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Variability evaluation method of socio-geographic

and educational parameters

Metoda ocjene varijabilnosti za sociogeografske

This paper introduces a method for variability evaluation of
a given region (or group of regions) over a given time period,
based on the application of a vector of coefficients of variation
for socio-geographic and educational parameters. This method
introduces a variability measure that implies differences in the
quantitative behaviour of these parameters. Classes of similar
regions were obtained using k-means cluster analysis. This pa-
per introduces a new general means of educating students about
the similarities and differences among regions over a given time
period using observed parameters. We applied this method for
the Federation of Bosnia and Herzegovina, which is divided in
ten cantons and 79 municipalities, using data from the Institute
for Statistics of the Federation of Bosnia and Herzegovina. Us-
ing this method, major differences in variability were detected
in the socio-geographic and educational parameters considered
in the paper. Positive socio-geographic and educational parame-
ters were established for 15 municipalities and markedly negative
ones for 12 municipalities. With the introduction of the k-means
grouping method, it was possible to form five classes of munic-
ipalities in which variational measures were different for each
class. There were obvious differences between the municipalities
of Sarajevo Canton and urban municipalities such as the City of
Zenica, the City of Tuzla, and the City of Siroki Brijeg, evident
in relation to the number of spatially smaller municipalities and
border municipalities.

Key words: k-means clustering, coeflicient of variation,
the Federation of Bosnia and Herzegovina, socio-
geographic processes

i obrazovne parametre

Ovaj rad uvodi metodu za ocjenu varijabilnosti poje-
dinih podrugja za odredeno razdoblje. Zasnovana je na
primjeni vektora koeficijenata varijacije sociogeografskih
i obrazovnih parametara. Uvodi se mjera varijabilnosti
koja podrazumijeva razlike u kvantitativnom ponasanju
tih parametara. U upotrebi je i analiza £-means-grupira-
nja za dobivanje razreda sli¢nih regija. U radu se pred-
stavlja novi op¢i naéin edukacije studenata o sli¢nostima i
razlikama medu regijama u odredenom razdoblju za pro-
matrane parametre. Metoda je primijenjena na Federaciju
Bosne i Hercegovine koja je podijeljena na deset kantona
1 79 opcina. Rad se sluzi podatcima Federalnoga zavoda
za statistiku. Ovom metodom otkrivene su goleme razlike
u varijabilnosti sociogeografskih i obrazovnih parametara
definiranih u ovom radu. Ustanovljeni su pozitivni soci-
ogeografski i obrazovni parametri za 15 opéina i izrazito
negativni za 12 opéina Federacije Bosne i Hercegovine.
Uvodenjem metode 4-means-grupiranja bilo je moguce
formirati 5 klasa opéina u kojima su varijacijske mjere
razli¢ite za svaku klasu. Evidentne su razlike izmedu op-
¢ina Sarajevske Zupanije i urbanih opéina poput Grada
Zenice, Grada Tuzle i Grada S1rokoga Brijega u odnosu

na veci bI'OJ prostorno mdl’l]lh Opcma i gramcmh opcma

Kljuéne rijeci: -means grupiranje, koeficijent vargacge
Federacija Bosne i Hercegovine, sociogeografski procesi
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Infroduction

In line with the General Framework Agreement
for Peace in Bosnia and Herzegovina (Dayton Peace
Agreement, 1995), Bosnia and Herzegovina (B&H)
consists of two entities: Republika Srpska (RS) and
the Federation of Bosnia and Herzegovina (the Fed-
eration), the latter being divided into ten cantons,
mostly ethnically-defined. A further transformation
of B&H’s political-territorial organization happened
when the arbitration decision regarding the establish-
ment of the Br¢ko District of B&H (in accordance
with paragraph 9 of the Final Arbitration Decision
for Brcko, 1999), made by the United Nations High
Representative for B&H, entered into force. With this
decision, the primary division territorial-political or-
ganisation of the territory of B&H was expanded. The
Breko District is under direct jurisdiction of the feder-
al entities and state institutions of B&H, according to
its constitution (Miri¢, 2011). This segregated political
structure is replicated in the education sector, mean-
ing that there are two autonomous but asymmetrical
education systems: one for each constituent entity of
B&H. This asymmetry is the result of the different ed-
ucational privileges granted to the two entities.

The Federation’s education system is decentral-
ised, with each canton responsible for making its own
education policy, including decisions concerning the
regulation and provision of education. Since most
cantons are ethnically-defined, this decentralisation
has ultimately resulted in de facto separate Croat and
Bosniak education systems. In contrast, RS has high-
ly-centralised education (Bozic, 2006). The exception
is the Zepce Municipality in the Zenica-Doboj Can-
ton where, for the first time, a case was reported of
jurisdiction over elementary and secondary education
transferring to one local community in the Federation,
and the Supreme Court of the Federation'.

'The main characteristics and challenges of the pres-
ent-day educational system in B&H are: the highly
politicised nature of education; large number of laws
regulating education; lack of sufficient support for sci-
ence and research in education; lack of a legal frame-
work regulating these important parts of the educa-
tional process; lack of federal educational standards;

1 https://zepce.ba/index.php/zepce/item/1162-osnovno-i-srednje-
obrazovanje-preneseno-u-nadleznostopcine-zepce
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Uvod

U skladu s Opéim okvirnim sporazumom za
mir u Bosni i Hercegovini (Dejtonski mirov-
ni sporazum) potpisanim 1995. godine Bosna i
Hercegovina sastoji se od dvaju entiteta, Repu-
blike Srpske (RS) i Federacije Bosne i Hercego-
vine (FBiH, Federacija), posljednja je podijeljena
u deset Zupanija, uglavnom etnicki definiranih.
U daljnjoj transformaciji politicko-teritorijalne
organizacije BiH arbitraznom odlukom visoko-
ga predstavnika Ujedinjenih naroda za BiH (u
skladu sa stavkom 9. Konacne arbitrazne odluke
za Brcko od 5. ozujka 1999.) stupila je na snagu
odredba o osnivanju Distrikta Bréko BiH. Ovom
odlukom prosirena je teritorijalno-politicka orga-
nizacija teritorija Bil u primarnoj podjeli jer je
Distrikt Bré¢ko prema ustavu u neposrednoj nad-
leznosti institucija entiteta i drzavnih institucija
BiH (Miri¢, 2011). Ova politicka struktura ima
svoju replikaciju u sektoru obrazovanja, dijeleci
je u dva autonomna ali asimetri¢na obrazovna
sustava na razini entiteta. Ta se asimetrija moze
pripisati razli¢itim obrazovnim obvezama koje su
dodijeljene entitetima.

Obrazovni sustav Federacije je decentralizi-
ran, a svaka Zupanija odgovorna je za izradu svoje
obrazovne politike, ukljucujuéi i odluke koje se
odnose na propise i usluge obrazovanja. Budu-
¢i da je vedina Zupanija etnicki definirana, ta je
decentralizacija naposljetku rezultirala de facto
hrvatskim i bos$njackim obrazovnim sustavima.
Nasuprot tomu, RS ima visoko centralizirano ob-
razovanje (Bozic, 2006). Izuzetak je opéina Zepée
u Zenicko-dobojskoj zupaniji, gdje je po prvi put
zabiljeZzen sluc¢aj preno$enja nadleZnosti osnov-
noga i srednjega obrazovanja na jednu lokalnu za-

jednicu u FBiH, shodno Vrhovnom sudu FBiH.!

Glavna obiljezja i izazovi danasnjega obrazov-
nog sustava u BiH su: visoko politizirana priroda
obrazovanja, velik broj zakona kojima se regulira
obrazovanje, neuspjeh u podrzavanju znanosti i
istrazivanja u obrazovanju, nedostatak zakonsko-
ga okvira koji regulira ovaj vazan dio obrazovnoga
procesa, nedostatak obrazovnih standarda, kuri-

1 https://zepce.ba/index.php/zepce/item/1162-osnovno-i-srednje-
obrazovanje-preneseno-u-nadleznostopcine-zepce



lack of curricula corresponding to EU requirements
in terms of goals and educational outcomes; and a
shortage of teachers with educational backgrounds
appropriate for responding quickly and efficiently to
the needs of the labour market (Pasali¢-Kreso, 2008).

Pursuant to the Law on Ministries and Other Bod-
ies of the B&H Administration, the Ministry of Civil
Affairs of B&H is in charge of performing tasks in the
jurisdiction of B&H that are related to the establish-
ment of basic principles of coordination of activities,
harmonisation of the plans of the entity authorities,
and defining the strategy on the international level,
among others, for the field of education so bodies have
formed for the coordination of the education sector:
the Conference of Ministers of Education in B&H
and the Council for General Education in B&H.?

Previous research

'The decentralisation of power in Bosnia and Her-
zegovina and the transfer of educational and peda-
gogical issues to lower-level entities (cantons, munic-
ipalities, and districts), has led to a situation where
certain state bodies that should be involved in the
education management process are not. In this way,
with the exception of the Institute for Statistics of
the Federation of Bosnia Herzegovina, it is difficult
to keep track of educational data and other socio-ge-
ographic parameters. Moreover, there is often a lack
of a single database to store common data. Cantons
make their strategies, bring key strategic goals, revise
curricula, and make projections in the field of edu-
cation and socio-geographic trends independently of
one another. The separation between ethnicities ex-
tends deeply into the education system. Schooling is
characterised by mono-ethnic classrooms, segregated
schools, opposed pedagogies, and a total absence of a

common curriculum (Stabback, 2007).

International non-governmental organisations
(NGOs) and community-based organisations have
further maintained policy fragmentation, due to
their lack of unity and the absence of common goals
regarding their activities (Stabback, 2007; Jancic,
2008). Fragmentation, segregation, and politicisa-

2 http://www.mcp.gov.ba/org_jedinice/sektor_obrazovanje/Osnovne_
informacije/default.aspx?id=85808&langT ag=bs-BA

kuli koji ne odgovaraju zahtjevima EU-a shodno
ciljevima i odgojno-obrazovnim ishodima, ma-
njak nastavnika s odgovarajuéim obrazovanjem
za brzo i ucinkovito reagiranje na potrebe trzista

rada (Pasali¢-Kreso, 2008).

Sukladno Zakonu o ministarstvima i drugim
tijelima Uprave BiH Ministarstvo civilnih po-
slova BiH zaduZeno je za izvrSavanje zadataka i
obavljanje poslova iz nadleznosti BiH, a vezano
je za uspostavljanje osnovnih principa koordina-
cije aktivnosti, harmonizacije planova entitetskih
vlasti i definiranja strategije na medunarodnoj
razini, izmedu ostaloga, za podrudje obrazovanja
te su formirana tijela za koordinaciju sektora ob-
razovanja: Konferencija ministara obrazovanja u
BiH i Vijece za opée obrazovanje u BiH.?

Dosadasnja istrazivanja

Decentralizacija vlasti u Bosni i Hercegovini i
prijenos obrazovnih i pedagoskih pitanja na en-
titete nize razine (Zupanije, opéine i distrikt) do-
vode do €injenice da nekoliko drzavnih tijela nije
koordinirano u procesu upravljanja obrazovanjem.
Na taj nacin, s izuzetkom Federalnoga zavoda za
statistiku, tesko je pratiti obrazovne podatke i dru-
ge sociogeografske parametre, pa Cesto nedostaje
jedinstvena baza podataka za pohranu zajednic-
kih podataka. Zupanije donose svoje strategije,
donose klju¢ne strateske ciljeve i revidiraju kuri-
kul i napredne projekcije u podrucju obrazovanja
i sociogeografskih trendova. Razdvajanje etnickih
skupina prosirilo se i na obrazovni sustav. Skolstvo
karakteriziraju monoetnicke ucionice, segregirane
skole, suprotstavljene pedagogije i nepostojanje
zajednickoga nastavnog plana i programa (Sta-

bback, 2007).

Medunarodne nevladine organizacije (NVO) i
organizacije utemeljene u zajednicama dodatno su
odrzavale fragmentiranu politiku zbog nedostatka
jedinstva i nepostojanja zajednickoga cilja u svojim
aktivnostima za obrazovni sustav (Stabback, 2007;
Jancic 2008). Fragmentacija, segregacija i politiza-
cija traumatiziranoga i slomljenoga poslijeratnog

2 http://www.mcp.gov.ba/org_jedinice/sektor_obrazovanje/Osnovne_

informacije/default.aspx?id=8580&langT ag=bs-BA
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tion of a traumatised and broken post-war society
have permeated into all aspects of the education
system, transforming the dialogue of understanding
and social cohesion into one of opposing ideologies,
hatred, and mistrust (Jancic, 2008).

Primary education in the Federation is man-
datory and lasts for nine years. The latest reforms
in the field of education changed the duration of
primary education from eight to nine years. The
eight-year primary school duration has been ex-
tended for one school year, meaning that students
begin their primary school education at age six

(Jahi¢, 2015).

The cantonal ministries of education (many of
which are also responsible for education, science,
culture, and sports) have authority over education.
Their size and capacity to perform functions differ
from canton to canton. Municipalities with defined
regulations in education are able to determine lo-
cal-level competencies in the education sector in-
dependently.

According to the data from the Institute for
Statistics of the Federation of Bosnia and Herze-
govina (2008; 2012; 2015; 2017), the number of
primary schools in the Federation has decreased by
2.2% in the last ten years (2008-2017). In other
words, in the same period, 24 primary schools were
closed, most in Tuzla Canton, Una-Sana Canton,
and West-Herzegovina Canton.

According to the data from the Institute for
Statistics of the Federation of Bosnia and Her-
zegovina (1997; 2002; 2007; 2017), the general
assessment is that all cantons in the Federation
recorded a decrease in birth rate in the period of
1996-2017; whereby only Sarajevo Canton stands
out, with a relative decrease in the total birth rate
(9.5%) that is much lower than in all other cantons.
There is no doubt that the reduced birth rate and
associated fertility rate are among the key reasons
for the decreasing total number of primary school
pupils in all cantons in the Federation. The only
exception is Sarajevo, where a decrease in the to-
tal birth rate has been recorded; however, due to
immigration, this is the only canton in which the
number of primary school pupils increased over the
observed period.

92

drustva prodrli su u sve aspekte obrazovnoga susta-
va, pretvarajuéi nekadasnji nacin dijaloga, veée ra-
zumijevanje i socijalnu koheziju u jednu od suprot-
stavljenih ideologija, mrznju i nepovjerenje (Jancic

2008).

Osnovno je obrazovanje u Federaciji Bosne i
Hercegovine obvezno i traje devet godina. Najno-
vije reforme u podru¢ju obrazovanja promijenile
su trajanje osnovnoga obrazovanja s osam na devet
godina. Trajanje osmogodi$nje osnovne $kole pro-
duzeno je za jednu skolsku godinu, $to znadi da su
ucenici pohadali skolovanje od Seste godine Zivota

(Jahi¢, 2015).

Zupanijska ministarstva obrazovanja (od kojih
su mnoga odgovorna za obrazovanje, znanost, kul-
turu i sport) imaju zapravo vlast nad obrazovanjem.
Njihova veli¢ina i sposobnost za obavljanje funkcija
razlikuju se od Zupanije do Zupanije. Opéine s defi-
niranim propisima u obrazovanju razli¢ito odreduju
nadleznosti na lokalnoj razini u sektoru obrazova-

nja.

Prema podatcima Federalnoga zavoda za stati-
stiku (2008; 2012; 2015; 2017.) broj osnovnih sko-
la u Federaciji Bosne i Hercegovine u posljednjih
deset godina (2008 — 2017) smanjen je za 2,2 %.
Drugim rije¢ima, u istom razdoblju zatvorene su 24
osnovne $kole, pri ¢emu je vecina zatvorenih skola
u Tuzlanskoj Zupaniji, Unsko-sanskoj zupaniji i Za-
padnohercegovackoj Zupaniji.

Prema podatcima Federalnoga zavoda za sta-
tistiku (1997; 2002; 2007; 2017) op¢éa je ocjena
da su sve Zupanije u Federaciji Bosne i Herce-
govine zabiljezile pad nataliteta u razdoblju od
1996. do 2017., pri ¢emu se razlikuje samo Zu-
panija Sarajevo, ¢iji je relativni pad ukupne stope
nataliteta 9,5 % i jo§ uvijek je mnogo manji nego
u svim drugim Zupanijama. Nema sumnje da
su smanjenje nataliteta i pripadajuca stopa fer-
tiliteta medu kljuénim razlozima za smanjenje
ukupnoga broja ucenika osnovnih $kola u svim
Zupanijama u Federaciji Bosne i Hercegovine.
Iznimka je Sarajevo gdje se biljezi smanjenje
ukupne stope nataliteta, ali je i dalje jedina Zupa-
nija u kojoj je o¢igledno povecanje broja ucenika
osnovnih skola za promatrano razdoblje od deset
godina.



The situation regarding change in the number
of pupils in secondary schools in municipalities
and cantons is similar because, except for Sarajevo
Canton, all cantons have recorded a decrease in the
number of pupils. There are also negative trends in
the number of higher-education students, and even
state universities have observed decreased enrol-
ment in comparison to private or foreign universi-
ties. The analysis of other socio-geographic param-
eters (birth and death rates, migration rate, number
of employees, and the average net salary) reveal very
uneven and mostly negative trends for most can-
tons in the Federation. This is particularly expressed
for more than two-thirds of its municipalities.

Methods

What the actual trends are and whether there has
been significant change in the last ten-year period
can be detected by researching the variability of the
mentioned parameters. This opens the possibility
of using the coeflicient of variation, the measure of
variability for all municipalities, and also the very
reliable methods of k-means clustering that will
serve to classify 79 municipalities in the Federation
into groups of municipalities or so-called classes,
where all elements of one class or all municipalities
of one class have similar characteristics. This will,
in fact, make the categorisation of municipalities
possible, thus determining the degree of socio-geo-
graphical inequality in the Federation, and also cre-
ating a clearer picture of the situation in the trends
of primary education for the same area.

Vector of coefficients of variation

Lety, ..., %, be real numbers that represent some
measured parameter for t years. The coeflicient of
variation for these numbers is defined by

a
Cy = E
where
l
1
u= Tz Xi
=1

Sli¢na je situacija i s kretanjem broja ucenika u
srednjim $kolama u opéinama i Zupanijama jer sve
Zupanije, osim Zupanije Sarajevo, biljeze smanjenje
broja ucenika. Postoje i negativni trendovi u kreta-
nju broja studenata, gdje ¢ak i najpoznatija drzavna
sveucilista gube studente koji dominantno prelaze
na privatna sveudilista ili zbog iseljavanja studiraju
u zapadnoeuropskim i drugim zemljama. Anali-
za ostalih sociogeografskih parametara, kao §to su
stopa rodenja i smrtnosti, stopa migracije, broj za-
poslenih i prosje¢na neto placa otkrivaju vrlo neu-
jednacene i uglavnom negativne trendove za vecinu
zupanija u Federaciji Bosne i Hercegovine, a poseb-
no za vise od 2/3 opéina.

Metode

Koji je stvarni trend i je li doslo do bitnije pro-
mjene u posljednjem desetogodisnjem razdoblju
moze se otkriti istraZivanjem varijabilnosti nave-
denih parametara, §to otvara moguénost koriste-
nja koeficijenta varijacije, mjere varijabilnosti za
sve opdine, ali i vrlo pouzdane metode k-means
grupiranja koje ¢e posluziti za klasificiranje 79
opéina u entitetu Federacije Bosne i Hercegovine
u skupine opéina ili tzv. klase gdje svi elementi
jedne klase ili svih op¢ina jedne klase imaju sli¢-
na obiljezja. To ¢e u biti omoguditi kategorizaciju
opéina te na taj nacin odrediti stupanj sociogeo-
grafske nejednakosti u entitetu Federacije Bosne
i Hercegovine, ali i stvoriti jasniju sliku stanja u
trendovima primarnoga obrazovanja za isto po-
drudje.

Vektor koeficijenata varijacije

Neka su y,, ..., realni brojevi koji predstavljaju
mjerene veli¢ine za 1 godina. Koeficijent varijacije

za ove brojeve definiran je s

Cy=—
Yoo
gdje je

l
1
u= TZ Xi
i=1
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as a mean value and o is the standard deviation de-

fined by

§=1(xi — )"
-1

If we have # parameters, then we obtain a vector
of 7 coeflicients of variation

(cpp-ense,)

Every municipality® is represented in this way,
where coeflicients of variation were obtained from data
obtained from the Institute for Statistics of the Feder-
ation of Bosnia and Herzegovina. The reason we used
this approach is interconnectedness of parameters.

The coefficient of variation is a widely-used as a
tool in various areas of science (Reed et al., 2002; Ko-
zak et al., 2013). In this paper it represents changes
in socio-geographic processes for a given time pe-
riod. Eight parameters related to each municipality
were considered: birth rate; mortality rate; number of
immigrants; number of emigrants; number of pupils
in primary schools; average salary; unemployment
rate; and employment rate. Among the key reasons
for choosing these parameters was that they gave an
excellent picture of contemporary socio-geographi-
cal processes. The vector of coeflicient of variations
were obtained in the listed order. All these parameters
were used inside the vector because they were inter-
connected.

'These parameters were calculated from data obtained
from Institute for Statistics of the Federation of Bosnia

and Herzegovina during the period of 2008-2017.

'The value of variability measure of municipality

is defined using = (c_,, ..., ¢, ) by
n
— 2
f@=> e,
i=1

We call this function the “municipality measure
of variability”. It also defines the variability measure

3 The lowest administrative-territorial units within the Federation of
Bosnia and Herzegovina (total of 79)
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srednja vrijednost i ¢ standardna devijacija defini-
ranas

%zl(xi - tu')z
-1

Ako postoji n parametara, tada se dobiva vektor
od n koeficijenata varijacije

(Cp -5 )

Na ovaj nadin svaka opdéina® nalazi svoju za-
stupljenost, gdje su koeficijenti varijacije dobiveni
iz podataka dobivenih od Federalnoga zavoda za
statistiku. Razlog zbog kojega se koristi ovaj pristup
je medusobna povezanost parametara.

Siroka je upotreba koeficijenta varijacije kao
alata u razli¢itim podrudjima znanosti (Reed i dr.,
2002; Kozak i dr., 2013). U ovom su radu prika-
zane promjene u sociogeografskim procesima za
odredeno razdoblje. Razmatra se osam parametara
koji se odnose na svaku opéinu: natalitet, mortali-
tet, broj imigranata, broj emigranata, broj u¢enika
u osnovnoj skoli, prosje¢na placa, stopa nezaposle-
nosti, stopa zaposlenosti. Jedan od klju¢nih razlo-
ga za odabir navedenih parametara jest u tome $to
ti parametri daju odli¢nu sliku stanja suvremenih
sociogeografskih procesa. Vektor koeficijenata va-
rijacije dobiva se u tom redoslijedu. Koriste se svi
parametri unutar vektora jer su medusobno pove-

zani.

Ti su parametri izracunati iz podataka dobivenih
od Federalnoga zavoda za statistiku u razdoblju od

2008. do 2017.

Definira se mjera varijabilnosti op¢ine

x= (ETZ’ o [wz) S
n

f0) =) ar
i=1

Ova funkcija nazvana je ,mjera varijabilnosti op-
¢ine”. Takoder, definira se mjera varijabilnosti neke

3 Najmanje administrativno-teritorijalne jedinice u Federaciji Bosne i

Hercegovine (ukupno 79).



of a given subset to be the mean value of the varia-
bility measures of their elements, i.e.

ZxES f(x)

f(8) ==

where Dis the set of all municipalities in the Feder-
ation, S < @, and ||is its number of elements.

For different parameters, a value of measurability
of variation higher than 0.2 shows high variability
or a high rate of change. From 0.1 to 0.2 it shows
median changes and below 0.1 it shows stable and
almost unchanging processes. This implies that
viewing vectors of coeflicients of variation gives us
a more accurate picture of variability of a certain
process, which can be socio-geographic, education-
al, economic, etc.

The Federation has ten administrative areas
called cantons which represent the second level of
administrative territorial division of the Federation
of Bosnia and Herzegovina. Every canton contains
a certain number of municipalities. In this paper we
calculated the measure of variability of each canton.
Table 1 presents the obtained results for municipal-
ities, as well as their variability measures and Table
2 shows the appropriate measure of variability by
canton. We rounded every value to two decimal
places after the decimal point.

There are many reasons for the high values of
certain measures of variability for the municipali-
ties. The most important are: negative migration
processes; decline in population dynamics; decline
in the number of pupils in primary schools; low av-
erage salary; and the dominant process of popula-
tion aging. Conversely, there are municipalities with
low values in certain measures of variability, mostly
due to positive socio-geographic processes: immi-
gration processes; increasing of numbers of pupils
in primary schools; increasing natural and overall
population dynamics; and living standard improve-
ments—which are visible through average salary
increases and increasing employment rates. This
tells us that municipalities and cantons with lower
values of measure of variability actually have posi-
tive socio-geographic and educational parameters.

podskupine kao srednja vrijednost mjera varijabil-
nosti njihovih elemenata, tj.

Yxes f (%)

F(9) =255

gdje je @ skup svih opéina u Federaciji Bosne i Her-
cegovine, S < D, a | S| je njihov broj elemenata.

Za razli¢ite vrijednosti mjerenje varijacije
ve¢e od 0,2 pokazuje visoku varijabilnost od-
nosno velike promjene. Od 0,1 do 0,2 pokazuje
posredne promjene, a ispod 0,1 pokazuje stabil-
ne i gotovo nepromjenjive procese. To znaci da
promatranje vektora koeficijenata varijacije daje
to¢niju sliku varijabilnosti odredenoga procesa,
koji mozZe biti sociogeografski, obrazovni, eko-
nomski, itd.

Kao sto je ve¢ spomenuto, Federacija Bosne
i Hercegovine sastoji se od deset administrativ-
nih podrudja zvanih Zupanije, a svaka Zupanija
od odredenoga broja opé¢ina. U ovom se radu
izraCunava mjera varijabilnosti svake Zupanije.
Tablica 1 predstavlja dobivene rezultate za op-
¢ine, kao i njihove mjere varijabilnosti, a Tablica
2 odgovaraju¢u mjeru varijabilnosti za pripada-
juéu Zzupaniju. Svaka vrijednost zaokruzuje se
dvama decimalnim mjestima nakon decimalne
tocke.

Razlozi za visoke vrijednosti pojedinih mje-
ra varijabilnosti opéina su viSestruki. Najvazniji
su: negativni migracijski procesi, pad popula-
cijske dinamike, pad broja ucenika u osnovnim
skolama, niska vrijednost prosjeéne place, do-
minantan proces starenja stanovnistva. S druge
strane, postoje op¢ine s niskim mjerama vari-
jabilnosti, uglavnom zbog pozitivnih sociogeo-
grafskih procesa: imigracijski proces, povecanje
broja uéenika u osnovnim $kolama, povecanje
prirodne i ukupne dinamike populacije, po-
boljsanje Zivotnoga standarda, $to je vidljivo u
povecanju prosjecne plaée i ve¢em broju zapo-
slenih. To nam govori da opéine i Zupanije s ni-
Zim vrijednostima mjere varijabilnosti zapravo
imaju pozitivne sociogeografske i obrazovne
parametre.
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Tab. 1 Vector of coefficients of variation and measure of variability for the period 2008-2017.
Tab. 1. Vektor koeficiienata varijacije i mjera varijabilnosti za period 2008-2017.
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CENTAR 0.05 0.05 0.18 0.15 0.06 0.05 0.05 0.03 0.07
HADZICI 0.06 0.09 0.17 0.37 0.05 0.05 0.04 0.07 0.19
ILIDZA 0.04 0.08 0.27 0.33 0.05 0.05 0.05 0.10 0.21
ILIJAS 0.05 0.10 0.24 0.30 0.03 0.04 0.04 0.27 0.24
NOVI GRAD 0.06 0.05 0.16 0.20 0.06 0.04 0.05 0.1 0.09
NOVO SARAJEVO 0.19 0.04 0.18 0.18 0.03 0.05 0.06 0.04 0.11
STARI GRAD 0.09 0.05 0.18 0.17 0.11 0.05 0.05 0.04 0.09
TRNOVO (FBiH) 0.32 0.20 1,98 1,07 0.21 0.02 0.08 0.14 527
VOGOSCA 0.09 0.14 0.18 0.25 0.04 0.03 0.05 0.14 0.12
BOSANSKA KRUPA 0.16 0.07 0.18 0.21 0.13 0.05 0.07 0.07 0.14
BOSANSKI PETROVAC | 0.19 0.08 0.12 0.15 0.15 0.09 0.06 0.10 0.12
BUZIM 0.12 0.09 0.17 0.20 0.11 0.05 0.22 0.10 0.16
CAZIN 0.16 0.04 0.17 0.15 0.08 0.03 0.08 0.09 0.09
GRAD BIHAC 0.12 0.05 0.14 0.15 0.17 0.06 0.16 0.04 0.12
KLJUC 0.20 0.08 0.07 0.13 0.22 0.07 0.07 0.10 0.14
SANSKI MOST 0.14 0.08 0.16 0.13 0.20 0.07 0.05 0.07 0.12
VELIKA KLADUSA 0.16 0.05 0.13 0.16 0.05 0.05 0.10 0.08 0.09
BANOVICI 0.05 0.09 0.16 0.11 0.10 0.06 0.04 0.03 0.06
CELIC 0.14 0.10 0.15 0.10 0.12 0.03 0.04 0.10 0.09
DOBOJ-ISTOK 0.13 0.20 0.19 0.10 0.06 0.03 0.08 0.16 0.14
VARES 0.28 0.10 0.13 0.19 0.18 0.07 0.24 0.08 0.24
VISOKO 0.14 0.05 0.12 0.19 0.04 0.05 0.16 0.06 0.10
ZAVIDOVICI 0.20 0.06 0.10 0.08 0.10 0.11 0.27 0.19 0.19
GRAD ZENICA 0.08 0.05 0.11 0.10 0.09 0.07 0.03 0.03 0.04
ZEPCE 0.11 0.06 0.13 0.13 0.12 0.04 0.23 0.17 0.15
FOCA-FBIH 0.19 0.21 0.46 0.25 0.19 0.10 0.28 0.09 0.48
GORAZDE 0.10 0.08 0.16 0.36 0.15 0.02 0.14 0.14 0.24
PALE-FBIH 0.40 0.41 0.43 0.30 0.19 0.04 0.26 0.08 0.72
BUGOJNO 0.11 0.05 0.10 0.12 0.13 0.10 0.24 0.10 0.13
BUSOVACA 0.12 0.06 0.12 0.17 0.11 0.08 0.28 0.11 0.17
DONJI VAKUF 0.14 0.08 0.13 0.1 0.14 0.09 0.29 0.20 0.20
FOJNICA 0.13 0.08 0.11 0.13 0.15 0.08 0.20 0.05 0.12
VAKU%_OU%I\I?&PLJE 0.11 0.11 0.08 017 0.15 0.10 027 0.08 0.18
JAJCE 0.14 0.18 0.12 0.15 0.12 0.11 0.27 0.08 0.20
KISELJAK 0.15 0.06 0.18 0.18 0.10 0.06 0.19 0.10 0.15
KRECEVO 0.17 0.14 0.14 0.21 0.17 0.14 0.17 0.07 0.19
DOBRETICI 0.43 0.46 0.55 0.35 0.43 0.14 0.17 0.13 1,08
NOVI TRAVNIK 0.07 0.09 0.15 0.12 0.14 0.09 0.25 0.15 0.16
TRAVNIK 0.11 0.09 0.08 0.12 0.35 0.25 0.12 0.09 0.25
VITEZ 0.09 0.10 0.08 0.17 0.12 0.06 0.16 0.12 0.11
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GRACANICA 0.13 0.08 0.07 0.25 0.09 0.04 0.06 0.08 0.11
GRAD TUZLA 0.06 0.06 0.13 017 0.10 0.02 0.05 0.04 0.07
GRADACAC 0.08 0.05 0.15 0.25 0.12 0.02 004 | 011 0.12
KALESTJA 0.13 0.08 0.19 0.14 0.13 0.02 0.06 0.13 0.12
KLADAN] 0.15 0.07 0.14 0.07 017 0.02 004 | 007 0.09
LUKAVAC 0.14 0.07 0.14 0.16 013 0.03 0.05 0.03 0.09
SAPNA 0.21 017 0.27 0.16 0.23 0.08 0.06 0.12 0.24
SREBRENIK 0.14 0.09 0.21 0.30 007 | 002 0.08 0.08 0.18
TEOCAK 0.22 0.14 0.28 0.24 0.15 0.03 007 | 0.04 0.23
ZIVINICE 0.12 0.09 0.09 0.13 0.09 0.05 0.06 0.06 0.06
DONALJEVAC 0.34 0.07 0.28 0.46 0.32 0.03 0.07 0.08 0.54
ODZAK 0.20 0.07 0.13 0.15 017 | 0.04 0.05 0.09 0.13
ORASJE 0.17 0.08 0.18 0.66 021 0.04 004 | 0.06 0.55
BREZA 0.13 0.06 0.14 0.23 014 | 010 0.22 0.02 0.18
DOBOJ-JUG 0.17 0.16 0.14 0.14 0.06 0.06 024 | 013 0.18
KAKAN] 0.12 0.10 0.05 0.07 014 | 008 024 | 013 0.13
MAGLAJ 0.10 0.07 0.13 0.15 0.13 0.07 0.27 0.13 017
OLOVO 0.27 011 0.17 024 0.18 0.04 0.23 0.09 027
TESAN] 0.07 0.06 0.08 01 0.08 0.02 0.19 015 0.09
USORA 0.25 0.20 0.29 0.13 0.30 0.14 0.29 031 0.49
CAPLJINA 0.10 0.15 0.16 0.33 014 | 003 02 0.01 0.23
CITLUK 0.15 011 0.20 0.22 0.10 0.06 011 0.20 0.19
JABLANICA 0.15 0.10 0.22 011 0.12 0.07 0.28 0.08 0.19
KONJIC 0.15 0.08 014 | 025 0.13 0.07 0.22 0.10 0.19
GRAD MOSTAR 0.03 0.05 0.19 017 0.09 0.05 0.09 0.07 0.09
NEUM 0.68 0.39 0.29 0.16 014 | 008 0.10 0.05 0.76
PROZOR 0.18 0.23 0.20 0.25 017 0.06 0.26 0.10 03
STOLAC 0.15 0.08 0.77 0.24 0.18 027 0.28 0.11 0.88
RAVNO 0.85 0.82 0.62 03 0.22 0.14 0.15 024 | 2,02
GRUDE 0.09 0.16 0.18 0.19 0.10 0.10 0.15 0.13 017
LJUBUSKI 0.05 0.11 0.32 0.25 0.10 0.08 017 | 0.04 0.23
POSUSJE 011 0.07 014 | 019 0.09 0.09 014 | 0.10 0.12
i CRAD 005 | 007 | 020 | 019 | 012 | 008 | 013 | 012 | 013
SIROKI BRIJEG
O orS 0.43 0.54 0.45 0.30 0.06 0.08 0.11 0.16 0.81
DRVAR 0.16 0.07 0.37 0.22 0.08 0.12 0.09 0.12 0.25
GLAMOC 0.15 0.09 0.48 027 0.03 0.09 0.07 0.12 037
KUPRES 0.14 0.12 0.24 03 0.19 0.10 0.05 0.22 0.28
LIVNO 0.07 015 0.23 021 0.15 0.07 0.05 0.02 015
TOMISLAVGRAD 0.16 011 0.22 0.16 0.12 0.05 0.05 0.04 0.13

Source: Stafistical Yearbook of the Federation of Bosnia and Herzegovina (2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018).

lzvor: Statisticki godiSnjaci Federacije Bosne i Hercegovine (2009., 2010., 2011.,2012,, 2013., 2014., 2015., 2016., 2017., 2018.)
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Tab. 2 Measure of variability of cantons in the Federation of Bosnia and Herzegovina
Tab. 2. Mjera varijabilnosti po Zupanijama u Federaciji Bosne i Hercegovine

Una-Sana Canton / Unsko-sanska Zupanija 0.12
Posavina Canton / Posavska zupanija 0.40
Tuzla Canton / Tuzlanska Zupanija 0.12
Zenica-Doboj Canton / Zenicko-dobojska zupanija 0.19
Bosnian-Podrinje Canton Gorazde/ Bosansko-podrinjska Zupanija Gorazde 0.48
Central-Bosnia Canton / Srednjobosanska Zupanija 0.25
Herzegovina-Neretva Canton / Hercegovacko-neretvanska Zupanija 0.54
West Herzegovina Canton / Zapadnohercegovacka Zupanija 0.16
Sarajevo Canton / Sarajevska zupanija 0.71
Canton 10 / Zupanija 10 0.33

Source: Statistical Yearbook of the Federation of Bosnia and Herzegovina (2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018).
lzvor: Stafisticki Godisnjaci Federacije Bosne i Hercegovine (2009., 2010., 2011., 2012., 2013., 2014., 2015., 2016., 2017., 2018.)
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Fig. 1 Measures of variability by
municipality

SI. 1. Opcinska mjera
varijabilnosti

Source: Statistical Yearbook

of the Federation of Bosnia
and Herzegovina (2009., 2010.,
2011.,2012.,2013.,2014., 2015.,
2016.,2017.,2018.).

lzvor: Statisticki godiSnjaci
Federacije Bosne i
Hercegovine (2009., 2010.,
2011.,2012.,2013., 2014., 2015,
2016.,2017.,2018.)



Fig. 2 Histogram of measures of
variability

SI. 2. Histogram mijere
varijabilnosti

Source: Statistical Yearbook
of the Federation of Bosnia
and Herzegovina (2009., 2010.,

Frequency/Frekvencija

Federacije Bosne i
Hercegovine (2009., 2010.,
2011.,2012., 2013., 2014., 2015.,
2016.,2017.,2018.)

35
30
25
20
15
10
2011, 2012, 2013, 2014, 2015, 5 I I I
2016, 2017., 2018,).
lzvor: Statistiéki godiénjaci 0
0 0.1 0.2 0.3

10 More/Vise

Bin

As the histogram (Fig. 2) shows, there are 15
municipalities with measures of variability between
0and 0.1, 39 municipalities between 0.1 and 0.2,13
municipalities between 0.2 and 0.3, and 12 munici-
palities with measure of variability greater than 0.3
(Fig. 3). This implies expressly positive socio-geo-
graphic and educational parameters for 15 munic-
ipalities and expressly negative socio-geographic
and educational parameters for 12.

In the next section, k-means clustering was applied
to obtain a categorisation of the Federation in regions
with similar municipalities with respect to variability
of these parameters. This showed which municipali-
ties belonged to the same range of variability.

Kao sto pokazuje histogram (sl. 2), postoji 15
opéina s mjerom varijabilnosti izmedu 0 i 0,1, 39
opéina izmedu 0,11 0,2, 13 opéina izmedu 0,2 1 0,3
i 12 op¢ina s mjerom varijabilnosti ve¢om od 0,3 (sl.
3). To podrazumijeva vrlo pozitivne sociogeograf-
ske i obrazovne parametre za 15 opéina i izrazito
negativne za 12 op¢ina.

U sljede¢em se odjeljku primjenjuje 4-means
grupiranje za dobivanje kategorizacije Federacije
Bosne i Hercegovine u regije sli¢nih opéina s ob-
zirom na varijabilnost navedenih parametara. To
pokazuje koje opéine pripadaju istom rasponu va-
rijabilnosti.
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[ Cluster 1 - 0.12302096397968589
I Cluster 2 - 0.17871099547912533
I Cluster 3 - 0.41249153903425806
I Cluster 4 - 1.077769924618837
I Cluster 5 - 5.2664565722415

[ IRs

I Bréko District

0 15 30 60 20 120
O e Km

Fig. 3 The spatial coverage of 5 clusters with associated municipalifies of the Federation of Bosnia and Herzegovina
S1. 3. Prostorni obuhvat 5 klastera s pripadajuéim opc¢inama Federacije Bosne i Hercegovine

100



K-means clustering

K-means clustering is a widely-used tool for un-
supervised learning and the classification of data into
similar classes. It is included in most books that deal
with Machine Learning and Data Science. This sec-
tion uses k-means clustering to obtain a categorisation
of municipalities of the Federation into similar classes
according to selected socio-geographic and education-
al parameters (see Scholkopf and Smola, 2002).

Let

D ={X(1), ..., X(m)}

be a set of municipalities in a given region of the state.
Each municipality is represented as an eight-dimen-
sional vector. K-means clustering with standard Eu-
clidean distance is applied and k classes are obtained.
Each of these classes represents municipalities with
similar variability with respect to the selected pa-
rameters. Every parameter has equal influence when
using Euclidean norm, which this paper contains.

, X'} which
are vectors in R" The k-means clustering algo-

Suppose there are some data {X, ...

rithm partitions this dataset into k subsets in the
following way. First it initializes cluster centroids
My, ..., M € R randomly. Then it repeats the follow-
ing two steps until convergence:

1) for every i, set &? to be index j for which
|| X9 uj| |? is minimal,
2) for each j, set centroid to be mean value of all X

for which 7= j.

k subsets are formed in such a way that their el-
ements have distance from their centroids mini-
mised in square norm.

For k = 5, classes with appropriate measures of
variability are obtained and shown in figure 3.

K-means grupiranje

Siroka je primjena %-means grupiranja kao alata
u klasifikaciji podataka u sli¢ne razrede. To je dio
gotovo svake tematike strojnoga ucenja i znanosti
o podatcima. Ovdje se 4-means grupiranje koristi
za dobivanje kategorizacije op¢ina Federacije Bosne
i Hercegovine u sli¢ne razrede za sociogeografske
i obrazovne parametre (vidi Scholkopf i Smola,

2002).
Neka je
D ={X1),...,X(m)}

skup opéina u nekoj regiji drzave. Svaka se opéina
predstavlja kao osmodimenzionalni vektor. K-me-
ans grupiranje primjenjuje se sa standardnom eu-
klidskom udaljenosti i dobiva se k-klasa. Svaka od
tih klasa predstavlja opéine sa sli¢cnom varijabilno-
§¢u u odnosu na te parametre. Svaki parametar ima
jednak utjecaj pri koristenju euklidske norme koju
ovaj rad sadrzi.

Pretpostavimo da su dani podatci (X%, ... , X"}
koji su vektori u R". K-means grupiranje algorita-
ma vrsi particiju skupa podataka na k-podskupova
na sljedeéi nadin. Prvo inicijalizira centre klastera
My, --- B € R slucajno. Tada ponavlja sljedeca dva
koraka do konvergencije:

1) za svako i stavi ¢ da bude indeks j za koji je
[|X9~ p|[> minimalno
2) za svako j stavi centar da bude srednja vrijednost

svih X za koje 7 =j.

k-podskupovi oblikovani su tako da su njihovi ele-
menti udaljeni od svojih centara u kvadratnoj nor-
mi.

Zak =5 dobivene su klase s odgovaraju¢im mje-
rama varijabilnosti koje su prikazane na slici 3.
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For k=10 the results are as follows:

0.10463571818898468

[‘CENTAR’, ‘NOVI GRAD’, ‘NOVO SARAJEVQ’, ‘STARI
GRAD’, ‘BOSANSKA KRUPA, ‘BOSANSKI PETRO-
VAC’, ‘CAZIN’, ‘GRAD BIHAC’, KLJUC’, ‘SANSKI
MOST’, ‘VELIKA KLADUSA, ‘BANOVICT, ‘CELIC,
‘DOBOJ-ISTOK’, ‘GRACANICA, ‘GRAD TUZLA,
‘KALESIJA, ‘KLADANJ, ‘LUKAVAC’, “ZIVINICE,
‘ODZAK’, ‘VISOKO’, ‘GRAD ZENICA, ‘GRAD MO-
STAR’, POSUSJE’, ‘GRAD SIROKI BRIJEG’, ‘LIVNO’,
“TOMISLAVGRAD’]

0.1910022513002575

[‘BUZIM’, ‘BREZA, ‘DOBOJ-JUG, ‘KAKANJ, ‘MAG-
LA, ‘OLOVO’, “TESANJ, ‘USORA, ‘VARES, ‘ZAV-
IDOVICT, ‘ZEPCE’, BUGOJNO’, ' BUSOVACA, ‘DON-
JI VAKUF’, FOJNICA’, ‘GORN]JI VAKUF-USKOPLJE’,
JAJCE’, ‘KISELJAK’, ‘KRESEVQ’, ‘NOVI TRAVNIK’,
“TRAVNIK’, ‘VITEZ’, JABLANICA, ‘KONJIC’, ‘PRO-
ZOR’,‘GRUDE’]

0.20010145924388056

[HADZICP,  ‘ILIDZA,  ‘ILIJAS,  ‘VOGOSCA,
‘GRADACAC’, ‘SREBRENIK’, ‘GORAZDE’, ‘CAPLJI-
NA, ‘CITLUK’, 'KUPRES’]

0.301786899006198

['SAPNA, ‘TEOCAK,
‘DRVAR’,‘GLAMOC’]

0.5414880484473281

[‘DOMALJEVAC-SAMAC’,‘ORASJE]

0.7594561171339448

['NEUM’]

0.869076997161968

[‘PALE-FBIH’, DOBRETICT’, ' BOSANSKO GRAHOVO’]

0.8777668201333126
[‘STOLAC’]

2.0221625144743367
[‘RAVNO’]
5.26645657522415
[“TRNOVO-FBil’]

‘FOCA-FBIH’, ‘LJUBUSKT,
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La k = 10 rezultat je sliedeci:

0.10463571818898468

[‘CENTAR’, ‘NOVI GRAD’, ‘NOVO SARAJEVQ’, ‘STARI
GRAD?, ‘BOSANSKA KRUPA, ‘BOSANSKI PETRO-
VAC’, ‘CAZIN’, ‘GRAD BIHAC’, KLJUC’, ‘SANSKI
MOST’, ‘VELIKA KLADUSA, ‘BANOVICT, ‘CELIC’,
‘DOBOJ-ISTOK’, ‘GRACANICA, ‘GRAD TUZLA,
‘KALESIJA, ‘KLADANJ, ‘LUKAVAC, ‘ZIVINICE,
‘ODZAK’, ‘VISOKO’, ‘GRAD ZENICA, ‘GRAD MO-
STAR’, ‘POSUSJE’, ‘GRAD SIROKI BRIJEG’, ‘LIVNO’,
“TOMISLAVGRAD’]

0.1910022513002575

[‘BUZIM’, ‘BREZA, ‘DOBOJ-JUG’, ‘KAKANJ’, MAGLAY,
‘OLOVO’, “TESANJ, ‘USORA, ‘VARES, ‘“ZAVIDO-
VICI, ZEPCE’, ‘BUGOJNO’, ‘BUSOVACA, ‘DONJI
VAKUF’, ‘FOJNICA, ‘GORNJI VAKUF-USKOPLJE,
JAJCE’, ‘KISELJAK’, ‘KRESEVO’, ‘NOVI TRAVNIK’,
“TRAVNIK’, ‘VITEZ’, JABLANICA’, ‘KONJIC’, ‘PRO-
ZOR’,‘GRUDE’]

0.20010145924388056

[HADZICP, ‘ILIDZA, ‘ILIJAS, ‘VOGOSCA, ‘GRA-
DACAC’, ‘SREBRENIK’, ‘GORAZDE’, ‘CAPLJINA,
‘CITLUK’, 'KUPRES’]

0.301786899006198

[‘SAPNA, ‘TEOCAK’, ‘FOCA-FBIH’, ‘LJUBUSKI’, ‘DR-
VAR’,‘GLAMOC’]

0.5414880484473281

[‘DOMALJEVAC-SAMAC’,‘ORASJE’]

0.7594561171339448

[‘'NEUM’]

0.869076997161968

[‘PALE-FBIH’,' DOBRETICI’,' BOSANSKO GRAHOVO']

0.8777668201333126
[‘STOLAC’]

2.0221625144743367
['RAVNO']
5.26645657522415
[“TRNOVO-FBilT]



Discussion

It is clear that the Dayton Peace Agreement and
its regulations regarding education and the formation
of the post-war administrative and territorial struc-
ture is a major influencing factor on the current state
of education, as well as the socio-economic structure
of the entities of Bosnia and Herzegovina. By intro-
ducing the method of k-means clustering, it was pos-
sible to form 5 classes of municipalities in which the
variation measures are different for each class. In the
first, the most favourable class consists of the primar-
ily-urban municipalities of Sarajevo Canton, munic-
ipalities or larger urban centres such as the City of
Tuzla or the City of Zenica, the City of Siroki Brijeg,
and very promising and economically solid munici-
palities such as Visoko, Gorazde, Zivinice, Gradacac,
Srebrenik, Lukavac, Banoviéi, and Cazin.

In the second class, municipalities from Cen-
tral-Bosnia Canton and Zenica-Doboj Canton
dominate, with a value of the variability measure
rounded to two decimal places at 0.80. These are
municipalities that have a lower standard of living,
lower potential of elementary school pupils, lower
employment rate, and the space has negative values
of natural and mechanical population movements.

In the third class, there are bordering and bor-
der municipalities, such as Oragje, Stolac, Ljubuski,
Drvar, Domaljevac-Samac, and Glamog.

'The fourth and fifth classes refer to municipali-
ties where the measure of variability value exceeds
the number 1, indicating the presence of expressly
negative values of socio-economic parameters.

'The number of pupils in the elementary schools
of Bosansko Grahovo, Neum, Dobretiéi, Ravno,
and Pale is decreasing and schools are closing. The
main reason is a total exodus of population to oth-
er parts of the Federation or abroad. An exception
is the municipality of Trnovo, where the variability
measure value greater than 5 indicates significant
changes in the number of inhabitants, especially
in 2012. In this year, due to political circumstanc-
es and administrative tools, methodological deter-
minants of the Population Census were able to be
manipulated. Thus, in the same year, the municipal-
ity of Trnovo received a large number of newcom-
ers from RS and this great difference in the total

Rasprava

Jasno je da su Dejtonski mirovni sporazum
i njegovi propisi koji se odnose na obrazovanje
i formiranje poslijeratne administrativne i teri-
torijalne strukture ostavili velik trag na kasnije
stanje obrazovanja, kao i socioekonomsku struk-
turu entiteta Federacije BiH. Uvodenjem meto-
de %-means grupiranja bilo je moguce formirati
5 klasa opéina u kojima su varijacijske mjere
razli¢ite za svaku klasu. U prvoj, najpovoljnijoj
klasi prvenstveno su urbane opéine Zupanije
Sarajevo, opéine ili veéi urbani centri kao §to su
Grad Tuzla ili Grad Zenica, Grad Siroki Brijeg
i veoma perspektivne i privredno dobro funk-
cionirajuce opéine kao sto su Visoko, Gorazde,
Zivinice, Gradacac, Srebrenik, Lukavac, Bano-
vidi i Cazin.

U drugoj klasi dominiraju opéine Srednjobo-
sanske Zupanije i Zenic¢ko-dobojske Zupanije, ¢ija
je vrijednost mjere varijabilnosti zaokruzZena na
dva decimalna mjesta na 0,80. Rije¢ je o opéina-
ma nizega zivotnog standarda, niskoga potencijala
ucenika osnovnih $kola, manje zaposlenosti i pro-
stora koji imaju negativne vrijednosti prirodnoga i
mehanickoga kretanja stanovnistva.

U trecoj su klasi pograni¢ne i grani¢ne opéine
kao sto su Orasje, Stolac, Ljubuski, Drvar, Doma-
ljevac-Samac i Glamoc.

Cetvrta i peta klasa odnose se na opéine u ko-
jima vrijednost varijabilnosti prelazi broj 1 i upu-
¢uje na zakljucak o vrlo negativnim vrijednostima

socioekonomskih parametara.

Broj u¢enika u osnovnim $kolama u opéinama
Bosansko Grahovo, Neum, Dobreti¢i, Ravno i
Pale-FBiH u opadanju je i dovodi do zatvaranja
skola. Glavni je razlog potpuni egzodus stanov-
ni$tva u druge dijelove Federacije Bosne i Herce-
govine ili u inozemstvo. Iznimka je opé¢ina Trnovo
(FBiH), gdje vrijednost varijabilnosti ve¢a od 5
upucuje na znacajne promjene u broju stanovnika,
posebno u 2012. godini. U toj se godini zbog poli-
tickih okolnosti i administrativnih odnosa moglo
manipulirati metodoloskim odrednicama popisa
stanovnistva i prijaviti se u drugim mjestima. Tako
je iste godine op¢ina Trnovo (FBiH) primila velik
broj stanovnika iz entiteta Republike Srpske i ta
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number of inhabitants manifested in the variability
of socio-geographic parameters, due to which the
natural and mechanical processes of the population
showed significant irregularities.

When the ten classes are allocated according to
the application of k-means clustering, it can be no-
ticed that almost six classes, with the exception of the
fifth and the seventh, have one municipality in their
composition. This indicates that these are high values
of the measure of variability as a result of the dynamic
processes of reducing the natural and the total move-
ment of the population for the same municipalities,
insufficient birth rate and number of primary school
pupils, high unemployment rate, years of low wages,
and exodus of the population from already sparse-
ly-populated municipalities. These processes have
been identified by Emirhafizovi¢ and Zoli¢ (2017).

Conclusion

Higher variability in certain clusters implies higher
variability in cantons which contain municipalities in
said clusters. Using this method, those municipalities
were detected and a classification of the Federation,
with respect to variability, was obtained. These varia-
bility classifications were based on the vectors of eight
elements, which represented variability of certain pa-
rameters related to socio-geographic, educational,
and economic aspects of life. There are several factors
that led to these results. Some of them are related to
large immigrations that took place one year before the
2013 Population Census. Others are related to eco-
nomic issues, political instability, ethnic polarisation,
and process of centralisation of settlements.

Polarisation processes in the Federation, especially
after the war, have resulted in unequal socio-economic
development and spatial redeployment of the popula-
tion, as well as the concentration of population, jobs,
and housing in urban settlements. Political and eco-
nomic changes and the consequences of the war have
deepened and accelerated the already unfavourable
demographic processes, visible in the overall depop-
ulation and deterioration of the structure of the pop-
ulation of the border cantons in the Federation. This
has also created significant differences in primary and
secondary education in Sarajevo Canton and some of
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velika razlika u ukupnom broju stanovnika mani-
festirala se u varijabilnosti sociogeografskih para-
metara, medu kojima su prirodni i mehanicki pro-
cesi stanovnistva pokazali znacajne nepravilnosti.

Ako se uzme u obzir 10 klasa shodno primje-
ni k-means grupiranja, moze se opaziti da gotovo
6 klasa, s izuzetkom pete i sedme, ima samo jed-
nu opdinu u svom sastavu. Ovo upuduje na to da
su visoke vrijednosti mjere varijabilnosti rezultat
dinamickih procesa smanjenja prirodnoga i uku-
pnoga kretanja stanovni§tva za iste opéine, zatim
nedovoljna broja rodene djece i ucenika osnov-
nih skola, velika broja nezaposlenih osoba, niske
vrijednosti prosje¢ne neto place i egzodusa sta-
novnistva iz ve¢ ionako rijetko naseljenih opéina.
Te su procese identificirali Emirhafizovi¢ i Zoli¢

(2017).

Lakljuéak

Veca varijabilnost u odredenim skupinama po-
drazumijeva vecu varijabilnost u Zupanijama koje
imaju opéine u tim skupinama. Ova metoda otkriva
te opéine i daje odredenu klasifikaciju opéina Fede-
racije Bosne i Hercegovine u odnosu na varijabilnost.
Klasifikacija varijabilnosti temelji se na vektoru osam
elemenata koji predstavljaju varijabilnost pojedinih
parametara vezanih za sociogeografske, obrazovne i
privredne aspekte Zivota. Postoji nekoliko razloga za
dobivanje takvih rezultata. Neki su od njih poveza-
ni s golemim imigracijama godinu dana prije popisa
stanovnistva 2013. Ostali su povezani s privrednim
pitanjima, politickom nestabilno§¢u, etni¢kom pola-

rizacijom i procesom centralizacije naselja.

Polarizacijski procesi zapoceti u Federaciji Bosne
i Hercegovine, posebno nakon rata, rezultirali su ne-
jednakim socioekonomskim razvojem i prostornom
preraspodjelom stanovnistva te koncentracijom sta-
novnistva, radnih mjesta i stanova u gradskim nase-
ljima. Politicke i ekonomske promjene i posljedice
rata produbile su i ubrzale ionako nepovoljne demo-
grafske procese, §to se odrazava u ukupnoj depopu-
laciji i pogorsanju strukture stanovnistva pogranic-
nih Zupanija u Federaciji Bosne i Hercegovine, ali
su stvorile i znacajne razlike u osnovnom i srednjem
obrazovanju u Zupaniji Sarajevo i nekim veéim op-



the larger municipal centres in relation to the border
cantons and most of the smaller municipal centres.

The analysis of the measure of variability at the
canton level (Tab. 2) shows the existence of two
groups of cantons. In the first group are those cantons
in which no specific changes or variations have been
recorded in the last 10 years, and in which the negative
demographic and economic-geographical processes
trace from the War and post-War eras. These cantons
have faced near-stagnant development for the last ten
years, which is especially true for Una-Sana Canton,
Zenica-Doboj Canton, and West Herzegovina Can-
ton. On the other hand, Herzegovina-Neretva Can-
ton, Bosnian-Podrinje Canton and Sarajevo Canton
(second group) recorded significant changes in the
measure of variability in which, however, different pa-
rameters played a key role, due to high values of the
squared coefficient of variation. Precise values, how-
ever, point to the key role that was played in 2012, the
year before the 2013 Population Census. In this year,
the residents who dominated in the Canton Sarajevo
and Tuzla Canton, were massively check out the place
of residence in Federation in order to record in the
smaller B&H entity of Republika Srpska, first time

after the war and post-war reconstruction.

¢inskim centrima u odnosu na grani¢ne i ve¢inu ma-
njih opéinskih centara.

Analiza mijere varijabilnosti na razini Zupanija
(tab. 2) pokazuje postojanje dviju skupina Zupanija.
U prvoj su skupini one Zupanije u kojima nisu za-
biljezene nikakve posebne promjene ili varijacije u
posljednjih 10 godina, u kojima su negativni demo-
grafski i ekonomsko-geografski procesi ostavili trag
u ratu i poslijeratnom razdoblju. Te Zupanije suocile
su se s gotovo stagnirajuéim razvojem u zadnjih deset
godina, to se posebno odnosi na Unsko-sansku, Ze-
ni¢ko-dobojsku i Zapadnohercegovacku Zupaniju.
S druge strane, Hercegovacko-neretvanska, Bosan-
sko-podrinjska Zupanija Gorazde i Zupanija Saraje-
vo (druga skupina) zabiljezile su znacajne promjene
u mjeri varijabilnosti u kojoj su, medutim, razli¢iti
parametri odigrali klju¢nu ulogu u tako visokim vri-
jednostima kvadratnoga koeficijenta varijacije. Preci-
zne vrijednosti, pak, upuéuju na klju¢nu ulogu koja je
odigrana 2012., godine prije sluzbenoga popisa sta-
novnistva i domacdinstava. U ovoj godini, stanovnici
vedinom iz Zupanije Sarajevo i Tuzlanske Zupanije
bili masovno odjavljeni iz lokalnih ustanova kako
bi se evidentirali u manjem BiH entitetu Republika
Srpska, prvi put nakon rata i poslijeratne obnove.
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