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Abstract

This research is the second of a series of three researches to cope with stra-
tegic development objectives using Dominance-based Rough Set Approach
(DRSA). The objective of this article is to expose the results of a research us-
ing DRSA to help the European Union (EU) identifying political, economical,
sociological and technological strategic objectives for potential candidate
countries planning to join the EU. Using the proposed methodology, politicians
and leaders will be able to prioritize strategic development objectives according
to political, economical, sociological and technological (PEST) needs of a spe-
cific candidate country to the EU. More precisely, the proposed methodology
classifies all the European Union’s countries according to the following three
different categories: [A] EU countries that are doing well according to the se-
lected indicators; [B] EU countries that need support to acquire category A sta-
tus; [C] EU countries ranked the lowest and needing special support with re-
gard to the criterion or criteria considered. The three categories are delimited
by tertiles relative to the average ranking of all EU countries including a po-
tential candidate country, Bosnia and Herzegovina. Afterwards, DRSA pro-
vides decision rules based on this classification. These decision rules thus focus
on the PEST needs of countries with respect to improve their development and
classification by pointing out what was needed to be part of the different cat-
egories. We strongly believe that by targeting these identified needs, this re-
search will help the development of the European Union’s economy, target
and prioritize economical and sociological improvements with the use of
strategic objectives for any candidate country. One of the results concerning
our case study with Bosnia and Herzegovina is about the fact that this poten-
tial country has a weakness in the percentage of women in politics. Indeed,
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our research as shown that this criterion has an impact for the overall classi-
fication of the EU countries.
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1. Introduction

This is the second research of a series of three articles using a systematic ap-
proach using a combination of statistics and DRSA to help specific territories
identifying strategic objectives to improve their development. The first article
dealt with all the African countries. This second article uses the same methodol-
ogy to determine strategic objectives for potential candidate countries for the
European Union with the case of Bosnia-Herzegovina. The third article will help
identify poverty for all the United Nations countries and strategic objectives for
sustainable development.

The systematic approach begins with a selection of statistical data taken from
different census, the World Bank and various indexes. These variables were sep-
arate over four different perspectives (Political, Economical, Sociological and
Technological). The ranking of all the selected country according to these pers-
pectives could then be performed with the weighted average. The final step is the
use of DRSA to identify decision rules and conditions for each country. These
conditions represent strategic objectives in order to improve the country devel-
opment compared to others. This research deals with all the countries of the Eu-
ropean Union and we included a potential candidate (Bosnia-Herzegovina).
Therefore, the systematic approach will categorize Bosnia-Herzegovina within
the European Union and determine decision rules in order to improve its de-
velopment thru the identified conditions which should be considered as its own
strategic objectives.

2. Literature Review

The European Union is a union of states where public policies are discussed in
order to solve sociological and economical problems that member states, if were
alone, would have difficulties facing them [1]. The European Council of Brux-
elles of 2006 came with the notion that the addition of new states must take into
account the capacity, of the EU, to integrate new members [2]. When in the
process of joining the EU, several political, sociological, economical, legal and
cultural issues are studied and discussed between the members of the EU and the
candidate state [3]. Afterwards, the candidate state must develop its national

strategy. Slovenia is an excellent example of this process. In June 2005, the
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Slovenian government adopted the Slovenia’s National Strategy which proposed
strategic goals. For example, a first goal targeted the increase of the GDP per
capita to exceed the average level of the EU. A second goal was and improve-
ment of the quality of living [4]. The researchers understand the complexity of
integrating a new state within the EU. Financial integration, legislative issues are
just a few of the difficulties. This research proposes a systematic approach that
identifies the asymmetries from a political, economical, sociological and techno-
logical perspective and proposes strategic objectives with specific targets for a
potential candidate. We are proposing to apply this process to the country of
Bosnia Herzegovina.

Firstly proposed by Pawlak [5] [6] and by Pawlak and Slowinski [7], the Rough
set theory is a mathematical tool with the aim of supporting decision-making
processes. Since its development, it’s been used in many fields such as medecine,
banking, engineering, learning, location selection, pharmacology, finance, mar-
ket analysis and economics [8]-[17]. The approach was then broadened by Gre-
co, Matarazo and Slowinski [9] and renamed the “Dominance-based Rough Set
Approach” (DRSA). Then, Zaras enlarged it for mixed data (deterministic,
probabilistic and fuzzy) [10]. The purpose of the present research is to use DRSA
for developing strategic objectives for all EU countries in order to help their de-
cision makers and leaders to target specific objectives to improve the political,
economic, sociological and technological development of the EU. To do so, a
group of experts has selected 22 variables which were categorized in four different
perspectives (Political, Economical, Sociological and Technological). We believe
that by integrating within the process a potential candidate along with the 28
countries of the EU, DRSA will be able to prioritize strategic objectives to help the
decision makers with the introduction of a potential candidate within the EU. As
a case study of a potential candidate, we selected Bosnia and Herzegovina.

In Section 3, we apply DRSA to classify all the EU countries with regards to
the statistical data and propose decision rules for each category (countries classi-
fied as A, B and C). Section 4 shows a list of strategic objectives for Bosnia and
Herzegovina. This list proposes strategic objectives and point out the thresholds
to improve and monitor the sustainable development of Bosnia and Herzegovina

if it was to join the EU in the future.

3. Method
3.1. Political, Economical, Sociological and Technological Indicators

A group of experts have been asked to select the variables based on the relev-
ance, availability and level of interest of comparability between countries. At the
end of the process, 22 variables were selected and categorized in four different
perspectives: Political, Economical, Sociological and Technological. To obtain
the data of these variables we navigated and searched through the website of the
World Bank, the United Nations and also the International Institute for Strategic
Studies [18] [19] [20] during the January to March 2018 period. Data were dis-
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tributed into four perspectives, namely political, economic, sociological and
technological (PEST) as summarized in Table 1. In case of missing data we

compare states by weighting the average.

Table 1. Summary of the PEST indicators considered in this research.

1 = High is better
Perspectives and Measurement Definition Indicator & .

{ =Low is better
Political

Number of battle deaths from internal conflict between at least
1.1 Global Peace Index Scale 1 -5 |
one government armed forces (2017).

Cash outlays of central or federal government to meet the costs

1.2 Milit dit Scalel-5
Hitary expenditure of national armed forces (2017). cale ¢
. L A ranking of countries according to the extent to which

1.3 Corruption perception index o K K Scale 0 - 100 i
corruption is believed to exist (2017).

1.4 Global competitiveness index Competitiveness along various pillars (2017). Scale1-7 1

Ranking of world
1.5 Ease of doing business index Ease of doing business index (2017). aniing of wor '
country
. Proportion of seats held by women in national parliaments

1.6 Women in government % i
(2017).

Economical

2.1 Adjusted net national i

) 1‘13 ed net national income Adjusted net national income per capita (Current USD 2017) $ t
per capita
2.2 GNP per capita Gross National Product (USD Constant 2016) divided by capita. $ 1
. Gross National Income per capita Atlas method (Current USD

2.3 GNI per capita $ t
2017).

2.4 Unemployment Unemployment, total (% of labor force 2017). % t

2.5 Exports of G&S Exports of goods and services (% of GNP 2017). % i

Sociological

3.1 Life expectancy, female Life expectancy at birth, female (years 2017). Number of years i

3.2 Life expectancy, male Life expectancy at birth, male (years 2017). Number of years t

3.3 School life School life expectancy (2017). Number of years 1

3.4 Urban population Percentage of urban population (2017). %

3.5 Adolescent fertility Number of births per 1000 women ages 15 - 19 (2017). Number '

. Intentional homicide refers to death deliberately inflicted on a

3.6 Homicides Scale 1 -5 |
person by another person (2017).

Technological

4.1 Academic papers Number of scientific published papers per capita (2017). Number i

4.2 Internet Percentage of active population using the internet (2017) % t

4.3 Fixed Internet Fixed broadband internet subscriptions per 100 people (2017). Number i

4.4 Secure internet Secure internet servers per million people (2017). Number i

4.5 Mobile phones Mobile cellular subscription per 100 people (2017). Number 1
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3.2. The Dominance-Based Rough Set Approach (DRSA) Applied
to Determine the Strategic Developmental Objectives of
Bosnia and Herzegovina

In order to determine the strategic objectives of Bosnia and Herzegovina for im-
proving its overall classification, the methodology of the Dominance-based
Rough Set Approach (DRSA) were performed. This methodology begins with
the classification of all the EU countries for each perspectives in category A, B or
C: Category [A] EU countries that are doing well according to the selected indi-
cators; [B] EU countries that need support to acquire category A status; [C] EU
countries ranked the lowest and needing special support with regard to the crite-
rion or criteria considered. These classifications are presented in Table 2, where
all the 29 EU countries are categorized with respect to the four perspectives (PEST)
and also on the combined of all perspectives (Decision column). Afterword, deci-
sion rules are extracted for all the perspectives combined, and also for each indi-
vidual perspective (PEST). Finally, the potential candidate for joining the EU, in
this case Bosnia and Herzegovina, identifies its strategic objectives with regards

to their respective variables and performance.

3.3. Formulation of the Multi-Criteria Problems

Our first task was to get the overall ranking of the 29 countries on the basis of
the 22 criteria measured by 22 indicators. Secondly, we did the same but for each
perspective according to its respective criteria. That approach can be described
with the use of the AXE model, where:
. A is a finite set of countries a, for 1= 1, 2, -+, 29;
*  Xisafinite set of criteria X, for k=1, 2, -, 22 or X, for ;= 1, 2, -+, n,for
each perspective .
*  Eis the set of evaluations measured by indicators e, with respect to crite-
rion X; or indicators ¢;; with respect to criterion X, for each perspective .
The weighted average rank method was used to obtain the ranking of coun-
tries. Thus, countries were ranked from the most to the least preferable in re-
gards of each indicator in relation to each criterion. Afterword, since weights of
indicators are considered equal, we calculated the weighted average rank for
each country. This enables us to obtain the ranking of the countries with respect
to a given perspective as well for the overall classification.

For each perspective j, the weighted average of country J

Ty :Zw,g.r,@. (1)
ki

The overall weighted average of country

=Y Wil )
k

where:
w; is the weight of criterion kand w;; for perspective j

1;;is a rank of country 7 with respect to criterion kand ry; for perspective /.
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Table 2. Overall classification of the 29 UE countries (including Bosnia and Herzegovina)
according to the four perspectives.

Decision Countries Political Economical  Sociological = Technological

Netherlands
Danemark
Luxembourg
Sweden
Finland
Austria
UK
Germany
Belgium
Irland

Estonia

Malta
France B
Slovenia B
Czech Republic B

Spain

W W W ® @
W W W w W W

Cyprus
Portugal

Italy

W W W ® ® W W W W W

Poland
Lithuania
Slovak Rep.
Hungary
Latvia
Greece
Croatia
Bulgaria
Romania

Bosnia-Herz

With the classifications of 29 countries, overall and for each perspective, the

following step is to group them into three categories A, B and C. Table 2 presents
these classifications of the 29 European Union countries according to the four
perspectives as well for the overall one presented in first column.

The analysis of a country position by his decision makers, Bosnia and Herzego-
vina in our case, would certainly lead them to take actions in order to improve its

rank and furthermore, to improve its chance to join the EU. Table 2 shows that
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Bosnia and Herzegovina is in Class C. What would be needed to move on and be
part of class B or A isn’t obvious at all. The answer on questions, which criteria
should be considered and which are their critical values? would be a very pre-
cious information for decision makers. The proposed DRSA explanatory method
allows us to identify these criteria as well as their critical values, thru the extrac-

tion of decision rules.

3.4. Geographical Analysis of the Overall
Classification Decision

Regarding the overall classification in Table 2, we can notice that most countries
categorized in C are geographically located in the South-East region of the Eu-
ropean Union. A map of the EU showing that fact is presented in Appendix A.
As it was the case in the first article about Africa [21], we still have the same
phenomenon that we named the “Poverty String”, since all the countries in the C

category are all connected to one another.

3.5. The Decision Rules

To get the decision rules we used the 4eMka2 software [22], which was developed
by the Intelligent Decision Support Systems laboratory (IDSS) at the computing
science institute of the Poznan University of Technology. Rules for all the various
perspectives combined are presented below in Table 3. Since we wanted to get the
most significant combination, we only kept rules with a minimal relative strength
of 20% and those that were limited to 4 conditional criteria.

Rules 1 and 2 indicate that a country with a population percent of Internet
user is at least 95.51% or if School life is at least equal to 19 years, then the coun-
try is classified in the class A, no matter the other criteria. Rules 3 and 4 dictate
that if the percent of women in politics is at least 36.7% or if mobile phone sub-
scriptions are at least 146.21 per 100 people, then the country is classified to the
class B.

Following the same analysis, we can tie strategies for each of the four PEST

perspectives. Table 4 describes the rules for each of the four PEST perspectives.

4. Strategic Decision-Making

This section demonstrates the practical application of the decision rules for Bosnia
and Herzegovina and the usefulness of these rules for sustainable political, eco-

nomical, sociological and technological development of the selected country,

Table 3. Decision Rules for all perspectives combined.

# Decision Rules Condition 1

1 Decision > A Internet > 95.51% of population

2 Decision > A School life > 19 years

3 Decision = B Women in politics > 36.7%

4 Decision > B Mobile phone > 146.21 subscriptions per 100 people
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Table 4. Decision Rules for each perspective (PEST).

# Decision Rules

Condition 1 Condition 2 Condition 3

Political Perspective

5 Decision > A
6 Decision 2 A
7 Decision 2 A
8 Decision > B
9 Decision > B

Economical Perspective

10 Decision > A
11 Decision > B
12 Decision > B
13 Decision > B

Sociological Perspective

14 Decision = A
15 Decision > A
16 Decision > A
17 Decision > B

Technological Perspective

18 Decision > A
19 Decision > B
20 Decision > B

Corruption Index > 83
Military exp. < 1.47 Ease of doing bus. < 29
Competitiveness Index > 5.65
Corruption Index > 58
Military exp. < 1.52 Ease of doing bus. < 48
GNI per capita > 34,786.23$
GNI per capita > 34,550.80%
Export of G&S < 89.54%
Export of G&S < 78.98% GNI per capita > 17,750$ Unemployment < 7.3%

Life Expectancy Men > 80 years

Homicides < 1.25 School life > 16 years

Adolescent Fertility < 6.38 per

School life > 19
1000

Life Expectancy Men > 74.4 years

Internet > 86.52%

Secure Internet > 768.58 per million

Fixed Internet > 25.43

Mobile Phones > 131.16 per 100 o
subscriptions per 100

potential candidate for joining the European Union. In order to create strategic
objectives for Bosnia and Herzegovina, if the country was to join the EU, deci-
sion makers should follow the decision rules which dictate the targets of strategic
objectives to improve. These targets are based on the statistical data used to ex-
tract the decisional rules.

Table 5 describes all the various strategic objectives for the candidate country.
The decision rules dictate the targets they should have reached for each strategic
objectives. It may happen that some decision rules conditions are already met
(military expenditure). In that case the strategic objective is to maintain its cur-
rent value. All the other values become strategic objectives that are listed and
which would have allowed Bosnia and Herzegovina to be rank B instead of C.

Bosnia Herzegovina is classified as C for the overall classification (see Table
2). In order to improve the country status compared to all other members of the
EU, the candidate country should consider the decision rules that explain what
was needed to be part of category B.

For all the perspectives combined (overall classification), Bosnia Herzegovina

has four decision rules, each of these rules has one strategic objective (see Decision
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Table 5. Strategic objectives and targets for Bosnia Herzegovina.

All Perspectives Strategic Objectives 1 Strategic Objectives 2 Strategic Objectives 3

Decision Rule #1 Improve the number of internet users by 26.18% of

the population
Decision Rule #2 Improve School life by 5 years
Decision Rule #3 Increase women in politics by 15.3%

Increase mobile cellular subscriptions by 56.96 per

Decision Rule #4
100 people

Political Perspective Strategic Objectives 1 Strategic Objectives 2 Strategic Objectives 3

Decision Rule #5 Improve the corruption perception index by 44

points
.. o . Improve the ease of doing
Decision Rule #6 Maintain military expenditures (% of GNP)* h . .
business index by 57 points
Decision Rule #7 Improve the competitiveness index by 1.78 points

Decision Rule #8 Improve the corruption perception index by 19

points
.. L . Improve the ease of doing
Decision Rule #9 Maintain military expenditures (% of GNP)* . R .
business index by 38 points
Economical Perspective Strategic Objectives 1 Strategic Objectives 2 Strategic Objectives 3

Improve the gross national income by

Decision Rule #10 .
30,827.25% (US) per capita

Improve the gross national income by

Decision Rule #11
ecision Rule 30,591.82$ (US) per capita

Improve exports of goods and services by 54.13% of

Decision Rule #12
GNP

Improve the gross national

Red 1 tb
income by 13,791.02$ (US) per educe unempioyment by

Decision Rule #13 Improve exports of goods and services by 43.57% of

GNP . 18.5%
capita
Sociological Perspective Strategic Objectives 1 Strategic Objectives 2 Strategic Objectives 3
Decision Rules #14 Improve life expectancy for men by 5.83 years

.. Improve homicides UN survey of crime and trends  Increase school life expectancy
Decision Rules #15

index by 0.4 by 2 years
Red dol t fertility b
Decision Rules #16 Increase school life expectancy by 5 years educe acolescent tertiity by
1.79 per 1000
Decision Rules #17 Maintain life expectancy for men
Technological Perspective Strategic Objectives 1 Strategic Objectives 2 Strategic Objectives 3

Improve the number of internet users by 17.19% of

Decision Rules #18 .
the population

Increase sercure internet servers by 731.05 per
Decision Rules #19 et e Y P
million
Increase fixed broadband
internet subscriptions by 8.06
per 100 people

Increase mobile cellular subscriptions by 41.91 per

Decision Rules #20
100 people

*Negligible difference from decision rule target.
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Rules #1, 2, 3 and 4, Table 5). The first strategic objective indicates that the
number of internet users is low compared to other EU countries and requires an
increase of internet users by 26.18% of the candidate’s population. Since the
population of Bosnia Herzegovina is 3.517 million people (2016), this represents
giving access to internet to approximately 920,751 people to be in classified in A.
Strategic objective 2 is the school life expectancy. Again, the candidate country
should aim to increase school life of at least 5 years to be classified A. Decision
rule #3 indicates that Bosnia Herzegovina should encourage women to partici-
pate in politics. Compared to other countries, in order to be in category B, Bos-
nia Herzegovina should increase the number of women in politics by 15.3%. De-
cision rule #4 indicates that the number of mobile cellular subscriptions per 100
people is also low compared to other EU countries and should be improved by
56.96 per 100 to be in category B.

Table 5 shows all the various decision rules, strategic objectives and specific
targets for all the perspectives combined (Decision Rules #1-4) and each of the
PEST perspectives individually (Decision Rules #5-19). Decision makers may se-
lect the best strategic objectives with specific targets to improve the development

and classification of Bosnia Herzegovina within the European Union.

5. Conclusions

This research has been demonstrated that the DRSA can be used to identify the
political, economic, sociological and technological indicators that are relevant
for strategic decision making. It has been shown, by the example of Bos-
nia-Herzegovina, that our approach can be useful in considering of the country’s
candidacy to join the European Union.

We acknowledge the complexity and hard work of annexing a new country to
the EU, providing a country with specific strategic objectives and comparing it-
self to other EU country helps to better understand specific challenges to be ad-
dressed or combined with other processes.

Furthermore, when other data from future years will be available, this tool will
have a strategic importance for the European Union decision makers to study
tendencies, changes in political, economical, sociological and technological de-
velopment. The decision makers will also probably note the changes in classifi-
cation over time and make predictions. It will also enable any candidate coun-
tries to enlighten their significant weaknesses in order to improve them and fi-
nally, that means an overall improvement of their situation in regards of differ-
ent perspectives. Also, most countries classified as C seem to be connected to
one another in the South-East region of Europe. That being said, a particular at-
tention should be given to other possible candidates from this part of Europe if
they had to knock at EU door.

6. Limits and Future Research

As it was the case with the first article, this research is limited to the selected in-
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dicators. Which means that indicators related to culture, religion and the envi-
ronment, to name a few were not considered. Thus, it would be interesting to
introduce some of these variables in a future research using the proposed me-
thodology.

Furthermore, several strategic objectives and targets for Bosnia Herzegovina
were identified. For future researchers we suggest that all candidate countries to
the European Union use the same methodology to identify their respective clas-
sification within the European Union, as well for their own strategic objectives.
Decision makers, politicians and leaders could also propose researching for oth-
er specific political, economic, sociological and technological indicators to be
studied. Finally, European Union leaders could target development projects, es-
timate and eventually measure the impact of these projects on the proposed in-
dicators and better manage the allocated resources to the development of new
candidates within the European Union.

We strongly believe that the methodology proposed in this research may be
tested at a larger scale for all the countries of the United Nations, which is the
subject of the third and last article using the proposed methodology to identify

strategic development objectives.
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