 22 0.855 17 

Source: Authors 

 

Table 4 Assigned weights to top and bottom five universities using the BoD-CIDI 

model 

University 
Academic 

Reputation 

Employer 

Reputation 

Citations 

per 

Paper 

H-Index 

BoD-

CIDI 

Rank 

Harvard University 0.163* 0.323** 0.219 0.295** 1 

Stanford University 0.163* 0.194* 0.348 0.295** 2 

University of California, Berkeley 0.163* 0.194* 0.348 0.295** 3 

University of Cambridge 0.163* 0.323** 0.219 0.295** 4 

University of Oxford 0.163* 0.323** 0.337 0.177* 5 

… … … … … … 

Shanghai Jiao Tong University 0.163* 0.299 0.361** 0.177* 46 

The University of Warwick 0.268 0.194* 0.361** 0.177* 47 

The Australian National University 0.163* 0.323** 0.337 0.177* 48 

Tokyo Institute of Technology 0.271** 0.194* 0.358 0.177* 49 

Eindhoven University of Technology 0.268 0.194* 0.361** 0.177* 50 
Note: * The weight restriction attains the lower bound, ** The weight restriction attains the upper bound 

Source: Authors 

 

Firstly, Table 4 provides evidence that the proposed model can be solved without 

violating any constraints. The sum of weights is 1 and the assigned weights are in the 

pre-defined interval. In addition, the presented table gives insight on how the model 

assigns weights. Take the example of Harvard University whose indicator values were 

0.918, 1, 0.936 and 1, respectively. The upper weight bound was assigned to 

indicators whose values were maximum, and not to the indicator that is the most 

important for the ranking process. Secondly, these results can be an additional 

source of information for the university administration. Namely, the new university 

specific weighting scheme can give a direction of further improvement of the 

university’s performance in the field of statistics and operational research. Taking a 

look at the top five universities, we can observe that values of their H-index are high 

and that their Academic reputation could be improved. Analysing the bottom five 

universities, we can conclude that their publishing productivity and scientific impact 
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could be enhanced, as indicator H-Index has been assigned the lower bound in all 

cases. 

Besides presenting the top and bottom five weighting schemes, we carried out 

descriptive analysis of the obtained optimal weights (Table 5). Minimum and 

maximum assigned weights are in fact the upper and lower bounds of the BoD-CIDI 

model. This result again shows that it is possible to solve the proposed model without 

violating the imposed constraints. Taking a closer look on the average values of the 

assigned weights, we can conclude that they differ compared to CIDI weights. The 

largest positive deviation is in the case of the most important indicator for the ranking 

methodology, in the case of indicator Citations per Paper. The average value of the 

assigned weight is 0.327 compared to 0.289 proposed by the CIDI methodology. 

Mean values also indicate that the importance of indicators based on subjective 

opinion of academics and employers could be additionally reduced. The weights 

assigned to the indicator Employer Reputation showed the greatest degree of 

variation, 25.21%. On the other hand, the weights assigned to the indicator Citations 

per Paper proved to be more stable and consistent as its coefficient of variation is 

15.29%. 

 

Table 5 Descriptive analysis of the assigned weights and CIDI weights 

 
Minimum Maximum Mean Std CV (%) CIDI weight 

Academic Reputation 0.163 0.271 0.186 0.045 24.19 0.217 

Employer Reputation 0.194 0.323 0.238 0.060 25.21 0.258 

Citations per Paper 0.219 0.361 0.327 0.050 15.29 0.289 

H-index 0.178 0.296 0.248 0.056 22.58 0.237 

Source: Authors 

 

Conclusions  
Composite indexes proved to be a valuable asset for government representatives, 

decision makers, citizens, and other stakeholders as they can initiate discussion and 

debate leading to reform (Nardo et al., 2005). However, their construction 

methodology has been a major stepping stone in their way of being widely 

accepted by statisticians and related practitioners. Namely, the veil of subjectivity 

often covers the process of composite index creation, especially the process of 

assigning weights to index indicators. 

This paper aims at introducing a new multivariate method for assigning flexible, 

data-driven weights to indicators, which make a composite index. The BoD-CIDI 

model presented herein is an extension of the BoD model, which aims to maximize 

the overall index value by assigning entity specific weights. The proposed model 

takes into account the results of the I-distance method as model constraints, 

surpassing the issue of full freedom of the BoD model (Rogge, 2012). The devised 

model was employed on the QS World University rankings in the field of statistics and 

operational research. The obtained results showed that the current weighting 

scheme could be altered and that the bibliometric indicators should be given more 

importance in the ranking process. 

The results of the BoD-CIDI index are highly correlated with both original QS 

ranking and the CIDI ranking. However, rank discrepancies have been noticed, 

especially in the bottom of the ranking list. The rank changes between the QS and 

the CIDI ranks are the consequence of a less biased and more objective weighting 

scheme proposed by the I-distance method. On the other hand, the observed rank 

variations between the CIDI and the BoD-CIDI ranks are due to the assignment of the 

most favourable weighting scheme to a certain university. 
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The analysis of the BoD-CIDI weighting scheme can provide valuable information 

for policy and decision makers at the institutional level. In the presented case study, 

the results clearly show that the institutions at the bottom of the ranking have lower 

values of the H-index and Employer Reputation. Meaning these two aspects should 

be improved to advance in the ranking. 

The presented paper has several benefits, which should be pointed out. First, it 

provides a new, data-driven weighting scheme using the CIDI methodology. 

Secondly, the BoD-CIDI model assigns entity specific weights, which maximize the 

composite index value. Thirdly, the proposed model overcomes the elaborated issue 

of full freedom of the original BoD model (Rogge, 2012) using an interval around the 

CIDI weights as weight constraints. However, the BoD-CIDI model has its limitations. 

Namely, the composite index values should be normalized before the model could 

be employed. One of the possible future directions of the study is to explore the 

influence of different normalization methods on the results of the BoD-CIDI model, 

along with the uncertainty and sensitivity analysis of both CIDI and BoD-CIDI indexes. 

We believe that the proposed model for scrutinizing composite indices and 

devising new weighting schemes employed on the QS World University Ranking in 

the field of statistics and operational research can initiate further research on the 

index itself, on the weighing schemes of composite indices, and on future 

improvements of the BoD model. 
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Abstract  
The goal of our research was to use simulation modelling for prediction of the 

Croatian First Football League seasonal ranking and analyse variation in teams’ 

performance during a season. We have developed a model of the number of goals 

scored by a team in a match based on the Poisson distribution. Parameters of the 

model were estimated from the data on consecutive matches in a season. Variation 

in a team’s performance was modelled as a moving parameter estimate. The final 

rankings were predicted from 1000 simulation runs of the second part of the season 

based on parameter estimates from the first part of the season. For each team the 

most frequent outcome of the simulation defined the team's rank. The method was 

tested on seasons 2014/15 and 2015/16. Prediction was correct for six teams in the 

season 2014/15 and five teams in the season 2015/16. Proposed methods enable 

dynamic monitoring of a team’s performance and prediction of final rankings during 

the season. An advantage of the prediction method is that in addition to predicting 

the final ranking it also estimates probabilities of alternative positions. 
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Introduction 
Our aim was to develop methodology to dynamically monitor teams’ performance 

and predict final rankings of teams in a league after the first half of the season is 

played and apply it to the Croatian football league. There is a wide range of 

benefits that such an analysis can provide. Teams' management can gain more 

objective assessment on (relative) strength of their team. Applied to a sliding window 

of matches during a season results can also signal decrease in team's quality that 

cannot be attributed to natural variation.  

Models in current literature are becoming complex and require large amount of 

data. On the other hand, Croatian league is relatively small (10 teams, 180 matches 

per season). Teams’ performance monitoring and prediction of final rankings had to 
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be based on final scores of ca. 90 matches. This imposed a strong restriction on the 

feasible number of parameters (i.e. degrees of freedom of the model). Therefore, we 

had to make some strong assumptions. We assume that number of goals scored by 

a team is a Poisson random variable with a constant parameter during the season, 

modified only by home advantage. Numbers of goals scored by two teams in a 

match are assumed to be independent. It is interesting to determine whether such a 

simple model is rich enough to enable prediction of the final rankings in Croatian 

Football League from data on only a part of a season. 

The rest of the paper is structured as follows. The next section presents literature 

review and some directions of further development in the area of football match 

score prediction. Research Methodology section introduces basic information on the 

Croatian Football League and the structure of data as well as methodology. The 

fourth section provides results for seasons 2014/15 and 2015/16 with discussion. Main 

findings are summarised in Conclusions. 

 

Literature review 
Sports analytics and predictive analytics captured the attention of both scientific 

and general audience after the appearance of the book Moneyball (Lewis, 2004) 

and the subsequent movie (Moneyball, 2011). They display now famous results of 

baseball team Oakland Athletics’ attributed to use of statistical analysis of the game 

and of players' performance. Football analytics still do not get such attention of 

general audience; however, they have been around for more than 30 years.  

The first models of football results were published in the 80's (e.g. Maher, 1982). 

Modelling number of goals scored by a team as a Poisson random variable was one 

of the first approaches. Further developments include prediction of league results 

(e.g. Lee, 1997) and use of bivariate distribution (e.g. Karlis and Ntzoufras, 2003). 

More recently, Constantinou et al. (2012) demonstrate use of a Bayesian network 

model for forecasting of match outcomes, Arabzad et al. (2014) use artificial neural 

networks to predict outcomes, and Dobravec (2015) demonstrates an approach for 

forecasting world cup results using a matrix-factorization model. Models in current 

literature are becoming more complex and require large number of parameters 

(e.g. team strength in attack and defence, separate estimate of home effect per 

team, etc.) which also requires structure  

 

Research methodology 
Data 
Data on Croatian Football League used in the paper and available at 

www.rezultati.com. They consist of games schedules and number of goals scored 

per team in each of the games played in seasons 2014/15 and 2015/16. The first 

Croatian Football League comprises 10 teams. During a season, every team meets 

four times with each other team, twice on home and twice on the opponent’s 

stadium. Schedule of games is known before the season starts. Teams score 3 points 

for every win and 1 point for every draw. Final ranking is based on the total number 

of points scored during the season.  

Tables 1 and 2 present number of games played, total number of goals scored by 

a team and rankings at the end of the winter part of the Season 2014/15 (Table 1) 

and Season 2015/16 (Table 2).  

 Number of games played in the winter part of a season was 95 for the Season 

2014/15, and 105 for the Season 2015/16. Data on scores of these games were used 

for prediction of final ranking for the seasons. 
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Methods 
We have modelled number of goals scored by each team as a Poisson random 

variable: 

  ,...1,0,
!




ke
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kXP t
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t 
, (1) 

Parameter 𝜆𝑡 depends on number of goals achieved by a team in previous 

matches. Since number of goals is larger when team plays home, and smaller when 

team plays away, we have added a home-bonus factor h. If A is the team playing 

home and B is the team playing away then: 

  AA th  11 , 

  BB th  11 , 
(2) 

where λ is an average number of goals scored per team in all matches, 𝑡𝐴  and 𝑡𝐵 

are team specific factors. 

Goals in a match where home team A is playing against away team B were 

modelled independently. If X was number of goals scored by team A and Y was 

number of goals scored by team B probability of score n:m was: 

     BABA mYPnXPmYnXP   ,, , (3) 

where X and Y were Poisson random variables with parameters 𝜆𝐴 and 𝜆𝐵. 

 

Table 1 Rankings at the end of the winter part of the Season 2014/15 
Team Games 

Played 

Home 

Games 

Played 

Away 

Goals 

Scored 

Home 

Goals 

Scored 

Away 

Points 

Scored 

Din. Zagreb 10 9 30 18 42 

Rijeka 9 10 29 14 33 

Hajduk Split 10 9 23 16 32 

Lok. Zagreb 9 10 17 19 31 

RNK Split 9 10 14 8 21 

Slaven Belupo 9 10 12 6 19 

Osijek 10 9 13 5 18 

NK Zagreb 10 9 14 11 18 

Istra 1961 9 10 8 11 16 

Zadar 10 9 14 4 9 

 

Table 2 Rankings at the end of the winter part of the Season 2015/16 
Team Games 

Played 

Home 

Games 

Played 

Away 

Goals 

Scored 

Home 

Goals 

Scored 

Away 

Points 

Scored 

Din. Zagreb 11 10 27 14 45 

Rijeka 10 11 21 14 43 

Hajduk Split 10 11 15 14 39 

RNK Split 11 10 16 6 32 

Lok. Zagreb 10 11 18 16 30 

Int. Zaprešić 11 10 11 8 22 

Slaven Belupo 10 11 13 11 21 

Istra 1961 11 10 13 6 19 

Osijek 10 11 8 7 19 

NK Zagreb 11 10 10 6 9 
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Home-bonus h was estimated as ℎ = 𝜆ℎ 𝜆 ⁄ − 1, where 𝜆ℎ  was the average number 

of goals scored per home team in all matches. Team specific factor t for a team that 
played n matches at home and m matches away was estimated as 𝑡 = 𝑔 𝑒⁄ − 1, 

where g was average number of goals scored by the team and e was expected 

number of goals scored by an average team that played n matches at home and 

m matches away, given by: 

mn

mn
e ah







. (4) 

We have estimated Poisson parameters 𝜆ℎ, 𝜆𝑎, home-bonus ℎ, and team specific 

factors from available data. For the purpose of monitoring teams’ performance, we 

have estimated the parameters on a sliding window of consecutive matches. For 

prediction of the final ranking, we have used parameter estimates from the first part 

of the season for simulation of match results for the rest of the season. Based on 

results of the simulation we have allocated points to the teams and generated a 

ranking. Simulations were run 1000 times. For each team probability of each position 

in final ranking was estimated as a proportion of simulation runs resulting with the 

team in that position. 

Prediction accuracy for Seasons 2014/15 and 2015/16 were compared with 

accuracy of naïve predictions based on ranking after the winter part of the seasons 

using Euclidean distance between predicted and actual rankings. 

Variation in a team’s performance was modelled by moving parameter 

estimates. For each team specific factors and home-bonus were calculated in 

moving time-frames of five consecutive games. Expression (2) was used to estimate 

teams' expected average number of goals per game, without correction for home 

advantage, over moving time frames. These estimates were used to monitor teams’ 

performance dynamics. 

 

Results 
Season 2014/15 
During the Season 2014/15, total number of games played was 180. In the winter part 

of the Season, there were 19 rounds with the total of 95 matches. Average number 

of goals scored per team (λ) was 1.505, average number of goals scored per home 

team ( 𝜆𝐻 ) was 1.832, and average number of goals scored per away team ( 𝜆𝐴 ) 

was 1.179. Home-bonus h was 0.216, i.e. teams achieved 21.6% more goals per 

game when playing home then in general. 

Estimates of teams' parameters are presented in Table 3. It is interesting to 

compare data in Table 1 and parameter estimates in Table 3. For the upper part of 

the table (the best four teams), their order in respect to the total number of points 

after the winter part of the Season corresponded to the order in respect to Poisson 

lambdas. For the middle and lower part of the table, these orders were not equal. 

Teams with higher number of goals scored tended to have higher lambdas then we 

would have expected based only on point rankings. Therefore, we expected to find 

a difference between a naïve prediction based on interim ranking after the winter 

part of the Season and our prediction based on simulation. 

Table 4 presents results of the simulation, along with rankings after the winter part 

of the Season and the final ranking of the Season. It shows that final ranking of teams 

is highly predictable. Six of the teams had final ranking position that was predicted 

by the model as the most likely. Slaven Belupo, Osijek and Istra 1961 had probability 

of the most likely position lower than 0.5. For these teams predicted final position 

missed achieved final position by one. The only surprise was RNK Split for which the 
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most likely position had probability above 0.5. Their achieved final position was equal 

to the position predicted as the second most likely. Euclidean distance between 

predicted and achieved final ranking was 2.00. In comparison, Euclidean distance 

between naïve prediction (using interim ranking after the winter part of the Season 

as prediction of the final ranking) and the final ranking was 2.83. Maximal deviation 

of naïve method was two, and for our model, it was one. 

Table 3 Poisson parameters λ for the winter part of the Season 2014/15 
Team 𝜆  𝜆ℎ 𝜆𝑎 

Din. Zagreb 2.498 3.039 1.956 

Rijeka 2.289 2.786 1.793 

Hajduk Split 2.029 2.469 1.590 

Lok. Zagreb 1.917 2.332 1.501 

NK Zagreb 1.301 1.583 1.019 

RNK Split 1.171 1.425 0.917 

Istra 1961 1.012 1.231 0.792 

Slaven Belupo 0.958 1.166 0.751 

Osijek 0.937 1.140 0.734 

Zadar 0.937 1.140 0.733 

Legend: 

𝜆  – Poisson parameter for play at neutral stadium 

𝜆ℎ – Poisson parameter for home game 

𝜆𝑎 – Poisson parameter for away game 

 

Table 4 Results of the simulation for Season 2014/15 with interim and final rankings 
Team Most likely 

position 

(probability) 

2nd  most 

likely position 

(probability) 

3rd most 

likely position 

(probability) 

Naïve 

ranking 

Final ranking 

Din. Zagreb 1 (0.973) 2 (0.027) - 1 1 

Rijeka 2 (0.980) 1 (0.016) 3 (0.004) 2 2 

Hajduk Split 3 (0.833) 4 (0.164) 2 (0.003) 3 3 

Lok. Zagreb 4 (0.867) 3 (0.128) 5 (0.005) 4 4 

NK Zagreb 5 (0.833) 6 (0.147) 7 (0.017) 7 5 

Slaven Belupo 7 (0.407) 8 (0.286) 6 (0.151) 6 6 

RNK Split 6 (0.597) 7 (0.214) 5 (0.109) 5 7 

Osijek 9 (0.404) 10 (0.277) 8 (0.220) 8 8 

Istra 1961 8 (0.356) 9 (0.238) 7 (0.224) 9 9 

Zadar 10 (0.658) 9 (0.240) 8 (0.080) 10 10 

Legend: 

Naïve ranking – ranking after the winter part of the Season 

Final ranking – ranking at the end of the Season 

 

 
Figure 1. Expected number of goals per game by teams in Season 2014/2015 based 

on the time frame of last five games  
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Figure 1 presents variation in teams' performance for some of the teams in the 

Season 2014/15. The analysis indicates that teams that ended in the last two positions 

had decreased their performance in the final rounds. Three top teams had some 

decline in performance in the middle of the Season, but two of them (Din. Zagreb 

and Rijeka) improved it in the finals. 

 

Season 2015/16 
During the winter part of the Season 2015/16 there were 105 matches played in 21 

rounds. Average number of goals scored per team (λ) was 1.209, average number 

of goals scored per home team (𝜆ℎ) was 1.448, and average number of goals 

scored per away team (𝜆𝑎) was 0.971. Home-bonus h was 0.197 i.e. teams achieved 

19.7% more goals per game when playing home and 19.7% less goals per game 

when playing away then when playing a neutral game. 

Expected number of goals scored by an average team (𝑒) for teams that played 

11 games at home and 10 games away was 25.638/21 = 1.221. Expected number of 

goals scored by a team that played 10 games home and 11 games away was 

25.162/21 = 1.198. These numbers were used to calculate team specific factors. For 

example, RNK Split scored 22 goals in winter part of the Season, playing 11 games 
home and 10 games away, so it’s team specific factor 𝑡 =  ((22/(11 + 10)/1.221) −
1 =  − 0.142.  

Table 5 presents Poisson parameters for all teams and different match scenarios 

(neutral ground, home, away). It is interesting to notice differences in team rankings 

based on total number of points after the winter part of the Season (Table 2) and 

those based on estimates of Poisson parameters (Table 5). For instance, Lokomotiva 

Zagreb and Slaven Belupo ranked higher in Table 5, and RNK Split ranked lower.  

 

Table 5 Poisson parameters λ for the winter part of the Season 2015/16 
Team 𝜆  𝜆ℎ 𝜆𝑎 

Din. Zagreb 1.934 2.315 1.553 

Rijeka 1.682 2.014 1.351 

Lok. Zagreb 1.634 1.956 1.313 

Hajduk Split 1.394 1.668 1.120 

Slaven Belupo 1.154 1.381 0.927 

RNK Split 1.038 1.242 0.834 

Int. Zaprešić 0.896 1.073 0.720 

Istra 1961 0.896 1.073 0.720 

NK Zagreb 0.755 0.903 0.606 

Osijek 0.721 0.863 0.579 

Legend: 

𝜆  – Poisson parameter for play at neutral stadium 

𝜆ℎ – Poisson parameter for home game 

𝜆𝑎 – Poisson parameter for away game 

 

The second part of the Season 2015/16 comprised 15 rounds with a total of 75 

games. Maximum number of points that a team could gain during the second part 

of the Season was 45. Table 6 shows three most likely positions for each team with 

estimated probabilities based on simulation. We predicted RNK Split to drop by one 

position, but they ended two positions lower than in interim ranking. Lokomotiva 

Zagreb improved its position as our model suggested. Inter Zaprešić significantly 

improved their performance in the second part of the season and was better than 

predicted. Osijek also significantly improved performance in the final 10 games 

(losing only 3 games, unexpected from a team near the bottom of the table). 
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Overall achieved final position was equal to the predicted most likely position for five 

teams. Euclidean distance between our prediction and the final ranking was 2.83, 

same as Euclidean distance between naïve prediction (using interim ranking after 

the winter part of the Season as prediction of the final ranking) and the final ranking. 

Maximal deviation of both naïve method and our model was two. 

 

Table 6 Results of the simulation for Season 2015/16 with interim and final rankings 
Team Most likely 

position 

(probability) 

2nd  most 

likely position 

(probability) 

3rd most 

likely position 

(probability) 

Naïve 

ranking 

Final ranking 

Din. Zagreb 1 (0.856) 2 (0.139) 3 (0.005) 1 1 

Rijeka 2 (0.757) 1 (0.134) 3 (0.099) 2 2 

Hajduk Split 3 (0.635) 4 (0.252) 2 (0.094) 3 3 

RNK Split 5 (0.785) 6 (0.165) 4 (0.033) 4 6 

Lok. Zagreb 4 (0.704) 3 (0.257) 5 (0.028) 5 4 

Int. Zaprešić 7 (0.445) 8 (0.292) 6 (0.151) 6 5 

Slaven Belupo 6 (0.616) 7 (0.184) 5 (0.152) 7 7 

Istra 1961 8 (0.438) 7 (0.292) 9 (0.198) 8 9 

Osijek 9 (0.663) 8 (0.223) 7 (0.068) 9 8 

NK Zagreb 10 (0.954) 9 (0.040) 8 (0.006) 10 10 

Legend: 

Naïve ranking – ranking after the winter part of the Season 

Final ranking – ranking at the end of the Season 

 

 
Figure 2 Expected number of goals per game by teams in Season 2015/16 based on 

time frame of last five games 

 

Figure 2 presents variation in a team’s performance for some of the teams in 

Season 2015/16. RNK Split team, which ended two positions lower than expected, 

had continuous decrease in performance in the second half of the Season. Istra 1961 

reduced its performance during the second part of the Season as well, leading to its 

penultimate position. 

 

Conclusions 
We have introduced a simple probabilistic model of football match scores based on 

Poisson distribution. Parameters of the model were estimated from data on match 

scores in the first part of the season, and we used them to simulate rest of the season 

and the final rankings. Model was tested on data for Seasons 2014/15 and 2015/16. 

Prediction from the model was better than naïve prediction (i.e. extrapolation of the 

interim ranking after the first part of the Season). In Season 2015/16, even though 

Dinamo and Rijeka had a similar number of points at the end of the winter part of the 

Season (Dinamo 45, Rijeka 43) there was a large difference in their probabilities of 
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winning the championship. On the other hand, analysis correctly pointed out that NK 

Zagreb was at a high risk of ending the Season in the last position. Advantage of this 

method is that in addition to providing prediction for the final ranking it also provides 

probabilities of alternative positions. For teams that have large difference between 

the probabilities of the most likely and the second most likely position, we may have 

high confidence in the prediction of their final position, under the assumption that 

there are no changes in the relative quality of play of all teams. However, for teams 

for which probabilities of alternate positions are not very different, confidence of 

prediction is lower. 

Demonstrated dynamical assessment of performance during a season could be 

used for detecting change in performance or validating effects of changes 

introduced in play. Such analyses could become a valuable tool for the team-

management decision support. Model can be used for a priori impact assessment by 

running simulations of different management strategies based on their expected 

effects on match results. 

In order to accommodate small amount of available data we had to make strong 

assumptions. This model does not accommodate variations in teams' performance. 

However, due to a small number of parameters it is possible to analyse part of the 

season, and thus monitor changes in teams' performances. It is also assumed that 

home advantage is the same for all teams and locations. In order to accommodate 

for variations in home advantage effects we would have to base our prediction on a 

larger set of matches. Similar argument could be put forward regarding 

independence of number of goals scored by the two teams in a match. Thus, we 

had to make a trade-off between model complexity and size of data. We show that 

even with these limitations it is possible to achieve reasonable prediction. 
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Abstract 
In this research, the impact of total early-stage entrepreneurial activity and 

competitiveness of the economy on the real gross domestic product (GDP) per 

capita is analyzed in a cross-section of world economies using the methods of 

correlation and multiple regression analysis. In the attempt to select between the 

linear and the double-logarithmic model, the regression diagnostics and quality of 

the relationship between the dependent and the independent variables were 

analyzed. The functional form of the model was tested by the MacKinnon, White and 

Davidson test. Model selection methods regarding the comparison of coefficients of 

determination and the Akaike information criterion were used. The results of the 

analysis show that independent variables have a statistically significant impact on 
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of competitiveness but inelastic to the changes of total early-stage entrepreneurial 
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Introduction 
Among the long list of variables that have been considered as the determinants of 

economic growth (Sala-i-Martin, 1997), in the last two decades the focus has 

increasingly turned to entrepreneurship (Holcombe, 1997, Wennekers, Thurik, 1999, 

Caree, Thurik, 2003, Audretsch, Keilbach, 2004, van Stel, Carree, Thurik, 2005, 

Wennekers, van Stel, Thurik, 2005, Wong, Ho, Autio, 2005, Acs, 2006, Audretsch, 2007, 

Stem, van Stel, 2009, Valliere, Peterson, 2009, Martin, Picazo, Navarro,2010). There is 

ever growing scientific evidence that entrepreneurial activities affect employment, 

productivity and economic development (Wennekers, Thurik, 1999, Carree, Thurik, 

2003). Therefore, the institutional environment that helps with the development and 

realization of entrepreneurship is crucial for the economic growth (Holcombe, 1997).  

Ever since entrepreneurship has been conceptualized by the Global 

Entrepreneurship Monitor (GEM) project in the 1997, empirical data on 

entrepreneurship has enabled the exploration of the relationship between 
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entrepreneurial activities and the level of economic development (Carree, Thurik, 

2003, Acs, 2006, Audretsch, 2007). The results of the research concerning the 

relationship between GEM’s entrepreneurship data and economic development 

show that this link depends upon the motives that drive individuals into 

entrepreneurship (necessity and opportunity motivated entrepreneurship), and that 

the level of economic development in addition to the motives for entrepreneurship 

determines the resulting effects on economic growth (van Stel, Caree, Thurik, 2005, 

Wennekers et al., 2005). Also, the research showed that only some types of 

entrepreneurial activities like nascent, start-up or entrepreneurial activity of 

employees have a positive relationship with economic growth, but that this 

relationship again is very sensitive and varies according to the development phases 

(van Stel et al., 2005, Wennekers et al., 2010). Entrepreneurship does not contribute 

to economic growth in less developed countries, in contrast to developed countries 

where high-growth entrepreneurship seems to have a strong effect on economic 

growth rates (Stam, van Stel, 2009, Wong, Ho, Autio, 2005, Valliere, Peterson, 2009). 

However, high-growth entrepreneurship is very rare so it is important to explain 

individual and contextual level of appearance of this type of entrepreneurship (Stam 

et al., 2012). 

Economic development can be explained by a long list of other important 

factors. Some of those are education, macroeconomic environment, investments, 

quality of institutions, technology and others. However, those factors are not 

independent in their nature, so some of them can simultaneously be significant 

(Schwab, Sala-i-Martin, 2011). Ever since 2005, the analysis of competitiveness relies 

on the World Economic Forum’s (WEF’s) Global Competitiveness Index (GCI). This 

index is “a comprehensive tool that measures the microeconomic and 

macroeconomic foundations of national competitiveness” (Schwab, Sala-i-Martin, 

2011, p. 4). Since the small size of the sample does not allow the inclusion of many 

independent variables in this research, the GCI is used in the models as a variable 

that combines those other factors important for explaining economic development. 

Hence, based on the GEM’s indicator of Total early-stage Entrepreneurial Activity 

(TEA) and WEF’s data on GCI, the aim of this paper is to analyze whether this 

indicator of entrepreneurial activity could be considered a statistically significant 

factor of economic development (measured as the level of real GDP per capita), 

and to investigate and test the shape of their relationship. More formally, the analysis 

in this research starts from the following hypothesis: Total early-stage entrepreneurial 

activity and competitiveness have a statistically significant and double-logarithmic 

relationship with the real GDP per capita. The methodology underlying this research 

is based on the methods of multiple regression analysis with the emphasis on the 

analysis of linear versus double logarithmic regression model. 

After brief introduction, in the second chapter of this paper the relevant literature 

is elaborated. In the third chapter the data and methods are described. The 

regression and model selection results along with the discussions are presented in the 

fourth chapter. The fifth chapter ends the paper with final conclusions. 

 

Literature review 
The GEM project was originally started with the objective of exploring the complex 

mechanism that relates entrepreneurship and economic development (Carree, 

Thurik, 2003, Acs, 2006, Audretsch, 2007), where entrepreneurship is defined as “any 

attempt at new business or new venture creation, such as self-employment, a new 

business organization, or the expansion of an existing business, by an individual, a 

team of individuals, or an established business” (Bosma et al., 2012, p. 20). Hence, 
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the GEM scientists defined the conceptual framework that determines the key 

elements of the link between entrepreneurship and economic development and the 

channels through which these elements interact. That model is based upon the 

concept that according to the phase of development of a country (factor-driven 

phase, efficiency-driven phase or innovation-driven phase (Porter, Sachs, McArthur, 

2002)), the impact of entrepreneurship on economic development differs 

(Wennekers et al., 2005). The research also showed that this impact varies due to the 

motives for entering entrepreneurship: opportunity or necessity motivated 

entrepreneurship (Acs, Arenius, Minniti, 2005, Wennekers et al., 2005). In countries 

with higher necessity motivated entrepreneurship rates, the GDP per capita is lower, 

while the opposite conclusion stands for opportunity-motivated entrepreneurship 

(Kelley, Bosma, Amoros, 2011). 

Wennekers et al. (2005) analyzed the GEM 2002 data for 36 countries that 

participated in the survey that year and found that nascent entrepreneurship has a 

U-shaped relationship (second-degree polynomial) with economic development 

(which they measured by per capita index or by an innovative capacity index). 

Opportunity and necessity entrepreneurship explain this U-shaped relationship 

(Wennekers et al., 2005). Wong, Ho and Autio (2005) also analyzed the 2002 GEM 

data set for 37 countries based on the adjusted Cobb-Douglas production function. 

Their results show that only high-potential entrepreneurial activity influences 

economic growth rates. 

Acs, Arenius and Minniti (2005) found a U-shaped link between TEA rate and per 

capita GDP (expressed in US$) for 2004 GEM data collected from 34 economies. This 

U-shaped relationship shows that the TEA rates are highest in factor-driven 

economies with lowest GDP per capita and that they decline as GDP per capita 

rises and economies enter the efficiency-driven phase of development. After 

reaching certain GDP per capita level, TEA rates start to rise as the per capita GDP 

further increases (in innovation-driven economies). Using GEM ‘s Total early-stage 

Entrepreneurial Activity rates for the year 2007, Wennekers et al. (2010) found a U-

shaped relationship between TEA rate and per capita income to be statistically 

significant. 

However, the results of the GEM research based on data for 54 countries in 2011 

do not support the U-shaped relationship of TEA and GDP per capita (expressed in 

purchasing power parity (PPP) $). The positive correlation for countries in innovation-

driven phase of development (the right hand tail of the U-shape curve) is not present 

in the 2011 data; instead the TEA rate is now declining as the GDP per capita level 

raises (Bosma, Wennekers, Amoros, 2012). Harmina, Dumičić and Cingula (2014) 

analyzed the GEM data for 2010 for 54 countries in the sample and found a double-

logarithmic relationship of TEA rate with the real GDP per capita (expressed in 2005 

international PPP$) for 2011. For this log-log model they reported the R2=0.521. 

Recent research showed that TEA rates are highest for countries in the factor-

driven phase of development, and that they decrease as the per capita GDP raises 

(Amoros, Bosma, 2014, Singer, Amoros, Moska, 2015). Based on the 2014 GEM data 

Singer, Amoros and Moska (2015) report a linear-log model with R2=0.3742 for the 

relationship between TEA rate and GDP per capita in PPP$.  

The results of empirical research indicate that the relationship between 

entrepreneurship and economic development moves from positive to negative and 

varies in shape throughout the years, but that all these results very much depend 

upon the types of entrepreneurial activities, the motivations for these activities and 

the level of economic development.  
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Research methodology  
Data 
For the purpose of empirical research, the data on three variables has been 

collected:  the real GDP per capita, the total early-stage entrepreneurial activity 

and the global competitiveness index (Table 1). With respect to the year of 

observation for the real GDP per capita as the dependent variable, the values used 

for independent variables (total early-stage entrepreneurial activity and global 

competitiveness index) are one year time lagged. The author thus simply assumes a 

short-run impact of changes in entrepreneurship and competitiveness values on the 

real GDP per capita. 

Table 1 The list of variables 
Variable 

name 

Variable 

description 

Variable units Data source Sample 

size (n) 

YGDPpc real GDP per 

capita for 2011 

international 

2005 PPP$ 

The World Development 

Indicators (World Bank, 2013) 

173 

XTEA total early-stage 

entrepreneurial 

activity for 2010 

% of 18-64 

population 

Key Indicators (Global 

Entrepreneurship Research 

Association, 2016) 

59 

XGCI global 

competitiveness 

index  for 2010 

1-to-7 (best) 

scale 

The Global Competitiveness 

Report 2010/2011 (Schwab, 

Sala-i-Martin, 2011) 

139 

Source: author’s work 

 

The main independent variable used for analysis is the total early-stage 

entrepreneurial activity. This variable measures the country’s entrepreneurial activity 

through entrepreneurial activity of nascent entrepreneurs and new business owner-

managers. Nascent entrepreneurs are individuals engaged in the process of starting 

a new business that paid salaries or wages for up to three months. Owners-managers 

of new business are those individuals whose entrepreneurial activity is measured by 

the payment of wages or salaries for the period from 3-42 months. The total early-

stage entrepreneurial activity (the TEA rate) is then the ratio of the total number of 

those two types of entrepreneurs to the size of the sample of the adult population 

aged 18-64 years (Global Entrepreneurship Research Association, 2016).  

Additional independent variable, the global competitiveness index (GCI) 

represents the weighted average of a number of different factors, all of which are 

important for competitiveness from the different perspective. Those factors are 

organized in twelve pillars of competitiveness (Schwab, Sala-i-Martin, 2011): 

institutions, infrastructure, macroeconomic environment, health and primary 

education, higher education and training, goods market efficiency, labor market 

efficiency, financial market development, technological readiness, market size, 

business sophistication and innovation. Even though all these pillars of 

competitiveness are in a certain amount important for all economies, they influence 

different economies in different ways due to the stages of development of these 

countries. Therefore, for the calculation of the GCI the phases of development are 

taken into consideration: higher the importance of pillars for a particular phase, 

higher the weights (Schwab, Sala-i-Martin, 2011).  

 

Methods 
The influence of chosen independent variables on the real GDP per capita in 2011 is 

analyzed by the means of correlation analysis and multiple regression analysis. The 

correlation analysis is based on the Pearson correlation coefficient (Wooldridge, 
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2013). The regression parameters were estimated by ordinary least squares (OLS) 

method for the linear multiple regression model given by:  

𝑦̂𝑖 = 𝛽̂0 + ∑ 𝛽̂𝑗𝑥𝑖𝑗

𝑘

𝑗=1

, 𝑖 = 1,2, … , 𝑛, (1) 

and, also for the double logarithmic (double-ln, or log-log) regression model 

(Asteriou, 2006) given by:  

𝑦 = 𝛽0 ∙ ∏ 𝑥
𝑗

𝛽𝑗 ∙ 𝑒𝜀

𝑘

𝑗=1

 ⇒ 𝑙𝑛𝑦 = 𝑙𝑛𝛽0 + ∑ 𝛽𝑗𝑙𝑛𝑥𝑗

𝑘

𝑗=1

+ 𝜀. (2) 

In search for the model that gives a better fit to the data, hypothesis testing and 

methods of model selection analysis were used. For both linear and double-

logarithmic model the regression diagnostics (Asteriou, 2006) was performed. 

Multicollinearity of the independent variables was tested with the average variance 

inflation factor (VIF) (Wooldridge, 2013). Serial correlation of residuals was tested with 

the Breusch-Godfrey serial correlation test (Asteriou, 2006). Further, the White test was 

used to test for (pure) heteroscedasticity of residuals and to test for model 

specification error (Gujarati, 2004). If cross-product terms are excluded from the 

White test procedure, then it is a test of pure heteroscedasticity, and if cross-product 

terms are included, then it is a test of both heteroscedasticity and specification bias 

(Harris, 1995). The normality of residuals was tested by the Jarque-Bera test 

(Maddala, Lahiri, 2009). Finally, based on the overall F-test, the statistical significance 

of each regression model was tested. 

Further, the functional form of the regression was tested by the MacKinnon, White, 

and Davidson test (MWD test) (Gujarati, 2004, Verbeek, 2012). In this test, both the 

linear and double logarithmic models are first estimated by OLS to obtain the 

estimates 𝑦̂𝑖 and 𝑙𝑛𝑦𝑖
̂ . Then the linear model is tested against its double logarithmic 

alternative by assuming the null hypothesis 𝐻0: 𝛿𝐿𝐼𝑁 = 0 (i.e. the model is linear) for the 

test regression 

𝑦𝑖 = 𝛽0 + ∑ 𝛽𝑗𝑥𝑖𝑗

𝑘

𝑗=1

+ 𝛿𝐿𝐼𝑁𝑍1 + 𝜀𝑖, 𝑖 = 1,2, … , 𝑛, (3) 

where 𝑍1 = (𝑙𝑛𝑦̂𝑖 − 𝑙𝑛𝑦𝑖
̂ ). One should reject 𝐻0 if the coefficient 𝛿𝐿𝐼𝑁 is statistically 

significant by the usual t test. Alternatively, for the double logarithmic model the test 

assumes the null hypothesis 𝐻0: 𝛿𝐿𝑂𝐺 = 0 (i.e. the model is double logarithmic) for the 

test regression 

𝑙𝑛𝑦𝑖 = 𝑙𝑛𝛽0 + ∑ 𝛽𝑗𝑙𝑛𝑥𝑖𝑗

𝑘

𝑗=1

+ 𝛿𝐿𝑂𝐺𝑍2 + 𝜀𝑖 , 𝑖 = 1,2, … , 𝑛, (4) 

where 𝑍2 = (𝑦̂𝑖 − exp (𝑙𝑛𝑦𝑖
̂ )).  

Similarly, one should reject 𝐻0 if the coefficient 𝛿𝐿𝑂𝐺 is statistically significant by the 

usual t test. The possible problem with using MWD test is that in a given situation 

either hypothesis cannot be rejected. 

The problem of choosing between two alternative specifications of the model 

was also analyzed regarding the model selection criteria. When choosing among 

candidate models (for comparing purposes and/or for forecasting purposes), it is 

important to distinguish between in-sample forecasting performance of a model (fitt 

of the data in a given sample) and out of-sample forecasting performance of a 

model (forecasts of future values based on the fitted model). Usually, the R2 and 

adjusted R2, Akaike information criterion(AIC), Schwarz Information criterion (SIC), 

Mallow’s Cp criterion, and forecast χ2 (chi-square) are used as model selection 

criteria and are all based on minimizing the residual sum of squares (Gujarati, 2004). 
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Model selection techniques that are used for out-of-sample model estimation usually 

refer to cross-validation methods (Maddala, Lahiri 2009). In this research the model 

selection analysis was conducted based on the comparison of coefficients of 

determination and Akaike info criterion. 

The comparison of the coefficients of determination for linear and double 

logarithmic model is based on the following procedure (Gujarati, 2004), described in 

two steps. In the first step the value exp (𝑙𝑛𝑦𝑖
̂ ) from double-ln model for each 

observation is obtained. Then the 𝑅2 between these values and actual 𝑦𝑖 according 

to the equation 

𝑅2 =
(∑ 𝑦𝑖𝑦̂𝑖)2

(∑ 𝑦𝑖
2)(∑ 𝑦̂𝑖

2)
 (5) 

is computed. This 𝑅2 value can now be compared to the 𝑅2 value of the linear 

model. Alternatively, in the second step, assuming all 𝑦 values are positive, 𝑙𝑛𝑦𝑖 is 

computed and the values for 𝑙𝑛𝑦̂𝑖 from the linear model are obtained, and finally the 

𝑅2 between these values in the manner indicated by the equation 5 is computed. 

This 𝑅2 value can now be compared to the 𝑅2 value of the double-ln model. 

The Akaike information criterion allows comparison and ranking of competing 

models and estimation of the best approximate of the “true” process underlying the 

data. Based on information theory, the Akaike information criterion (AIC) (Akaike, 

1973) measures the relative distance of models to the “truth” model for a given set of 

data. AIC is calculated as (Burnham, Anderson, 2002) 

𝐴𝐼𝐶 = −2𝑙𝑜𝑔𝐿 + 2𝑘, (6) 

where k is the number of estimated parameters, and L is the maximum value of the 

likelihood function for the model. AIC represents the compromise between bias and 

variance (goodness of fit of the model and the complexity of the model). In the 

special case of ordinary least squares (OLS) estimation, AIC can be expressed as a 

simple function of the residual sum of squares. If all the models in the set assume 

normally distributed errors with a constant variance, then AIC can be computed as 

(Gujarati, 2004) 

𝐴𝐼𝐶 = 𝑒2𝑘 𝑛⁄ ∑ 𝑢̂𝑖
2

𝑛
= 𝑒2𝑘 𝑛⁄ 𝑅𝑆𝑆

𝑛
, (7) 

where 𝑘 is the number of estimated parameters (including the intercept and 

variance) and 𝑛 is the number of observations. The selection of the “best“ model is 

made based on the lowest value of AIC. AIC is helpful for in-sample and out-of- 

sample forecasting performance of a regression model. For small sample sizes (n/k is 

roughly less than 40) a modified version of AIC (AICc) is recommended (Hurvich, Tsai, 

1989). The AICc is given by 

𝐴𝐼𝐶𝑐 = 𝐴𝐼𝐶 +
2𝑘(𝑘+1)

𝑛−𝑘−1
. (8) 

In the next chapter the results of the empirical analysis are presented. 

 

Results and discussion 
Correlation analysis  
The first aim here is to verify the relationship between real GDP per capita in 2011 (in 

PPP$) and the chosen explanatory variables. The second aim is to examine the 

shape of the relationship between the dependent and the independent variables. 

The third aim is to investigate the possible relationship between total early-stage 

entrepreneurial activity and global competitiveness index.  

All three variables were analyzed in pairs with taking the maximum cross-section 

of all available observations for the pair under consideration into account. The 

scatterplot at Figure 1 presents the results of the correlation analysis conducted by 
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Harmina, Dumičić and Cingula (2014), who analyzed the relationship between real 

GDP per capita in 2011 (int. 2005 PPP$) and total early-stage entrepreneurial activity 

in 2010 for the sample of 54 countries that were found in cross-section of available 

data on these two variables. They found a strong negative correlation between real 

GDP per capita and TEA rate and observed the higher coefficient of determination 

(𝑅2 = 0.521) with the power function used as the functional form of the simple 

regression model than with the simple linear regression model (𝑅2 = 0.357) (Harmina, 

Dumičić, Cingula, 2014). 

 

 
Figure 1 Scatterplot for real GDP per capita (int. 2005 PPP$) and total early-stage 

entrepreneurial activity 
Source: Harmina, Dumičić, Cingula, 2014. 

 

 
Figure 2 Scatterplot for real GDP per capita (int. 2005 PPP$) and global 

competitiveness index 
Source: author's work 

 

The scatterplot in Figure 2 shows that the correlation between GCI and real GDP 

per capita (the cross-section of data on these two variables resulted in sample size 

n=128) could also be double logarithmic (the power function) (𝑅2 = 0.724) rather 

than linear. 
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The Pearson correlation coefficients for the natural log values of all pair of 

variables has also been calculated, taking into account the different sample sizes for 

different pairs. The results are summarized in Table 2. 

 

Table 2 Correlation coefficients for log of real GDP per capita in 2011 (int. 2005 PPP$) 

and logs of values of TEA and GCI 
 

logGDPpc11 logTEA10 logGCI10 

logGDPpc11 1 

n=173 
  

logTEA10 -0.72 

n=54 

1 

n=59 
 

logGCI10 0.86 

n=128 

-0.63 

n=57 

1 

n=139 

Source: author’s work 

 

The linear correlation coefficient between the natural log of real GDP per capita 

in 2011 and the natural log of the TEA rate in 2010 (-0.72) shows that lower values of 

real GDP per capita (int. 2005 PPP$) correspond to the economies with a higher TEA 

rate. The negative sign of the correlation coefficient for TEA is in line with previous 

findings and is explained by the different effects that opportunity and necessity-

motivated entrepreneurship have on economic development (Acs, Arenius, Minniti, 

2005). 

Based on their log values, the total early-stage entrepreneurial activity and the 

global competitiveness index are in a negative correlation (-0.63). This result could 

mean a problem with multicollinearity of independent variables. Though, Baltagi 

(2008, p. 76) writes that “Maddala (2001) argues that high intercorrelation among 

the explanatory variables are neither necessary nor sufficient to cause the 

multicollinearity problem”, and that “in practice, multicollinearity is sensitive to the 

addition or deletion of observations”. 

Still, because of this moderately high correlation coefficient, the correlation 

analysis was conducted for the sample of following 36 countries that were found in 

cross-section of all available data (all three variables) and that form the total sample 

size used for the regression analysis: Australia, Belgium, Bosnia & Herzegovina, Brazil, 

Chile, China, Colombia, Croatia, Denmark, Finland, France, Germany, Greece, 

Hungary, Ireland, Japan, Korea (South), Latvia, Malaysia, Mexico, Netherlands, 

Pakistan, Peru, Portugal, Romania, Russia, Slovenia, South Africa, Spain, Sweden, 

Switzerland, Trinidad & Tobago, Turkey, United Kingdom, United States of America 

and Uruguay. The results are shown in Figures 3 and 4 and in Tables 3 and 4. 

Based on the coefficients of determination for linear and double-ln model, from 

scatterplot in Figure 3 it is obvious that the performance of linear and double 

logarithmic functional form of the relationship between real GDP per capita and 

entrepreneurship is almost equally good, only a little in the favor of the double-ln 

form. Though, this result for the sample of 36 countries compared to the diagram in 

Figure 1 is much weaker. 

Scatterplot in Figure 4 shows that the linear function would be a better choice for 

describing the relationship between the real GDP per capita and global 

competitiveness index than the power function. This result is opposite to the result 

suggested by scatterplot in Figure 2. The coefficients of determination shown in 

Figure 4 are also much lower than those presented in Figure 2. 

It seems that both linear and double logarithmic model could be potentially a 

good start for modeling the influence of total early-stage entrepreneurial activity 
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and global competitiveness index on the real GDP per capita for the sample of 

these 36 countries, but that double logarithmic functional form of the model would 

be a better choice if a larger sample would be available. 

 
Figure 3 Scatterplot for the sample of 36 countries for real GDP per capita in 2011 

(int. 2005 PPP$) and TEA rate 
Source: author's work 

 

 
Figure 4 Scatterplot for the sample of 36 countries for real GDP per capita in 2011 

(int. 2005 PPP$) and GCI 
Source: author's work 

 

By calculating the Pearson’s correlation coefficients for both competing model 

forms, the potential multicollinearity issue observed in larger sample is also addressed 

within the final smaller sample(n= 36). The linear correlation coefficients for original 

values are presented in Table 3 and for their log transformed values in Table 4. 

 

Table 3 Correlation matrix for original values of all variables (n=36) 

 GDPpc11 TEA10 GCI10 

GDPpc11 1   

TEA10 -0.51 1  

GCI10 0.82 -0.37 1 

Source: author’s work 
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Table 4 Correlation matrix for logs of values of all variables (n=36) 
 logGDPpc11 logTEA10 logGCI10 

logGDPpc11 1   

logTEA10 -0.53 1  

logGCI10 0.78 -0.41 1 

Source: author’s work 

 

From the correlation coefficient -0.37 (Table 3) between TEA rate and the GCI 

index in original values and from the coefficient -0.41 (Table 4) between the log of 

TEA and log of GCI, it can be seen that within this sample it is unlikely to expect 

serious problems with multicollinearity of independent variables. 

 

Regression analysis results 
The multiple regression analysis as well as the regression model evaluation and 

regression diagnostics (Asteriou, 2006) was conducted for linear and double-

logarithmic model for the sample of 36 countries. The results are shown in Table 5. 

 

Table 5 Results of linear and double-logarithmic regression for real GDP per capita in 

2011 (int. 2005 PPP$) and diagnostics tests 
 

 Dependent variable 

 YGDPpc11 ln YGDPpc11 

Model linear double-ln 

Independent variables 

(SE) 

C 
-38831.38* 

(9483.84) 

5.2540* 

(0.9949) 

XTEA10 
-497.23** 

(203.40) 
- 

ln XTEA10 - 
-0.3007** 

(0.1337) 

XGCI10 
14073.45* 

(1874.91) 
- 

ln XGCI10 - 
3.4005* 

(0.5615) 

𝑅2 0.728 0.658 
𝑅̅2 0.711 0.638 
𝑉𝑦̂ 27.13 3.88 

F (p-value) 44.12 (0.0000) 31.78 (0.0000) 

n 36 36 

k 2 2 

VIF average 1.161 1.202 

Breusch-Godfrey test (lags=2) (p-value) 0.5317 (0.7666) 1.1854 (0.5528) 

White test - included cross-terms (p-value) 

White test - excluded cross-terms(p-value) 

5.0699 (0.4074) 

0.0673 (0.9669) 

9.5843 (0.0879) 

4.1265 (0.1270) 

Jarque-Bera test (p-value) 0.6832 (0.7106) 5.1136 (0.0776) 

Akaike info criterion 20.31021 0.989442 

Source: author’s work. Note: Significant at 1%(*), 5%(**), 10%(***). 

 

In both regression models, all regression coefficients are statistically significant at 

5% significance level. The results of the diagnostics tests show that both models satisfy 

the regression assumptions (Asteriou, 2006). 

Multicollinearity of the independent variables does not exist since the average VIF 

is smaller than 5 in linear as well as in double-ln model. The Breusch-Godfrey serial 

correlation test was performed and the results show that the null-hypothesis that the 

serial correlation of residuals up to order 2 does not exist might not be rejected at the 



  

 

34 

 

Croatian Review of Economic, Business and Social Statistics (CREBSS) Vol.  2, No. 1, 2016 

5% significance level (p-values for test statistic in both models are higher than 0.05). 

The White test was used to test for (pure) heteroscedasticity of residuals and to test 

for model specification error. The White test results with cross-terms excluded show 

that at the 5% significance level the null-hypothesis might not be rejected, so there is 

no pure heteroscedasticity in either model. Also, with cross-terms included in the test 

procedure, at 5% significance level no heteroscedasticity and specification bias was 

found in linear, as well as in double-ln model. Based on the Jarque-Bera test it was 

determined that at the 5% significance level the null-hypothesis that the residuals are 

normally distributed might not be rejected. Finally, based on the overall F-test, both 

regression models are statistically significant. Hence, both models have good 

diagnostics so neither model can be eliminated from further analysis in this research. 

In the next paragraph the functional form of the regression model was tested in 

order to investigate which model fits the data better. 

For the purpose of choosing between a linear regression model and a double 

logarithmic regression model the MWD test was used.  

 

Table 6 MWD test for linear and double-ln model 
 

 Dependent variable 

 YGDPpc11 ln YGDPpc11 

Independent variables 

(SE; p-value) 
linear model double-ln model 

C 
-36478.83* 

(10488.38; 0.0015) 

4.8885* 

(1.0289; 0.0000) 

XTEA10 
-537.44** 

(218.07; 0.0193) 
- 

ln XTEA10 - 
-0.3178** 

(0.1333; 0.0232) 

XGCI10 
13685.97* 

(2020.56; 0.0000) 
- 

ln XGCI10 - 
3.6444* 

(0.5900; 0.0000) 

Z1 
-4417.02 

(7994.16; 0.5844) 
- 

Z2 - 
-0.00003559 

(0.00002847; 0.2203) 

𝑅2 0.730 0.674 
𝑅̅2 0.705 0.644 

F (p-value) 28.90 (0.0000) 22.07 (0.0000) 

n 36 36 

k 3 3 

Source: author’s work. Note: Significant at 1%(*), 5%(**), 10%(***). 

 

The results of the MWD test (see Table 6) show that the null hypothesis that the 

model is linear cannot be rejected (the coefficient of the variable Z1 is not 

statistically significant since the p-value of the estimated t equals 0.5844). On the 

other hand, the hypothesis that the model is double-ln also cannot be rejected (p-

value for parameter next to variable Z2 equals 0.2203). Based on the MWD test the 

decision which functional form of the model is better cannot be made. 

In the next subchapter the choice between two alternative specifications of the 

model was conducted based on the model selection criteria. 
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Regression model selection  
In this research, the appropriate regeression model selection was conducted based 

on the comparison of coefficients of determination and Akaike info criterion. 

For comparison of two models based on the coefficient of determination (𝑅2) the 

assumption that the sample size n and the dependent variable are the same must 

be fulfilled, while the independent variables can take any form (Gujarati, 2004). Thus 

for linear and double logarithmic models the computed 𝑅2 terms cannot be 

compared directly (i.e. conclusion that the 𝑅𝐿𝐼𝑁
2 = 0.728 >  𝑅𝐿𝑂𝐺

2 = 0.658 cannot be 

made). The results of coefficients of determination comparison procedures are 

summarized in the Table 7. 

 
Table 7 Comparing 𝑅2 and 𝑉𝑦̂ between linear and double-ln model 

 

 Dependent variable  

 YGDPpc11 ln YGDPpc11  

𝑅2 based on  
𝑌𝐺𝐷𝑃𝑝𝑐11 and  𝑌̂𝐺𝐷𝑃𝑝𝑐11 

0.728 

(linear) 

0.658 

(double-ln) 

𝑅2 based on  

𝑙𝑛𝑌𝐺𝐷𝑃𝑝𝑐11 and  𝑙𝑛𝑌̂𝐺𝐷𝑃𝑝𝑐11 

Procedure 1 

𝑅2 based on  

𝑌𝐺𝐷𝑃𝑝𝑐11 and  𝑒𝑥𝑝(𝑙𝑛𝑌̂𝐺𝐷𝑃𝑝𝑐11) 

0.698 

(double-ln) 

0.667 

(linear) 

Procedure 2 

𝑅2 based on  
𝑙𝑛𝑌𝐺𝐷𝑃𝑝𝑐11 and  ln (𝑌̂𝐺𝐷𝑃𝑝𝑐11) 

Source: author’s work 

 

Computation of 𝑅2 for double-ln model by following the procedure 1 resulted in 

𝑅2 = 0.698 that is now comparable to the original 𝑅2 = 0.728 of the linear model. 

Since the 𝑅2 value for the linear model is a little bit higher than that derived for the 

double-ln model, it seems that linear model gives a better fit. Alternatively, by 

following procedure 2 the 𝑅𝐿𝐼𝑁
2 = 0.667 was obtained, which is higher than original   

𝑅𝐿𝑂𝐺
2 = 0.658. Hence, using either procedure, seems that the linear model gives a 

slightly better fit. However, since the coefficient of determination measures in-sample 

goodness of fit, there is no guarantee that (based on the relatively high value of 

coefficient of determination) the “better” model will forecast well out-of-sample 

observations. 

Models can be compared using the AIC (AICc) criterion only when they have 

been estimated for exactly the same data set (Burnham, Anderson, 2002). Therefore, 

in our research the AIC for linear (20.31021) and AIC for double-ln model (0.989442) 

cannot be directly compared. 

In the spirit of a Cobb-Douglass production function and economic development 

theory, the usage of double logarithmic transformations of variables when modelling 

productivity levels of economies is supported by economic theory (Samuelson, 

Nordhaus, 2007). The correlation analysis results performed in this research showed 

that the relationship between real GDP per capita and independent variables in a 

bigger sample could indeed be double logarithmic. Further, from the statistical point 

of view the analysis results that are in favour of the linear model are only slightly 

better than those in the favour of the double-ln model. Taking all this into account, 

the final choice for modelling the relationship between entrepreneurship, 

competitiveness and the real GDP per capita is the double logarithmic model given 

in Table 5. 

For the double-ln model, the regression coefficient 𝛽̂1 = −0.3007 implies that a 1% 

increase in the TEA rate (while keeping the GCI value constant) is followed by the 

average decrease in the real 2011 per capita GDP regression value for 0.3007%. 

Hence, the real per capita GDP is inelastic to the changes of the TEA rate (keeping 

GCI constant). 
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The regression coefficient 𝛽̂1 = 3.4005 shows that if the global competitiveness 

index value would increase for 1% (without changing the TEA rate) the real GDP per 

capita would on average react with an increase of 3.4005%. This result implies that 

the real GDP per capita is elastic to the changes of the GCI. 

The adjusted coefficient of determination in double-ln model shows that 63.8% of 

the variation in logs of real GDP per capita is explained by the variations of logs of 

TEA and GCI. 

 

Conclusions 
In this research modeling the relationship between total early-stage entrepreneurial 

activity, global competitiveness index and real GDP per capita with the methods of 

multiple regression analysis was supported by the correlation analysis. The results of 

the correlation analysis show that both linear and double logarithmic model form are 

possible in the sample used for regression, but that double logarithmic model would 

be a better choice when bigger sample is analyzed. The regression analysis resulted 

in two statistically valid models: the linear and double-ln model. It has been found 

that both variables, TEA and GCI, are statistically significant at 5% significance level 

in each model, and that both models satisfy regression assumptions. Further the 

functional form of the model was tested in order to determine which of the two 

models gives a better fit to the data. For that purpose the MWD test was used. The 

results of the MWD test showed that the hypothesis that the model is linear cannot 

be rejected. Also, the test showed that the hypothesis that the model is double 

logarithmic cannot be rejected as well. Therefore, the analysis was continued with 

model selection methods. First, the procedure that compares the coefficients of 

determination of linear and double-ln model in case when the dependent variable 

in those two models comes in different forms was conducted. It has been found that 

the 𝑅2 value for the linear model is higher than the 𝑅2 value of double-ln model. This 

led to the conclusion that the linear model rather than the double logarithmic model 

explains the variations in real GDP per capita better, but only slightly better. Second, 

the usage of Akaike information criterion did not lead to the choice of a “better” 

model since its values are not comparable across different functional forms of the 

model. Finally, taking all these statistical results alongside economic theory and 

previous research on the topic into account, the choice has been made in favor of 

the double logarithmic regression model. From the estimated double logarithmic 

model, it was found that TEA has a negative, and GCI has a positive impact on real 

GDP per capita. This means that if a country’s competitiveness remains unchanged 

and total early-stage entrepreneurial activity rises, on average it causes a decrease 

in GDP per capita level. On the other hand, if the total early-stage entrepreneurial 

activity rate in an economy stays the same, but its competitiveness rises, it will (on 

average) lead to a rise in GDP per capita level. Also, the real GDP per capita is 

found to be elastic to the changes of global competitiveness index, but inelastic to 

the changes of total early-stage entrepreneurial activity. 

Since the main limitation of this research concerns the limited number of 

observations and time frame which is actually a point in time, a panel data analysis 

over a longer time period could be a good start for the future research. Also, in this 

research the detection and treatment of outliers, leverage points and influence 

points has been ignored, but should be addressed in the future research. An 

important issue that is also to be resolved in the future analysis is the predictive 

quality of a model, so model selection analysis from the perspective of cross-

validation techniques should be performed. 
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Abstract 
The concept of quality management in the public sector is nowadays more popular 

than ever before. Since it forms in the fields of public interest, public companies, 

institutions and organizations are crucially important for the development and the 

functioning of any social and modern society. Therefore, those organisations are 

expected to perform transparent, efficient, democratic and socially righteous work 

with the goal of maintaining and improving the quality of a nation’s economic life. In 

Bosnia and Herzegovina, the public sector is specific and additionally complicated 

by a complex political system, legal procedures and the constitutional structure and 

as such, it is often very ineffective. The main purpose of the implementation of ISO 

9001 is to introduce a system of quality management and improve the quality of 

public services as well as to ensure customer satisfaction. Therefore, the goal of this 

paper is to present the concept of customer satisfaction and selected statistical 

methods in quality management, and to apply a part of these methods through 

secondary research and analysis of published reports about customer satisfaction 

with services of the public sector in Bosnia and Herzegovina. Results of the study 

have confirmed greater user satisfaction with service in the public sector in units of 

local self-government with an implemented ISO 9001 standard implemented ISO 

9001 standard than in units in which the standard has not been implemented.  
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Introduction 
Customers' satisfaction is one of the basic principles in the work of each service 

organization, thus organizations from the public sector, however, it is often said that 

the commitment to quality is actually a commitment to the customer (user). Without 
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the focus on citizens as service users, the purpose and commitment to the quality of 

public sector organizations becomes meaningless. In the profit-oriented enterprises, 

the degree of satisfaction of consumers and users of services largely determines the 

future business success of that company in the market because  satisfied customers 

or users of services are precisely the force that generates most of the current and 

future operating revenues and those who create value for the organization (Ilić, 

Živković, 2001). 

Very important aspect of this approach, systems for quality management 

promotes business policy based on consistent meeting of consumer’s needs, wishes 

and demands. The international standard ISO 9001 notes necessity for defining and 

meeting requirements of users/consumers with the goal of increasing their 

satisfaction. According to the standard requirements, an organization must 

determine the requirements, which are specified by the user, including the 

requirements for delivery and requirements for activities after delivery. Without this, a 

commitment to the quality becomes meaningless since the product or service 

become useless if you do not have customers. 

This paper wants to explore a principle of business direction of the public sector 

organisations towards citizens as the users of these services, and to identify areas of 

possible improvements of satisfaction of the public services users by implementing 

ISO 9001 standard. 

As a base for exploring the impact of the implementation of quality management 

system on the level of satisfaction of users of public services served the project 

"Monitoring of public services at the local level-Citizens and local authority together 

to reach better services", which examined satisfaction of citizens in 25 units of local 

government at the state level of Bosnia and Herzegovina and to give their own 

contribution, the research was extended and amended with the results of its own 

examination of citizens' satisfaction with public services in five local government units 

with different degrees of development, urban and rural orientation and territorial 

diversity, by which we come to a total of 30 local government units covered by this 

research. 

Based on such collected data, it will be examined a difference in users’ 

satisfaction when it comes to quality, maintenance, access, availability, costs, 

regularity and timeliness of delivery in the BiH public sector. Besides introductory and 

concluding remarks, the paper is written using four interrelated parts. In the first part 

of the paper were presented some previous researches, while in the second part 

was presented theoretical basis of the customer’s satisfaction as one of the basic 

principles in the work of the private and public sector organisations and in this part of 

the paper was presented basic statistical methods for managing quality in the phase 

of identification of users’ wishes and needs;  the third part of the paper will be 

dealing with analysis of the current situation when it comes to the operating of the 

public sector and the implementation of standard ISO 9001 in Bosnia and 

Herzegovina. The methodology and results of the research are presented in the 

fourth part of the paper. 

 

Literature review 
Until today, in the literature and practice there have been many debates about 

whether it is possible to transfer quality management from private sector into public 

adequately. Stringham (2004) gives an affirmative answer stressing that quality 

management can be very compatible to the management in the public sector 

despite the scepticism of some authors. Ramseook-Manhurrun, Lukea-Bhiwajee and 

Naidoo (2010) by examining the customer’s satisfaction with the services of the 
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public transport emphasized the importance of researching customer satisfaction 

with the quality of services, regardless of whether the organization has been 

operating in the private or public sector, pointing out that it is expected that the 

organization of the public sector continuously improves quality in order to surpass the 

expectations of their customers. 

From the onset of the first theories and models of their measurements until now, 

the quality of services has remained closely linked to the definition and meaning of 

the concept of customer's satisfaction. Most often in research, especially in everyday 

speech these two categories are on the same level, however there are a number of 

authors who, on the other hand, point out that in fact it is about mutually dependent 

categories instead of identical categories. Boulding, Karla, Staelin and Zeithaml 

(1993) in their research come to the conclusion that customer satisfaction is not 

synonymous to the quality of services but it actually marks cumulative measure. 

Oliver makes a distinction between these two terms saying that the quality of service 

actually proceeds to customer satisfaction (Oliver, 1981), while Woodside, Frey and 

Daly see causality between these two categories in the opposite directions 

(Woodside, Frey, Daly, 1989). Gorji and Sargolaze (2011) in their research of 

dependence between service quality of an insurance companies and customer's 

satisfaction, which are categorised on to users of the private, and public sector 

came to conclusion that not all dimensions of service quality have the same impact 

on the satisfaction of users of these two categories. 

When it comes to so far conducted researches in BiH, Huseinspahić (2010), let us 

say, evaluate the SERVQUAL model as valid and appropriate in assessing the 

experienced quality of health care services in the University Clinical Center Tuzla, 

and in his research he highlights the tangibles, reliability and safety as key dimensions 

by which it is possible to increase the perceived quality. Babić-Hodović and 

Činjarević apply SERVQUAL model  in the field of public education, and by 

measuring the perception of education's service quality of Faculty of Economic 

Science in Sarajevo they have determined dimensions of quality that are by the 

opinion of users rated as the most important, but at the same time as dimensions with 

the largest deviations in the difference between the perceived and the expected 

quality, which is a clear signal for the administration in which direction it is necessary 

to act if we want to keep the current situation in the market and provide an 

advantage over the competition (Babić-Hodović, Činjarević, 2008). The same 

authors, by applying SERVPERF model, have shown different effects of certain quality 

dimensions to the students' loyalty for the institution of higher education (Babić-

Hodović, Činjarević, 2009). 

 

Statistical methods of quality management in phases of 

identification the needs and desires of customers 
The customer, which buys a product or service, has certain needs and expectations 

to satisfy its needs with a purchased product or service. The attitude of the customer 

about the level of satisfaction with its needs and expectations is crucial for quality of 

product or service. Of course, the manufacturer must take into account the 

compatibility with the technical documentation, the quality of construction and 

reliability; however, the final word gives the user of the goods. It should bear in mind 

that under the term user of the product goes not only associates but also employees 

of the company as well, which use in their works half-products as phase products, 

which come from the previous phases (Šehić, 2002). 

The same goes for public companies, since they are companies that are founded 

by the state or unit of local self-government, whose main task is to provide services to 
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the citizens and general public. The interest of the citizens as taxpayers for the values 

such as quality, available service and service on-time, transparency in the work, 

impartiality of public administration, social justice, responsibility of public 

management, equal opportunities for all social groups, etc. imposes to public 

organizations the need for continually improving the quality of their service. This 

further leads to the need for defining and respecting the users’ expectations 

especially in transition countries, where most citizens rely on the services of the public 

sector due to the general economic situation which does not allow a choice of 

private health care, private schools, colleges and other forms of purchasing public 

services. The above mentioned reasons point out to the importance of the 

implementation of quality systems into units of local self-governments. In fact, public 

sector organizations must begin directing its activities towards the needs of users, just 

as it is the case with the private sector. 

Besides external users, internal users as well are very important for providing of the 

quality. In this sense, business ethics and social responsibility, safety at work, health 

care, environmental awareness, exchange of information about the quality within 

the organization and similar procedures are also part of orientation towards users. 

Customer's satisfaction is related to the needs and desires of users, considering 

that these are mutually dependent categories. It is therefore of great importance to 

test the needs and desires in order to adjust and reshape the public services 

according to the obtained information. 

Quality Function Deployment (QFD) was developed in Japan. It involves 

incorporation of wishes and needs of users in the design of products and services. It is 

based on a set of matrices, in which the basic matrix connects the needs and wishes 

of the users on one side and their corresponding technical demands on the other. 

Often to the basic matrix are added weights of the importance of individual user's 

requirements, the correlation matrix of individual technical requirements and 

assessment of the competition, therefore including the constituent elements it is 

possible to construct a set of matrices known by the term "house of quality". 

Customer needs analysis is the attempt and effort of complete quality 

management, which in relation to users tries to obtain the specific answer to 

questions such as: 

 What are the main outputs of your own production process? 

 Who are our customers, internal as well as external ones for the each of the above 

outputs? 

 What are by the opinion of the users’ main quality characteristics of certain 

outputs? 

 How to measure the performance of these characteristics and in particular the 

key ones? 

 Which objectives, considering these criteria would be satisfying for the desires and 

needs of consumers? (Skoko, 2000, 186) 

In this regard, an important role may have the complaints from users. Complaints 

of citizens on the work of local self-governments in BiH are ensured by law 

regulations. Specifically, Article 46 of the Law on Principles of Local Self-Government 

in the Federation of Bosnia and Herzegovina ("Official Gazette of Federation of BiH", 

no. 49/06) and Article 80 of the Law on Local Self-Government in the Republic of 

Serbia ("Official Gazette of the Republic of Serbia", no. 101/04) prescribes the duty of 

the authority of local self-governments to provide citizens and legal entities to submit 

letters and complaints on their work as well as the work of their institutions and 

bodies, and the improper behaviours of employees in these institutions. On the 
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submitted petitions and complaints, authorities of local self-governments are obliged 

to answer within 30 days of their submission. 

Questionnaire user / supplier is an effort of the organization to, through separate 

questions for users on one side and suppliers on the other, set questions for itself and 

at the same try to objectively answer, in order to identify the main constraints that 

stand in the way of meeting the needs of users, and determine activities aiming to 

satisfy as many their demands as it is possible. 

Customer/supplier model usually presents a graphical representation of the 

interrelationship between public sector organizations, citizens as well as its customers 

and suppliers. 

Flowchart is a graphical representation of phases and the actual functioning of a 

certain process of providing public services to, through an analysis of their 

interconnection, identify the causes of the difficulties and possibilities of improving 

the quality of the process. 
 

The analysis of the current situation in BiH public sector 

and implementation of the standard ISO 9001 
In Bosnia and Herzegovina, a huge public sector inherited from the socialist period, in 

addition furtherly increased thanks to the complex constitutional architecture 

created by the Dayton Peace Agreement, according to many conducted analyses 

is often ineffective.  To pay attention to the unnatural expansion of the public sector, 

along with increased administrative expenditures and reduced quality of products 

and services, warned us, back in 2009, a report entitled "Corruption in Bosnia and 

Herzegovina" published by Transparency International BiH (Korupcija u Bosni i 

Hercegovini, 2009). In the context of the economic cost of corruption, this Report, 

among others highlights the following implications regarding the operations of the 

public sector: 

 increased administrative expenses (BiH has the highest government expenditure in 

the transitional world, almost 50% of GDP per annum); 

 unnatural expansion of the public sector (public sector remains the largest 

employment generator, and bureaucracy invents additional procedures in order 

to multiple itself, that is to create new jobs); 

 reduction in the quality of goods and services (senior administrative expenses lead 

to a lower quality of goods and services, both in the private and public sector of 

Bosnia and Herzegovina). 

A business transparency in local government, as one of the basic principles of 

operation of the public sector, is evidenced by a document "Research findings on 

the transparency of local self-governments in Bosnia and Herzegovina 2012" (Nalazi 

istraživanja o transparentnosti jedinica lokalne samouprave u Bosni i Hercegovini, 

2012). Basic elements of the units of the local government integrity are leaning on to 

several segments, and the current situation of transparency is analysed in terms of 

the work of the local Assembly and local government, cooperation with civil society 

and local institutions, and the existence of anti-corruptive mechanisms. 

The research of the state and data collection by units of the local self-

governments in BiH with the aim of determining the index of transparency was 

carried out between May and August 2012.  During the research, there were no 

major problems, and data for 140 units of the local self-government were analysed, 

however there are no available data for Drvar and East Drvar. 

The result was presented by an index of transparency, which is consisted of 100 

indicators, and each of the indicators has value 1. Summing up all indicators, we 

come to the overall value of an index of transparency.  Final results indicating that 
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80,58% of the total number of analysed local self-governments belongs to the group 

"partially transparent", while there was only one case of "transparency" of the local 

government (which itself is on the border between the "transparent" and "partially 

transparent" unit). Other units of local government are classified in the category of 

"non-transparent" and "extremely non-transparent ".  

Number of local units of local self-government according to categories of 

transparency observed from the entity level is presented in the Table 1. 

 

Table 1 Number of local units of local self-government according to categories of 

transparency 
Category FBiH RS Brčko Distrikt BiH 

Transparent - 1 - 

Partially transparent 63 48 1 

Non-transparent 12 10 - 

Extremely non-transparent 3 2 - 

Source: Transparency International Bosna i Hercegovina (2012). pp. 16. 

 

The report presented also the ranking list of municipalities in BiH according to the 

established criteria of the transparency index, which can be the basis for the 

implementation of benchmarking in the units of local self-government in the future 

period. In Table 2 are shown ten highest and lowest ranked municipalities with 

corresponding transparency indexes. 

The strategic plan for the development of local self-government also identifies 

problems in quality, customer’s dissatisfaction and burden of unnecessary costs of 

services, which is the responsibility of the local government, especially in the area of 

utilities, and administrative services (Strateški plan razvoja lokalne samouprave u BiH, 

2006, Development Agency EDA Banja Luka). In an effort to change this situation, as 

one of the strategic objectives, plan sets the establishment of a sustainable process 

of improvement and implementation of appropriate systems to ensure continuous 

improvement in the quality and effectiveness of services, which is the responsibility of 

the local government. The strategic goal is further divided into the four operational 

objectives. One of them means introduction of appropriate quality management 

systems in organizations that provide public services at the local level. 

 

Table 2 The ten highest and lowest ranked municipalities according transparency 

index (TI) 
The highest ranked municipalities The lowest ranked municipalities 

Rank Municipality TI Rank Municipality TI 

1 Banja Luka 76 131. Oštra Luka 42 

2 Bijeljina 74 132. Šipovo 42 

3 Bihać  70 133. Teočak 40 

4 Ilidža 70 134. Bosansko Grahovo 39 

5 Zavidovići 69 135. Neum 38 

6 Maglaj 69 136. Istočni Mostar 23 

7 Teslić 69 137. Kupres RS 21 

8 Bratunac 69 138. Dobretić 16 

9 Bosanska Krupa 68 139. Jajce 12 

10 Rogatica 68 140. Kiseljak 7 

Source: Transparency International Bosna i Hercegovina (2012). pp. 46-49. 

 

Therefore, the quality of public services is not satisfactory, the process 

management in the public sector of Bosnia and Herzegovina is not quality, and 

there is many opened areas where improvements can be made. Resolution of this 
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issue can be done through the appropriate constitutional amendments and reform 

of public administration as well as the conditions of European integration (Otajagić, 

2011). 

On the basis of the Law about Standardization in BiH ("Official Gazette of BiH", no. 

19/01), and according to the Rules of Procedure for preparation, adoption and 

publication of BiH standards ("Official Gazette of BiH", no. 49/09), BiH standards up 

until today are prepared, issued and published by the Institute for Standardization of 

Bosnia and Herzegovina on the proposal of the technical committee. Through 

technical bodies, Institute has so far taken about 17.000 international and European 

standards. Out of the total number of standards, the highest number of them 

originated by using methods of declaration, while about 250 methods has been 

taken using method of translating. Today, through the Institute have been activated 

fifty technical committees from various fields of standardization. In the work of these 

committees haven engaged about 600 experts from various fields. Standardization in 

the field of quality management has been entrusted to the technical committee 

number 3. This includes quality systems, quality assurance and general follow-up 

procedures and standards, which ensure managing of the selection and use of 

standards in the field of committees work. 

On its website, the Institute has established a database of certified organizations 

in BiH, which every year is delivered to the ISO Central Secretariat that publishes this 

data in the publication ISO Survey of Certifications, and in this way, it informs all its 

members about the number of certified organizations in the member states. 

According to the data of the ISO organization that are published on the official 

website of the organization, in BiH by the end of 2014 was issued a total of 8.162 

certificates of ISO 9001. As it was seen in Figure 1, after a slight growth in the first few 

years, a sharp increase in the number of certificates began in 2004, after which it 

was recorded an upward trend until the last two years, when it was recorded a 

decrease in the number of issued certificates.  

 

 

 
Figure1 The number of certificates ISO 9001 issued in BiH 

Source: Authors' calculation based on ISO's data. 
 

Of all countries, which were formed after breakup of Yugoslavia, Slovenia was the 

first that began with the certification activities, and therefore the first certificate of 

the ISO 9001 standard was issued back in 1989. Due to the specific political situation 

and social order, as well different years of recognizing some countries in our nearest 

habitat, and with the goal of making comparisons between the data, in Table 3 we 
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are providing an overview of the number of certificates ISO 9001 issued in the 

countries emerged from the breakup of the former Yugoslavia between the period 

2003 – 2014. According to the mentioned data, at the end of 2014, the highest 

number of certificates was issued in Croatia, followed by Serbia and Slovenia, while 

Bosnia and Herzegovina according to the number of issued certificates is above 

F.Y.R. Macedonia and Montenegro. 

 

Table 3 The number of certificates ISO 9001 issued in the countries emerged from the 

breakup of the former Yugoslavia 
Year BiH Croatia Montenegro F.Y.R. Macedonia Slovenia Serbia 

2003 47 580 - 47 465 103 

2004 209 966 - 133 1.811 - 

2005 350 1.273 - 154 2.114 - 

2006 242 1.676 33 217 2.182 1.551 

2007 652 2.073 136 255 1.886 1.987 

2008 811 2.302 160 271 1.945 2.091 

2009 909 2.567 157 295 1.688 2.733 

2010 944 2.102 85 333 1.701 1.790 

2011 1.119 2.117 146 290 1.658 3.228 

2012 1.239 2.584 102 396 1.595 2.750 

2013 794 2.636 118 399 1.993 2.366 

2014 846 2.807 130 446 1.672 2.637 

Total 8.162 23.683 1.067 3.236 20.710 21.236 

Source: Authors' calculation based on ISO's data. 

 

According to the mentioned data, at the end of 2014, the highest number of 

certificates was issued in Croatia, followed by Serbia and Slovenia, while Bosnia and 

Herzegovina according to the number of issued certificates is above F.Y.R. 

Macedonia and Montenegro. 

Researches that were presented so far and many other implemented researches 

published reports indicate to a dissatisfaction of the users with the quality and with 

non-affirmative state in the public sector of Bosnia and Herzegovina, and therefore it 

is necessary to identify areas of the possible improvements. 

In the public sector there is no market mechanism that would impose quality as a 

precondition for survival in the market, and therefore it is very good that units of the 

local self-government have recognized an importance of the citizens as users of 

public services, and therefore they based its business and business of public 

companies and institutions according to the modern principles of managing quality. 

The implementation of the systems for managing quality in the public sector of 

Bosnia and Herzegovina is still in the initial stages of its development, and promotion 

of it by institutions such as the Association for Quality in Bosnia and Herzegovina and 

the Institute for Standardization, the adoption of the Declaration about quality of the 

Council of Ministers, adoption of the Law on standardization of BiH, launching 

initiatives to introduce BiH awards for quality, having annual thematic conferences 

about quality in the context of the European week of quality is a significant proof of 

the compatible acting of individuals and organizations with the European and 

global trends and expectations. 
 

Methodology and results 
The methodology is based on the collection and analysis of the subjective views of 

citizens for 16 public services which are exclusively within the jurisdiction, or for which 

there is a certain responsibility of local government, such as: water supply and 
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sewerage, municipal hygiene, public heating, local streets and roads (including 

horizontal and vertical signalling), public lighting, green areas and parks, cemeteries, 

public transport, pre-school education, primary education, secondary education, 

libraries, access to the internet network, primary health care, social welfare services 

and services of the front office. Each of them is judged through a set of specific 

issues, therefore in the questionnaire a total of 54 characteristics are evaluated of 

above mentioned 16 public services. Citizens as users of public services had the 

opportunity to rate their satisfaction or dissatisfaction with these services through 

expressions ratings on a scale of 1 to 5, in which (1) indicates the answer  "not at all 

satisfactory" and (5) "fully satisfactory". Observed according to evaluation grades, 

which this research showed, in the Table 4 are presented the best five and worst 

evaluated characteristics of the public service. 

 

Table 4 The best and the worst five evaluated characteristics of the public service 

No. 

The best evaluated characteristics The worst evaluated characteristics 

Characteristic 
Average 

grade 
Characteristic 

Average 

grade 

1 
Access to the internet 

at home 
4.26 

Volunteerism in maintenance 

of green areas and parks 
1.80 

2 
Regular water supply 

3.90 
The availability and location of 

children's playgrounds 
2.08 

3 
Access to  schools 

(primary education) 
3.88 

Public transport in the evening 

hours 
2.17 

4 
Maintenance of 

cemeteries 
3.71 

Maintenance of watercourses 

(rivers and streams) 
2.20 

5 
The quality of primary 

education 
3.71 

The availability and location of 

sports facilities 
2.34 

Source: author's calculation. 

 

The observation unit is a household living in the selected dwelling unit and serves 

as the sample. A household is considered every family or other community of 

persons who live together and spend their incomes on necessities. A survey unit 

(respondent) is the oldest person in the household who is most familiar with the 

services that improve the socio-economic living conditions. Sample testing was 

selected from the infinite basic set and is designed as a cluster pattern. Cluster 

sample falls into the category of samples based on the principles of probability with 

respect that the elements of the sample are selected randomly and is commonly 

used in the researches for which a complete list of population is not available, where 

the population is so scattered that selection of units from all subsets is too expensive, 

or in cases where the choice of units in the sample is connected with the problems 

of technical, organizational and financial nature (Fazlović, 2013). 

Clusters for carrying out tests are all local communities in the area of target local 

government and for each of them, based on the estimation of population, 

representative sample of households is defined without repeating the method of 

simple random sampling. The basic research question is: Is there a statistically 

significant difference between the satisfaction of users of public services in local 

government units in BiH that have implemented a quality management system ISO 

9001 and the local self-governments, which did not? 

Data on customer's satisfaction are obtained in a way that 42 out of the 54 

characteristics which were the subject of evaluation in 30 local government units are 

classified in six categories whereas within one category the aim was to unite the 

greater number of characteristics covered by the same criteria for evaluating a 
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large number of public services, while 12 of them, due to the heterogeneity were not 

possible to combine by the common element, and therefore are not subject for 

further consideration. In this sense, the characteristics are classified into categories 

that included these features: 

 Quality: water quality (drinking water), the quality of heating (temperature in the 

house), the quality of public transport, quality of preschool education, the quality 

of primary education, the quality of secondary education, the quality of the 

content within the library service quality and primary health care and quality of 

front office service; 

 Maintenance: maintenance of watercourses, rivers and streams, maintenance of 

streets and roads, maintenance of vertical and horizontal signalization, 

maintenance of public lighting, maintenance of green areas and parks and 

maintenance of cemeteries; 

 Access: the access of the public transport, access of preschool education, access 

to  schools (primary education), access to the library, access to the internet at 

home, the access to  medical clinic (ambulance), access to social protection and  

services of front office; 

 Availability: the availability and accessibility of containers and garbage cans, the 

availability and location of sports facilities, the availability and location of 

children's playgrounds, the availability of graves and availability of interests 

(secondary education); 

 Cost: cost of services of water supply and sewage systems, the cost of services 

and collection of garbage, the cost of heating, the cost of burial sites, the cost of 

public transport, the cost of pre-school education and the cost of the Internet; 

 Regularity and timeliness of delivery: regular water supply, timeliness in waste 

disposal, accuracy in supply heating, cleaning of streets and roads during the 

winter period, the periodicity of public transport, public transport in the evening 

hours and regularity of primary health care services (frequency doctors’ visits and 

the provision of services). 

 

As for the independent variable, while the categorization of units of local self-

government, database of certified organizations in BiH was taken into account, 

published on the website of the Institute for Standardization in BiH, the base of 

certified organizations in BiH Foreign Trade Chamber of Bosnia and Herzegovina, and 

the official website of local self-governments. 

By using statistical analysis, IBM SPSS Statistics 21 and parametric techniques T-test 

for independent samples were obtained the results shown in Table 5 and Table 6.  

In Table 5, group statistics by all defined criteria are shown the mean values of 

users’ satisfaction, standard deviations, values of satisfaction of users of public 

services from the average value and the standard error mean for 18 local self-

government units which in their operations have implemented a quality 

management system ISO 9001 and 12 of them who do not have it. In absolute terms, 

customer’s satisfaction in all six categories is increased in local self-government units, 

which in its operations have implemented a quality management system ISO 9001. 

According to Table 6, in the first part of the Independent Samples Test the results 

of Levene's test of equality of variances in two groups of local self-governments are 

given. When significance (see Levene's Test for Equality of Variances) is greater than 

0.05, the data meet the assumption of equal variances which is in our case, the result 

in all six categories. 
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Table 5 Group statistics of the impact of the implementation of ISO 9001 standard to 

the satisfaction of users of public services 
Category ISO N Mean Std. Deviation Std. Error Mean 

Quality 
(1) 18 3.3311 .30191 .07116 

(2) 12 3.0433 .36977 .10674 

Maintenance 
(1) 18 2.8661 .32585 .07680 

(2) 12 2.6317 .23988 .06925 

Access 
(1) 18 3.4128 .30314 .07145 

(2) 12 3.1875 .26870 .07757 

Availability 
(1) 18 2.9661 .33449 .07884 

(2) 12 2.6800 .31886 .09205 

Cost 
(1) 18 3.0278 .23178 .05463 

(2) 12 2.9283 .22041 .06363 

Regularity and timeliness of delivery 
(1) 18 3.0989 .35088 .08270 

(2) 12 2.9525 .31421 .09071 

Source: author's calculation. 
NOTE: (1) = the results of the local self-governments with the implemented standard ISO 9001, (2) = the 

results of the local self-governments that have not implemented the standard ISO 9001 

 

Table 6 Test of independent samples investigating the effects of the implementation 

of quality management system to the satisfaction of users of public services 

Category Quality Maintenance Access 

 (1) (2) (1) (2) (1) (2) 

Levene’s 

Test 

F .456  2.440  .510  

Sig. .505  .130  .481  

t-test for 

Equality 

of Means 

t 2.338 2.243 2.132 2.267 2.084 2.136 

df 28 20.349 28 27.642 28 25.641 

Sig. (2-tailed) .027 .036 .042 .031 .046 .042 

Mean Difference .28778 .28778 .23444 .23444 .22528 .22528 

Std. Error Difference .12307 .12829 .10997 .10341 .10811 .10546 

95% CID 
Lower .03567 .02046 .00918 .02249 .00382 .00835 

Upper .53988 .55509 .45971 .44640 .44674 .44220 

Category Availability Cost 
Regularity and 

timeliness of delivery 

 (1) (2) (1) (2) (1) (2) 

Levene’s 

Test 

F .013  .019  .073  

Sig. .910  .892  .789  

t-test for 

Equality 

of Means 

t 2.337 2.361 1.174 1.186 1.166 1.193 

df 28 24.521 28 24.561 28 25.492 

Sig. (2-tailed) .027 .027 .250 .247 .254 .244 

Mean Difference .28611 .28611 .09944 .09944 .14639 .14639 

Std. Error Difference .12240 .12120 .08474 .08386 .12557 .12275 

95% CID 
Lower .03538 .03626 -.07414 -.07343 -.11084 -.10617 

Upper .53684 .53597 .27303 .27232 .40362 .39895 

Source: author's calculation. 
NOTE: (1) = equal variance; (2) = variances are not equal; CID=Confidence Interval of the Difference 

 

The criteria for determining the existence of statistically significant difference in 

customer’s satisfaction in quality of public services between two groups of local 

government units is calculated in column Sig.(2-tailed) in section t-test for Equality of 

Means. When the value calculated in this row is equal to or less than 0.05, than there 

is a statistically significant difference between the mean values of the dependent 
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variable in two observed groups. In our case, a statistically significant difference 

between users of public services satisfaction exists when it comes to quality, 

maintenance, accessibility and availability of public services. But, when it comes to 

prices and the regularity and timeliness of delivery this difference is not statistically 

significant. 

 

Conclusions 
An analysis of the current situation in the public sector of Bosnia and Herzegovina 

through a series of published reports shows problematic quality of public services 

which are often burdened with unnecessary costs which are causing user’s 

dissatisfaction. Traditional approach to these costs threatens that these services 

become one of the limiting factor for the overall development and not only at 

national but also at international level, and especially in the context of European 

integration processes. The achievement of quality in the public sector today is most 

often left to the coincidence and individual initiatives, and often we have witnessed 

an extremely bureaucratic and unreformed public organizations in which there is no 

natural signs of quality management. 

As a way out of the current situation, and positive action towards improving the 

quality of services that is provided by the public sector, a set of guidelines and 

recommendations in the reports suggests the implementation of a quality 

management system. It is about establishing a systematic environment focused on 

quality and sustainable process of quality management in public organizations, 

emphasizing the principle of customer’s satisfaction. 

Based on the presented results of the research, it can be concluded that in the 

units of local government with implemented quality management system ISO 9001 it 

was recorded higher level of customer satisfaction than it was the case with units of 

local self-governments that did not enforced this at all. In fact, out of the six 

dimensions of the public services, which were the subject of analysis, greater 

customer satisfaction was recorded in four of them, and those are: quality 

dimension, maintenance, accessibility and availability of public services. In all four of 

them, as demonstrated by the results of the research, was recorded a statistically 

significant difference in the average evaluation of customer satisfaction in the units 

of local self-government that incorporated this international standard in its business 

activities in relation to those which did not carried it out. In the other two dimensions, 

prices and delivery on time as well as regular delivery, was not recorded statistically 

significant difference in the average score of customer satisfaction. However, if we 

take into account the greater heterogeneity of the public services characteristics 

which are covered by the dimension - delivery on time and regular delivery in 

relation to other dimensions, as well as the fact that the cost of public services 

largely are matter of political issues, therefore results of these two dimensions are as 

expected. 

The research was carried out with the restriction that 16 categories of the public 

services were part of the project that was used as the basis of this research, and 

these VERN 

categories are identified as most important for improvement of life quality of the 

citizens’ at the local level. Regarding this, further researches may be directed to the 

inclusion of a large number of public services (higher education, cultural and sports 

services, maintenance of the public order, etc.), as well as a large number of 

indicators of public services which are covered by this research in order to consider it 

more comprehensively customer’s satisfaction and identify areas of potential 

improvements. 
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