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Izvod

Danas je gotovo nemogucée zamisliti stiecanja novih znanja i istra-
Zivanja u geografiji te uspjesno i efikasno upravljanje prostornim resursi-
ma bez GIS-a. Mnogobrojni radovi u svjetskoj literaturi ukazuju na znace-
nje koje se u zadnjih tridesetak godina pridaje temi GIS-a u znanstvenom
istrazivanju i visokoskolskoj nastavi geografije. U clanku se, u okviru
temeljnih teorijskih postavki vezanih uz ulogu i znacenje GIS-a i drugih
novih informacijskih tehnologija u visokoskolskom obrazovanju geografa
u svijetu, definira dosegnuti trenutni nastavni i znanstveno-istrazivacki
okvir primjene GIS&T na Geografskom odsjeku PMF-a Sveucilista u Za-
grebu. U pogledu razvoja GIS-a na Geografskom odsjeku izdvojena su
dva temeljna razvojna aspekta: institucionalizacija GIS obrazovanja na
Geografskom odsjeku PMF-a (povecanje broja predmeta koji su vezani
uz GIS u obrazovanju geografa i ustroj smjera Geografski informacijski
sustavi u okviru diplomskog sveucilisnog studija geografije na Geograf-
skom odsjeku PMF-a) i jacanje primjene GIS-a u znanstveno-istrazivac-
kom radu. U skladu s navedenim prepoznata su karakteristicna razdoblja
razvoja nastavne i znanstvene komponente GIS-a na Geografskom odsje-
ku PMF-a.

Kljuéne rijeci: GIS, razvoj, Geografski odsjek, PMF, obrazovanje
geografa, tercijarno obrazovanje, SveuciliSte u Zagrebu

GIS U TEORIJSKO-METODOLOSKOM SUSTAVU
GEOGRAFIJE

Polazeéi od identifikacije geografije kao znanosti koja
svojim tehnikama i metodama rada, pristupom, razmatra-
njem, definiranjem i predvidanjem moze postaviti i objasniti
prostorne zakonitosti, organizaciju i logiku prostora (Sterc,
2015) odnosno polaze¢i od Cetiri temeljna geografska kon-
cepta (sl. 1) na kojima se temelji poucavanje i istrazivanje
u geografiji (prostorni identitet, prostorne organizacije i
procesi, odrzivost te prostorni obuhvat koji ima integrativni
karakter i sadrzan je u prethodna tri) (Nacionalni kurikulum
nastavnog predmeta geografija, prijedlog, 2016) otvara se
pitanje uloge i znaCenje Geografskih informacijskih sustava
u sklopu teorijsko-metodoloskog sklopa geografije.

Geografski informacijski sustavi omogucuju primjenu
metoda prostorne analize koje mogu pomoci u objasnjava-
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It is virtually impossible today to imagine acquiring new geography
knowledge, conducting research or successfully and efficiently managing
spatial resources without the use of GIS. Many global publications have out-
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the Geographic Information Systems study programme within the graduate
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velopment periods of GIS teaching and scientific components at the Depart-
ment of Geography, Faculty of Science have also been defined.
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GIS IN THE THEORETICAL AND METHODOLO-
GICAL SYSTEM OF GEOGRAPHY

Considering identification of geography as a science
whose techniques and methods, approach, considerations,
definitions and predictions may establish and explain spa-
tial laws, organisation and logic (Sterc, 2015) and consid-
ering the four basic geographic concepts (Fig. 1) that pro-
vide the foundations for geography teaching and research
(spatial identity, spatial organisation and processes, sus-
tainability, and spatial coverage, which has an integrative
character and is contained in the previous three concepts)
(Draft National Geography Curriculum, 2016) the question
arises as to the role and significance of GIS in the theory
and methodology of geography.

Geographic information systems enable us to use
spatial analysis methods that may help explain basic
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S1. 1: Koncepti u geografiji (izvor: Nacionalni kurikulum nastavnog predmeta geografija, prijedlog, 2016)

Fig. 1: Geographic concepts (source: Draft Geography National Curriculum, 2016)

nju temeljnih pitanja geografskih istrazivanja vezanih uz
regije (prostorni identitet), razumijevanja obrazaca prostor-
nog rasporeda, odnosa i procesa te modeliranja njihovog
buduceg razvoja. Pri tome temeljne metodoloske postavke
geografskih informacijskih sustava ne samo da su izravno
povezane ve¢ se moze reci da su sastavni dio metodoloskog
sklopa geografije odnosno dijela metoda koje u geografi-
ji imenujemo kao geografske ili prostorne metode analize:
primarno vezane uz geografski pristup i geografski predmet
interesa. Primarno to su: terenska metoda (anketiranje, in-
tervjuiranje, promatranje, mjerenje, brojenje...), metoda
tematskog kartiranja, cijeli metodoloski sustav GIS-a i pro-
storno modeliranje i predvidanje (Sterc, 2015). Geografske
(prostorne) metode su svojstvene primarno geografskom
pristupu i geografskom predmetu interesa jer su one neod-
vojivi dio geografskog identiteta. (Sterc, 2015). Te su me-
tode temeljene na osnovnim pocelima i problemima svakog
geografskog istrazivanja i temeljnim obiljezjima geograf-
skih podataka: Toblerovom prvom zakonu geografije! koji
je formaliziran kroz koncept prostorne korelacije (spatial
autocorrelation), uzorkovanju prostornih objekata i pojava,
problemu promjene pojave s udaljenos¢u (npr. izmedu pro-
stornih uzoraka), problemu njezinog mjerenja a povezano s
udaljeno$éu, problemu mjerila odnosno razine geografske
detaljnosti, problemu geovizualizacije, problemu fraktalne
dimenzije prostornih entiteta i dr. Svi ovi problemi uteme-
ljeni su u istrazivackoj potrebi da se stvarni svijet uopéi, ge-

' Blizi objekti u prostoru povezaniji su od udaljenijih odnosno imaju
sli¢nija obiljezja od udaljenijih “Everything is related to everything
else, but near things are more related than distant things.”

questions in geographic research related to regions
(spatial identity), and understand spatial arrangement,
relationship and process patterns and thus model their
future development. In this process, the basic method-
ological postulates of geographic information systems
are not only directly connected, but also form an in-
tegral part of the methodological framework of geog-
raphy, i.e. the geographic or spatial analysis methods.
They are primarily related to geographic approach and
geographic interests and include the following: field
method (surveys, interviews, observations, measure-
ments, counts...), thematic mapping method, the entire
GIS methodological system and spatial modelling and
predictions (Sterc, 2015). Geographical (spatial) meth-
ods are inherent primarily to the geographic approach
and interests because they are an inseparable part of
the geographic identity (Sterc, 2015). These methods
are based on the fundamental postulates and problems
of any geographic research and on the basic features of
geographic data: Tobler’s First Law of Geography!' that
is formalized through the concept of spatial autocor-
relation, sampling of spatial objects and entities, and
the issues of changes over distance (e.g. among spatial
samples), measurement related to distance, scale, i.e.
the level of geographic detail, geovisualization, fractal
dimensions of spatial entities, etc. All these problems
are rooted in the need of researchers to generalize the

! “Everything is related to everything else, but near things are more
related than distant things.”
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neralizira te da se apstrahiraju najbitniji elementi prostora u
sklopu predmetnog geografskog istrazivanja. U tom procesu
geografi pokusavaju dokuciti gdje, kako i zasto se prostorne
strukture, pojave i procesi pojavljuju u prostoru ovisno o pri-
rodnoj osnovi, razlicitim oblicima organizacijskih struktura
stvorenih da pridonose i odrzavaju materijalno bogatstvo
drustva te karakteru i ,,prirodi* mjesta (place) kreiranih unu-
tar tih struktura (Johnson, 2005).

Geografi su kroz razli¢ite znanstvene paradigme (em-
pirijsko-pozitivisticke, hermeneuticke, kriticisticke) poku-
Savali prezentirati rezultate svojih istrazivanja u cijelom
nizu pristupa. U skladu s razvojem razli¢itih paradigmi i
pristupa unutar geografije GIS se prvotno najcesce pove-
zivao s istrazivanjima koja su se temeljila na postavkama
empirizma i pozitivizma ($to je rezultat percepcije jake po-
vezanosti s tehnickim instrumentarijem odnosno aspektom
u istrazivanjima) dok se u novije vrijeme znatno povecao
broj istrazivanja u kojima se GIS primjenjuje unutar soci-
jalno aspektiranih teorija u geografiji (Johnson, 2005).

Moze se reéi da je GIS od usko specijalistickog naci-
na koriStenja danas uSao u razdoblje masovne primjene pri
¢emu je omoguceno nestru¢njacima putem korisnicki pristu-
pacnog softvera rjeSavanje prostorno uvjetovanih problema
(sl. 2). Sve se vise GIS funkcionalnost nastoji, koriste¢i web
i cloud tehnologiju, koncipirati kao poslovni model — model
softvera kao usluge (SaaS — Softver as a Service). O tome
svjedoci i primjer tvrtke ESRI koja softver ArcGIS-a pretva-
ra u oblik geoprostorne platforme (geospatial platform) koja
objedinjuje web i cloud tehnologiju: ArcGIS kao platforma
omogucava slobodne geoprostorne funkcije svakom kori-
sniku i omoguéava pristup bilo kojoj aplikaciji ili uredaju
bilogdje i bilokada (Dangermond, 2012).

real world and to abstract the most important elements
of space within the specific geographic study. In this
process, geographers aim to establish where, how and
why spatial structures, phenomena and processes occur
depending on their natural basis, on various forms of
organisational structures created to contribute to and
maintain the wealth of society, and on the character and
nature of places created within these structures (John-
son, 2005).

Geographers have tried to present the results of their
research through various scientific paradigms (empirical/
positivist, hermeneutic, criticist). In line with the develop-
ment of various paradigms and approaches within geogra-
phy, initially GIS was most often connected with research
based on empirical and positivist postulates (the result of
the perception of strong connections with technical instru-
ments, i.e. technical aspects of research), In recent years,
the number of research programmes where GIS is applied
within social theories in geography has significantly in-
creased (Johnson, 2005).

As GIS shifted from narrow specialist use to mass
use, non-experts were enabled to resolve spatial problems
with user-friendly software (Fig. 2). There are increasing
numbers of GIS functionalities using web and cloud tech-
nologies, in the form of a business model — Software as
a Service model (SaaS model). This can be illustrated by
the example of the company ESRI, which converts Ar-
cGIS software into a geospatial platform that combines
web and cloud technologies: ArcGIS as a platform allows
each user to use geospatial functions and enables access
to any application or device anywhere and anytime (Dan-
germond, 2012).

A Geospatial Platform /_/-'/
= C)o’
Enterprise GIS | § q?
Software Tools and
Products QQ"
DY
// / )
Project Work o
P .-’/. -~ quoe
= 40808 =

1970s

| 1989 |

Sl1. 2: Evolucija ArcGIS-a u platformu ESRI (izvor: Esri News, 2012-2013)
Fig. 2: The evolution of ArcGIS as a platform (source: ESRI News, 2012.2013)
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Prema tome, u suvremenom razvoju GIS-a kroz pa-
radigmu ,,usluzno orijentirane arhitekture/service-oriented
architecture (SOA) mogu se ocekivati dva izazova: pojed-
nostavljivanje koristenja i uc¢enja funkcija unutar GIS-a —
samih naredbi (pojednostavljivanje funkcionalnosti GIS-a)
i izazov stvaranja standardizirane terminologije tih usluga
jer SOA se pojavljuje kao nova paradigma u racunalstvu u
kojoj se zahtijeva medusobno povezivanje on-line usluga,
viSe nego operacija na desktopu (Goodchild, 2011).

Nije potrebno posebno naglasavati znacenje GIS-a
kao opée vrijednost koja omogucava stjecanje temeljnih
kompetencija potrebnih danas u drustvu temeljenom na
informacijskim i komunikacijskim tehnologijama (80%
informacijskih potreba lokalnih vlasti i kreatora politike
vezano je uz lokaciju u prostoru) (Biggs i Garson, 1992;
Franklin i Hane, 1992) te znacenje GIS-a u kreiranju novih
znanja o prostoru, posebice putem stvaranja, iz postojecih,
kvalitativno nove prostorne informacije Sto afirmira njego-
vu ulogu u procesu ucenja, upravljanju i efikasnom kori-
Stenju prostora kao ograni¢enog resursa od lokalne do glo-
balne razine. Moze se reé¢i da su geografski informacijski
sustavi postali ,,Conditio sine qua non‘ uspjesnog uprav-
ljanja prostorom. Tako trziSna istrazivanja i istraZivanja
unutar industrije naglasavaju da stjecanje GIS kompetenci-
ja postaje nuzno za rad u cjelokupnom gospodarstvenom i
poslovnom okruzenju (Sinton, 2012).

Pored ve¢ spomenute uloge u procesu ucenja u
mnogim radovima isti¢u se najvaznije temeljne vri-
jednosti GIS-a koje su u daljnjem tekstu razmotrene i
sagledane u kontekstu razvoja GIS-a na Geografskom
odsjeku PMF-a.

ULOGA GIS-A U POUCAVANJU I
GEOGRAFSKOM ISTRAZIVANJU

Na prvom mjestu isti¢e se da GIS potice razvoj pro-
stornog misljenja. Tako Goodchild (2006) istice da je pro-
storno misljenje potrebno ukljuciti kao cetvrti R u dosa-
dasnji pojam 3R-a za temeljne vjestine (Reading, wRiting,
aRithmetics) koje se stjecu tijekom obrazovnog procesa
zbog njegovog znacenja u suvremenom drustvu u kojem
se mnostvo razli¢itih tipova prostornih informacija umno-
zava zahvaljujuéi novim ICT tehnologijama. Razvijanje
sposobnosti kritickog prostornog misljenja u geografiji jest
vrlo vazno jer pomaze studentima da postanu svjesni vaz-
nosti pristupa i davanju znacenja geoinformaciji (Gryl i dr.,
2010) kako bi se razumjela kompleksnost mnogih prostor-
nih problema s kojima se suocava svijet danasnjice (Bear-
man i dr., 2016) jer geografija je znanost koja naglasava
medupovezanost prostornih pojava i procesa i prostorne
razine njihova promatranja (Hardwick i Holtgrieve, 1996).
Takva medupovezanost jednako je relevantna za GIS kao i

Consequently, two challenges can be expected in the
contemporary development of GIS through the service-
oriented architecture (SOA) paradigm: simplification of use
and learning of GIS functions, i.e. commands (simplification
of GIS functionality), and creation of standard terminology
for these services, as the service-oriented architecture (SOA)
emerges as a new paradigm of computing, in which tasks are
performed by chaining together online services rather than
by desktop operations (Goodchild, 2011). There is no need
to emphasize the importance of GIS as a general value that
enables the acquisition of basic competencies required in
an information and communication technologies based so-
ciety (80% of information requirements of local authorities
and policy makers is related to spatial location) (Biggs and
Garson, 1992; Franklin and Hane, 1992), or to emphasise
its importance in the creation of the new knowledge about
space, in particular in using existing spatial data to create
new qualitative spatial information, which affirms its role in
the learning process, and in the management and efficient
use of space as a limited resource from local to global lev-
els. It can be said that geographic information systems have
become the Conditio sine qua non of successful space man-
agement. Therefore, market and industry research emphasise
that the acquisition of GIS competencies has become neces-
sary for work in the overall economic and business environ-
ment (Sinton, 2012).

In addition to its role in the learning process, many pa-
pers outline the most important fundamental values of GIS,
which are discussed and analysed below in the context of
GIS development at the Department of Geography of the
Faculty of Science.

THE ROLE OF GIS IN TEACHING
GEOGRAPHY AND RESEARCH

Firstly, it should be emphasised that GIS fosters the
development of spatial thinking. In this context, Good-
child (2006) notes that spatial thinking should be added
as the fourth R to the current three Rs (Reading, wRit-
ing, aRithmetic), i.e. the skills acquired throughout edu-
cation, due to its importance in contemporary society
where a myriad of different types of spatial information
is multiplied thanks to new ICT technologies. The devel-
opment of critical spatial thinking in geography is very
important because it helps students to become aware of
the importance of the approach and the meaning imparted
to geoinformation (Gryl et al., 2010) to be able to un-
derstand the complexity of problems the world is facing
today (Bearman et al., 2016). This is because geography
is a science that emphasises the interconnections between
spatial phenomena and processes on the one hand, and the
spatial level of their observation on the other (Hardwick



Acta Geogr. Croatica, vol. 41/42 (2014/2015), 1-17, 2018

A. Toski¢:

Development of GIS at the Department of Geography, Faculty of Science, University of Zagreb

za geografiju, posebice kada se GIS promatra u svjetlu kon-
cepta razvoja digitalne Zemlje (digital Earth; Goodchild,
2008) i razvoja kvantitativne geografije (Longley, 2000).
Pored toga GIS moze integrirati razliCite razine promatra-
nja svojstvene prostornim pojavama, procesima i zna¢enji-
ma (Bearman i dr., 2016).

Nacionalno istrazivacko vijec¢e (National Research
Council) u SAD-u u knjizi ,,Learning to think spatially*
definira prostorno misljenje (NRC, 2006) kao skup ,,ko-
gnitivnih vjestina koje se koriste kako bi se u svakodnev-
nom privatnom i profesionalnom zivotu tako i u znanosti
strukturirali problemi, pronasli odgovori i rjeSenja uzima-
juéi u obzir posebnosti prostora. Moze ih se poucavati i
formalno nauciti koristiti odgovarajuce alate, tehnologije
i kurikulum®. U dokumentu se konstatira da se u formal-
nom kurikulumu opéeg obrazovanja, unato¢ tome $to se
radi o primarnom obliku inteligencije (Eliot, 1987; Gar-
dner, 1983), prostornom misljenju ne posveéuje dovolj-
na paznja. Upravo na ovom tragu u Hrvatskoj tek valja
osmisliti kako GIS iskoristiti, ne samo kao tehnologiju
ve¢ 1 kao pomo¢ u usvajanju teorijskih osnova potrebnih
za razumijevanje prostornih problema. Tako neki autori
(Bearman i dr., 2016) isti¢u da se u modulima u kojima se
uci GIS vise vremena pridaje razvoju tehnickih vjestina
povezanih sa koristenjem GIS softvera nego li razumije-
vanju temeljnih teorijskih principa funkcioniranja i mo-
deliranja prostora u GIS-u koji su sastavni dio podrucja
geoinformatike (GISc). Autori isto tako zakljucuju da je
GIS usao u novu fazu tehnoloskog razvoja koja nam omo-
gucuje da se odmaknemo od striktno tehni¢kog pogleda
na GIS (ograniCenja Sto softver moze) i nastavimo s ra-
zvijanjem aspekta kritickog prostornog razmisljanja svoj-
stvenog geografiji u okviru koji nam omogucuje GIS (Be-
arman i dr., 2016). Medutim, nedovoljno je empirijskih
istrazivanja koja bi potvrdila ulogu GIS-a u razvoju pro-
stornog na¢ina misljenja i potrebna su daljnja istrazivanja
odnosa izmedu komponenti GIS kurikuluma i elemenata
prostornog misljenja (Wakabayashi i Ishikawa, 2011).

Bez GIS-a ne bi bilo mogucée prikupljanje velikih ko-
licina informacija o promatranim dogadajima, ne bi bila
moguca izgradnja i testiranje teorijskih postavki o geo-
grafskom razmjestaju i procesima, mnogi bi geoznanstveni
problemi ostali nerazumljivi i nedovoljno objasnjeni (Ma-
guire, 2008).

Pored toga, poznato je iz svjetske literature da su upra-
vo ucitelji GIS-a u visokoskolskom obrazovanju prigrlili
koncept aktivnog ucenja (Drennon, 2005; Carlson, 2007)
kao okvir za mnogobrojne medusobno povezane tehnike
(problemski i istrazivacki utemeljeno ucenje, ucenje otkri-
vanjem, empirijsko ucenje) utemeljene u konstruktivistic-
kom pristupu uc¢enju (Foote i dr., 2012).

Prema tome, naglasak je na razumijevanju geograf-
skih koncepata koristenjem GIS-a, aktivnom i u nekoj mje-

and Holtgrieve, 1996). Such interconnection is equally
relevant for both GIS and geography, in particular when
GIS is analysed in light of the digital Earth development
concept (digital Earth; Goodchild, 2008) and the devel-
opment of quantitative geography (Longley, 2000). Ad-
ditionally, GIS may include various levels of observation
inherent to spatial phenomena, processes and meanings
(Bearman et al., 2016).

In the book Learning to Think Spatially, the U.S.
National Research Council defines spatial thinking as “a
cognitive skill that can be used in everyday life, the work-
place, and science to structure problems, find answers,
and express solutions using the properties of space. It can
be learned and taught formally to students using appropri-
ately designed tools, technologies, and curricula” (NRC,
2006). The report documented the lack of attention to spa-
tial thinking in formal curricula, despite assertions that it
is a primary form of intelligence (Eliot, 1987; Gardner,
1983). This is exactly the way for Croatia to define how to
use GIS, not only as a technology, but also as an aid in the
acquisition of the theoretical foundation required in order
to understand spatial problems. Therefore, some authors
(Bearman et al., 2016) emphasise that as far as GIS mod-
ules are concerned, more time is dedicated to the devel-
opment of technical skills relating to the use of GIS soft-
ware than to the development of fundamental theoretical
principles of spatial functioning and modelling that are
integral parts of geoinformatics (GISc). The authors also
emphasised that GIS has reached a new phase in its tech-
nological development, enabling us to move from consid-
ering GIS from a purely technical point of view (i.e. from
being limited by what GIS software can do) to further de-
veloping critical spatial thinking inherent to geography
within the framework provided by GIS (Bearman et al.,
2016). However, empirical research that would confirm
the role of GIS in the development of spatial thinking is
insufficient, and therefore further research of the relation-
ship between the components of the GIS curriculum and
spatial thinking elements is required (Wakabayashi and
Ishikawa, 2011).

Without GIS, it would be impossible to collect such a
large amount of information about observed events or de-
sign and put forth hypotheses on geographic distribution
and processes. Furthermore, many geoscientific problems
would have remained incomprehensible and insufficiently
elucidated (Maguire, 2008).

Moreover, the global literature shows that GIS teach-
ers in higher education institutions who those most will-
ing to embrace active learning (Drennon, 2005; Carlson,
2007) as a framework for a range of interrelated techniques
(problem-based learning, inquiry-based learning, discov-
ery learning, empirical learning) all rooted in the construc-
tivist learning theory (Foote et al., 2012).
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ri samostalnom otkrivanju prostornih zakonitosti i svojsta-
va promatranih objekata. U takvom procesu obrazovanja,
ucenje otkrivanjem postaje jedna od ¢escée koriStenih stra-
tegija. Za strategiju ucenja otkrivanjem karakteristicno je
da se radi o iskustvenom ucenju, pri ¢emu se to iskustvo
stjece ili u stvarnosti ili u zamisljenoj stvarnosti. Obi¢no
govorimo o tri metode ucenja otkrivanjem: o istrazivanju, o
simulaciji i o projektnoj metodi (Varosanec, 2006).

Istrazivanjem studenti proucavaju stvarnu situaciju
(npr. terenskim radom i sl.), ali u velikom broju slucaje-
va to nije moguce te simulacijski GIS modeli mogu biti
odgovarajuc¢a zamjena ili mogu pomo¢i u usmjeravanju i
intenzifikaciji terenskog rada. Istrazivanjem i GIS mode-
liranjem studenti istrazuju i rjeSavaju probleme pokusa-
vajuci otkriti geografske zakonitosti i strukturna obiljezja
prostora koje dotada nisu poznavali. Tako Wanner i Kerski
(1999) otkrivaju potencijal GIS-a u usvajanju istrazivackih
vjestina studenata kao i u analizi 1 prikazivanju geografskih
podataka, a Pottle (2001) definira GIS kao koristan alat za
ucenje i motiviranje studenata u procesu stjecanja vaznih
vjestina i znanja iz geografskog kurikuluma.

Studentsko istrazivanje ima iste korake kao i znan-
stveno istrazivanje, a to su (Bognar i Matijevi¢, 2005, pre-
ma Varosanec 2006; Cindri¢ i dr., 2016):

e uocavanje i definiranje problema

e odredivanje plana i metoda istrazivanja

»  prikupljanje podataka, postavljanje pretpostavke (hipo-
teze)

*  analiziranje podataka, opovrgavanje ili potvrdivanje
hipoteza

Ovakav slijed postupaka uvodi studente u samostalni
znanstveno-istrazivacki rad. Zbog toga nije nimalo ¢udno
Sto aktivno ucenje i GIS&T idu ruku pod ruku i djeluju si-
nergijski. (Schultz, 2012). No, ponekad ukljuc¢ivanje GIS-a
u geografsko obrazovanje moze biti i neuspjeli pokusaj kao
Sto je to bio slucaj u Turskoj gdje se pokazalo da ,,vecina
nastavnika zna §to je GIS, ali nema dovoljno znanja o tome
kako uciti geografiju pomoc¢u GIS-a* (Incekara, 2012).

GIS I PRIMIJENJENA GEOGRAFIJA
- JACANJE ZNACENJA GEOGRAFIJE
(APLIKATIVNA KOMPONENTA)

Na primijenjenu geografiju ne treba gledati kao na
jednu od geografskih subdisciplina (kao $to su ekonomska,
socijalna ili historijska geografija) ve¢ kao na pristup koji
nadilazi umjetne granice pojedinih disciplina i kojeg obi-
ljezava problemsko orijentirani istrazivacki rad i u drustve-
noj i u fizickoj geografiji (Pacione, 2004). 1z perspektive
primjenjene geografije najvazniji je problem koji motivi-

Consequently, the emphasis is placed on the under-
standing of geographic concepts with the help of GIS, and
on the active and, to some extent, independent discovery
of spatial laws and features of the observed objects. In
such an educational process, discovery learning becomes
a frequently used strategy. This strategy is characterised
by learning through experience, whereby this experience
is acquired either in reality or in contrived reality. There
are usually three methods of discovery learning: research,
simulations and the project method (Varosanec, 2006).

Through research, students explore an actual situation
(e.g. through field work, etc.), though in many cases this is
not possible and GIS simulation models can be an appropri-
ate substitute, or they can facilitate in directing and inten-
sifying fieldwork. By conducting research and GIS model-
ling, students explore and solve problems, trying to discover
geographic laws and structural features of a space previously
unknown to them. Wanner and Kerski (1999) discovered
that GIS had the potential to accelerate geographical inquiry
skills in students, as well as their skills to analyse and display
geographic data, while Pottle (2001) defined GIS as a tool
for learning and motivating students as they learn important
skills and knowledge from geography curriculum.

Student research includes the same steps as any sci-
entific research, namely (Bognar and Matijevi¢, 2005, ac-
cording to Varosanec 2006; Cindri¢ et al., 2016):

e detecting and defining a problem

e designing the plan and research methods

*  collecting data, setting the hypothesis

*  analysing data, rejecting or confirming a hypothesis

This sequence of procedures introduces students to
independent scientific research. It is therefore no wonder
that active learning and GIS&T go hand in hand and act
in synergy (Schultz, 2012). However, the inclusion of GIS
in geography education may occasionally be unsuccessful,
as was the case in Turkey where it was shown “that most
of them know what GIS is, but they lack the knowledge of
how to teach geography with GIS” (Incekara, 2012).

GIS AND APPLIED GEOGRAPHY
— RAISING THE IMPORTANCE OF GEOGRAPHY

Rather than being considered as a sub-discipline of ge-
ography (akin to economic, social or historical geography),
applied geography refers to an approach that crosscuts ar-
tificial disciplinary boundaries to involve problem-oriented
research in both social and physical geography (Pacione,
2004). The problem, i.e. the motive for the research, is the
most important element from the perspective of applied ge-
ography. In this aspect, GIS is an excellent guide on how to
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ra istrazivanje: u tom smislu GIS je sjajan putokaz kako
rjesavati primijenjene geografske probleme (Gettis, 2004).
GIS rjesava stari problem kombiniranja opéeg znanstvenog
znanja sa specifi¢cnim informacijama i daje im prakti¢nu
vrijednost (Longley i dr., 2015). O tome govore sve broj-
niji diplomski studijski programi u svijet u ¢ijem nazivu su
povezani primjenjena geografija i GIS.

Doista, Sira relevantnost geografije kao discipline
moze se odrzati samo kroz prizmu korisnosti za istraziva-
nje i razumijevanje svijeta oko nas pri ¢emu je potrebno
raspolagati odredenim znanjima o problemu u kojem se
primjenjuje GIS i razumijeti analiti¢ke postupke prilikom
njegovog rjeSavanja kako bismo znali koja pitanja postavi-
ti, koje varijable koristiti i kako bismo izbjegli besmislene
postupke i odgovore (Longley i dr., 2015).

HIPOTEZE I METODOLOGIJA ISTRAZIVANJA

Na temelju konzultacije relevantne literature namecu
se temeljne hipoteze ovog rada povezane s razvojem pri-
mjene GIS-a na Geografskom odsjeku PMF-a Sveucilista
u Zagrebu.

1. Ograniceno individualno koristenje GIS-a bez znacaj-
nije nastavne komponente nije znacajnije utjecalo na
znanstvenu i struénu produkciju Geografskog odsjeka

2. Uvodenje novog diplomskog sveuciliSnog studija i
GIS smjera na njemu znatno je uvecalo znanstvenu
produkciju radova vezanih uz GIS.

3. Struktura preddiplomskog i diplomskih studija
na Geografskom odsjeku postavljena je u skladu s
konceptom stupnjevitosti: prvotno uéenje GIS teh-
nologije kasnije otvara brojne moguénosti ucenja o
geografskim pojavama, strukturama i procesima po-
mocu GIS-a.

4. Aplikativna komponenta GIS-a tek pocinje jacati
kroz znanstvene i struéne projekte Geografskog od-
sjeka.

Podaci za analizu znacenja primjene GIS-a u geograf-
skom obrazovanju prvenstveno su prikupljeni iz postoje¢ih
publikacija PMF-a (Red predavanja za odredene akadem-
ske godine), elaborata studijskih programa i repozitorija
diplomskih radova studenata pri SrediSnjoj geografskoj
knjiznici na Geografskom odsjeku PMF-a (Izvori 1-3).
Buduc¢i da su uocene odredene pogreske u pojedinim izda-
njima Reda predavanja podaci o predmetima i nastavnici-
ma koji su izvodili nastavu korigirani su prema podacima
prikupljenima naknadno iz referade Geografskog odsjeka.
Prilikom prikupljanja podataka iz repozitorija na temelju
dokumentacijskih kartica (naziv i kljucne rijeci) ustanov-
ljeno je da odredeni dio radova studenata u kojima je pri-

resolve geographic problems (Gettis, 2004). GIS resolves
the ancient problem of combining general scientific knowl-
edge with specific information and gives practical value to
both (Longley et al, 2015). This is confirmed by the in-
creasing number of graduate study programmes worldwide
whose titles combine applied geography and GIS.

Indeed, the broader relevance of geography as a dis-
cipline can only be sustained in relation to its usefulness
for research and understanding the world around us. In
this process, we should have certain knowledge about the
problem to which GIS is applied and we should understand
the analytical procedures in the problem-solving process to
know which questions to ask, which variables to use and
how to avoid meaningless procedures and answers (Long-
ley et al., 2015).

RESEARCH HYPOTHESES AND METHODOLOGY

The relevant literature was consulted to form the basic
hypotheses of this study work connected with the develop-
ment of GIS use at the Department of Geography, Faculty
of Science, University of Zagreb:

1. Limited individual use of GIS without any consider-
able teaching component has not significantly impact-
ed the scientific and expert production at the depart-
ment

2. Introduction of the new graduate study programme
and GIS study programme has significantly increased
the scientific production of GIS-related papers.

3. The structure of undergraduate and graduate studies
at the department complies with the concept of stages:
initial learning of GIS technology later opens a num-
ber of learning options related to geographical phe-
nomena, structures and processes supported by GIS.

4. The GIS application component only becomes
strengthened through scientific and expert projects of
the department.

The data for the analysis of importance of GIS in ge-
ography education was primarily collected from the existing
publications of the Faculty of Science (Schedule of lectures
for specific academic years), study programmes and reposi-
tories of Master’s theses kept by the Central Geographical
Library at the Geography Department, Faculty of Science
(Sources 1-3). Since some mistakes were observed in certain
editions of the Schedule of lectures, and the data on subjects
and teachers were corrected in accordance with the subse-
quently collected data from the student administration ser-
vice of the Department of Geography. During the collection
of data from repositories using documentation cards (title
and key words), it was found that some student papers where
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mijenjen GIS ostaje izvan dosega pretrage. Stoga je izvr-
Sen uvid u sadrzajni dio radova kako bi se pretrazivanjem
izdvojili svi potrebni radovi (najvecim dijelom naknadno
su pridruzeni radovi novijeg datuma). Naime, rije¢ je o
tome da su GIS metode postale sastavni dio svakog geo-
grafskog istrazivanja te studenti nisu smatrali potrebnim
GIS naznaciti u kljuénim rije¢ima rada. Valja naglasiti da
su u ovom radu u odabiru diplomskih radova u kojima je
primijenjen GIS prvenstveno uzimani u obzir oni radovi u
kojima je primijenjena jedna od metoda prostorne analize,
tj. gdje je doslo do stvaranja nove vrijednosti geoinforma-
cija (preradbom je dobivena nova informacijska vrijednost
ulaznih podataka). Tako u selekciju GIS radova studenata
nisu usli oni radovi u kojima je GIS koristen samo kao vi-
zualizacijska podrska glavnoj temi diplomskog rada. Ovaj
konstriktivni pristup u odabiru GIS radova primijenjen je i
kasnije na doktorskim radovima (Izvor 4) i na znanstvenoj
produkciji djelatnika Geografskog odsjeka.

Podaci o znanstvenoj produkciji djelatnika Geograf-
skog odsjeka prikupljeni su iz CROSBI bibliografske baze
(Izvor 5), no u slucajevima gdje nije bilo moguce detekti-
rati jesu li u radu primijenjene GIS metode analize podaci
su individualno prikupljeni od samih djelatnika ili putem
uvida u cjelokupni objavljeni rad. Dakle, prilikom kvalita-
tivnog istrazivanja primijenjena je metoda analize sadrzaja
(Cohenidr., 2018) ocjenskih i znanstvenih radova studena-
ta i djelatnika Geografskog odsjeka.

RAZVOJ GIS-A
NA GEOGRAFSKOM ODSJEKU PMF-a

NASTAVNA KOMPONENTA

Pionirsko razdoblje razvoja GIS-a na Geografskom
odsjeku obiljezava prvenstveno primjena GIS-a u znan-
stveno-istrazivackom radu znanstvenih novaka pocetkom
1990-ih (sl. 3). Tada Geografski odsjek pribavlja jedno ra-
cunalo, digitalizatorsku plocu i GIS softver, §to omoguca-
va, zahvaljujuéi entuzijazmu mladih asistenata, prve kora-
ke u nastavi GIS-a na naSim visokoskolskim institucijama:
pocinje se izvoditi prakti¢na nastava iz GIS-a za studente
geografije u obliku seminara. Temeljni znanstveni interes
bio je vezan uz moguénosti primjene GIS-a u analizama
prostornih sustava i njihovih temeljnih dijelova: prometne,
urbane, rije¢ne mreze. Zbog ogranicenih resursa (hardver,
softver, kadrovi) primjena GIS-a nije imala obiljezja su-
stavnog povezivanja znanstvenog i nastavnog segmenta
djelovanja GO ve¢ je bila usmjeravana poglavito na poje-
dini istrazivackih interes ograni¢enog broja djelatnika Od-
sjeka. Nastava koja se odrzavala na jednom od ukupno dva
racunala na Geografskom odsjeku trazila je izuzetni na-
stavni angazman izvodaca te nije bilo moguce trajnije odr-
zati takav oblik nastave. Zbog takvih, krajnje nepovoljnih

GIS was applied were not covered by this search. Therefore,
we inspected the content of these papers to ensure that our
search would encompass all the relevant papers (most sub-
sequently added papers were of a more recent date). In fact,
GIS methods have become an integral part of any geograph-
ic research and therefore students did not consider it neces-
sary to include GIS as one of the key words of their paper. It
should be emphasised that Master’s theses with GIS includ-
ed in this paper are primarily those where spatial analysis
methods were applied, i.e. where new value of geoinforma-
tion was created (processing yielded new information value
of incoming data). Therefore, the selection of student papers
did not include those papers where GIS was used only as
geovisualization support for the main topic of the Master’s
thesis. This restrictive approach to the selection of GIS pa-
pers was later applied to Doctoral dissertations (Source 4)
and to the scientific production of department staff.

Data on the scientific production of staff of the Depart-
ment of Geography were collected from the CROSBI bib-
liographic database (Source 5). However, in cases where it
was not possible to detect whether GIS analysis methods
were applied in certain papers, the data were collected in-
dividually from the employees or following an inspection
of integral published works. Therefore, the method applied
during qualitative research was the method of content anal-
ysis (Cohen et al., 2018) of review and scientific papers of
department students and staff.

DEVELOPMENT OF GIS AT THE DEPARTMENT
OF GEOGRAPHY, FACULTY OF SCIENCE

TEACHING COMPONENT

The pioneer period of GIS development at the Depart-
ment of Geography is marked primarily by the use of GIS
in scientific-research papers of junior researchers in the
early 1990s (Fig. 3). At that time, the department procured
a computer, digitizer panel and GIS software, which thanks
to the enthusiasm of junior assistants, enabled the first steps
in teaching GIS at a higher education institutions, offering
geography students practical GIS training through semi-
nars. The basic scientific interests were related to the pos-
sibilities of using GIS to analyse spatial systems and their
basic components: road, urban and inland waterway net-
works. Due to the limited resources (hardware, software,
human resources), the use of GIS was not accompanied
with the creation of systematic links between scientific and
teaching components in the department, but was instead
mainly oriented on individual research interests of a lim-
ited number of department staff. The classes held on one of
the two departmental computers required exceptional en-
gagement and it was not possible to hold such classes for a
longer period. Due to these unfavourable circumstances, it
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S1. 3: Karakteristicne etape razvoja GIS-a na Geografskom odsjeku

Fig. 3: Characteristic periods of GIS development at the Department of Geography

uvjeta, nije bilo viSe moguce izvoditi nastavu iz GIS-a te
je uslijedilo nekoliko godina u kojima se GIS primjenjuje
samo u znanstvenim istraZivanjima (razdoblje stagnacije).
Doduse, poc¢etkom 2000-ih uvodi se jednosemestral-
ni kolegij GIS na nastavnickom smjeru profesor geografi-
je koji izvode kolege sa Geodetskog fakulteta Sveucilista
u Zagrebu. Jednosemestralni kolegij predstavljao je tek
stjecanje temeljnih kompetencija za rad sa prostornim in-
formacijama u GIS-u koje su bile povezane prvenstveno
s osnovnim kartografsko-geoinformatickim kompetencija-
ma, najviSe u domeni vizualizacijskih mogucnosti GIS-a
s tek rudimentarno prisutnim metodama prostorne analize
(u smislu preradbe i stvaranja nove informacijske kvalitete
prostornih podataka). Glavno obiljezje ove etape razvoja
jest usvajanje tehnologije per se (bez ulaZenja u teorijsko-
metodoloski sklop geoinformatike i geografije).

Tek od 2005. godine poglavito zahvaljujuéi surad-
nji s Geoinformatickom jedinicom Geografskog odsjeka
Sveucilista u Potsdamu (posebice profesorom Hartmutom
Ascheom i njegovim suradnicima) pokrenuta je sustavnija
izobrazba djelatnika GO iz podrué¢ja GIS-a i vizualizacije.
Kroz rad na zajednickom projektu izrade web utemeljenog
atlasnog informacijskog sustava (Demographic Atlas of
Croatia, DACIS) u obliku nekoliko radionica osposoblja-
vaju se nasi djelatnici i studenti u Potsdamu i Zagrebu. Ta-
koder, ostvaren je niz boravaka nasih studenata i asistenata
u Potsdamu putem Erasmus projekta i sredstava zagrebac-
kog Sveucilista za medunarodnu suradnju. Zahvaljujuci
pocetnom odsjeckom financiranju projekta postavljeni su
temelji (izgradnja baze podataka i idejno rjeSenje Web atla-
sa) i objavljeno je nekoliko zajednickih znanstvenih radova

was no longer possible to hold GIS classes and for several
years, GIS was used in scientific research only (stagnation
period).

However, in the early 2000s, a one-semester GIS
course was introduced at the department and taught by col-
leagues from the Faculty of Geodesy, University of Zagreb.
This one-semester course covered only the basic compe-
tencies required for working with spatial information in
GIS. These competencies were primarily connected with
basic cartography and geoinformatics, mostly in the area
of visualisation capabilities of GIS, using basic methods of
spatial analysis (in terms of processing and creating new
information quality of spatial data). The main feature of
this development phase was the adoption of technology
(without analysing the theoretical and methodological as-
pect of geoinformatics and geography).

It has only been since 2005, thanks mainly to coop-
eration with the Geoinformation Unit of the Department of
Geography, University of Potsdam (in particular Professor
Hartmut Asche and his associates), that more systematic
GIS and visualisation training of staff of the department
started. Through the joint project to build a web-based
atlas information system (Demographic Atlas of Croatia,
DACIS) carried out via several workshops, both teach-
ers and students received training in Potsdam and Zagreb.
Also, students and staff did training and received valuable
experience in Potsdam via an Erasmus project and using
the funds of the Zagreb University earmarked for interna-
tional cooperation. Thanks to the project initially financed
by the department itself (building the database and concept
of the web atlas), several joint papers were published on
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na tu temu, no projekt nije zavrSen zbog nedostatka finan-
cijskih sredstava. Medutim, znanja i vjestine steCene u toj
suradnji u velikoj su mjeri pomogle u stvaranju koncepci-
je buduéih predmeta (posebno Geoinformatike, Analiza u
GIS-u i Vizualizacije prostornih podataka u GIS-u) te olak-
Sale izvodenje nastave na novom GIS smjeru te opcenito u
okviru naseg preddiplomskog i drugih diplomskih studija.

Ustrojavanjem novih studijskih programa na Geo-
grafskom odsjeku (2005.), poglavito preddiplomskog istra-
zivackog studija geografije te diplomskog istrazivackog
studija geografije pocinje razdoblje intenzivnog razvoja
kako obrazovne (GIS smjer na diplomskom istrazivatkom
studiju geografije), a kasnije i istrazivacke i primjenjene
komponente GIS-a. O tome svjedoci Citav niz novih pred-
meta vezanih uz GIS kako na preddiplomskom studiju geo-
grafije (Geoinformatika, dvosemestralni predmet) i preddi-
plomskom studiju Znanosti o okoliSu (zajednicki studij
Bioloskog, Geografskog i Geoloskog odsjeka PMF-a, jed-
nosemestralni predmet Kartografske osnove GIS-a) tako i
na diplomskom istrazivackom studiju geografije (Analize u
GIS-u, Vizualizacija prostornih podataka u GIS-u, Digital-
na analiza reljefa, GIS analiza kulturnog pejzaza, Primjena
GIS-a u analizi popisnih podataka, Daljinska istrazivanja,
Racunalne statisticke analize, Katastar nekretnina, Primje-
na racunala u nastavi geografije). Pored toga, uvedeni su
novi predmeti: GIS kao obvezni i Analize u GIS-u kao iz-
borni na studiju Znanosti o okoliSu. Takvo naglo povecanje
broja predmeta vezanih uz GIS rezultiralo je i povecanjem
broja i udjela diplomskih radova studenata u kojima je
tema GIS ili njegova primjena.

this topic, though the project was not completed due to the
lack of funds. However, the knowledge and skills acquired
as part of this cooperation greatly contributed to designing
the concept of future courses (in particular Geoinformatics,
Analysis in GIS and Visualisation of spatial data in GIS)
and facilitated teaching both in the new GIS study pro-
gramme and in general within the undergraduate and other
graduate study programmes.

The organisation of new study programmes at the
Department of Geography (2005), in particular the under-
graduate and graduate research study programmes in ge-
ography, marked the beginning of the period of intensive
development of both teaching (GIS courses in graduate
research geography) and later the research and application
components of GIS. This is confirmed by a number of new
GIS-related courses in the undergraduate study programme
(Geoinformatics, a two-semester subject), undergraduate
study of Environmental Sciences (joint study programme
of the Departments of Biology, Geography and Geology
of the Faculty of Science, a one-semester subject on the
Fundamentals of GIS Cartography) and graduate research
study of geography (GIS Analyses, Visualisation of Spa-
tial Data in GIS, Digital Terrain Analysis, GIS Analysis of
Cultural Landscape, GIS in Census Data Analysis, Remote
Sensing, Computer Statistic Analyses, Property Cadastre,
Use of Computers in Teaching Geography). Additionally,
new subjects were introduced: GIS as a compulsory course,
and GIS Analyses as an elective course as part of the En-
vironmental Sciences study programme. Such a sudden
increase in the number of GIS-related subjects resulted in
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Ukoliko kao pokazatelj razvoja GIS-a u nastavnoj
komponenti Odsjeka koristimo broj predmeta i diplomskih
radova vezanih uz GIS mozemo reci da je bolonjskim pro-
cesom kreiranjem novog GIS smjera i uvodenjem GIS-a
na preddiplomske i druge studije ostvarena svojevrsna ek-
spanzije GIS-a na Geografskom odsjeku PMF-a u nastavi,
a to je bilo popraceno i naglim povecanjem interesa stu-
denata za primjenom GIS-a i u svojim zavr$nim (diplom-
skim) radovima (sl. 4).

U prethodnom razdoblju, prije jacanja nastavne kom-
ponente GIS-a stupanj interesa studenata za GIS i njegovu
primjenu u okviru diplomskih radova bio dosta nizak, iako
su studenti tijekom nastave iz Kartografije bili u osnovnim
crtama upoznati sa osnovnim obiljezjima GIS-a.

Napredovanjem iz suradnickih u znanstveno-nastav-
na zvanja mladih kolega otvorena je moguénost, u okviru
novoakreditiranih studijskih programa (2016.), uvodenja
GIS-a i na nastavni¢ke smjerove te uvodenja novih pred-
meta povezanih s primjenom GIS-a na sve diplomske
smjerove na Odsjeku ili ukljucivanja GIS sadrzaja u vec¢
postojece predmete.

Ukoliko se pogledaju nastavni planovi i programi Ge-
ografskog odsjeka razvidno je da oni predstavljaju svoje-
vrsni odraz teorijskih postavki vezanih uz GIS tehnologiju
i dvojnost njezine primjene u obrazovanju: ucenje GIS-a
(teaching about) i ucenje pomocu GIS-a (teaching with)
(Sui, 1995) — koncept koji mozemo primijeniti i na osta-
le informacijske tehnologije u kojima se pedagoski fokus
moze usmjeriti prema unutra (uc¢enje same tehnologije) i
izvan (ucenje uz pomoc¢ tehnologije) (Tate, 2012) (sl. 5).

Education

Teaching
WITH GIS

an increased number and a higher ratio of Master’s theses
focusing on GIS or its implementation.

If we use the number of GIS-related courses and the
number of Master’s theses as indicators of GIS development
in teaching, it can be seen that the GIS courses created by
the Bologna process and the introduction of GIS into under-
graduate and other study programmes resulted in an expan-
sion of GIS teaching at the Department of Geography, which
was accompanied by a sudden increase of student interest in
using GIS in their final (Master’s) theses (Fig. 4).

In the previous period, prior to strengthening the GIS
teaching component, student interest in GIS and its ap-
plication within the scope of Master’s theses was low, al-
though students were acquainted with the basic features of
GIS through their classes in Cartography.

With the promotion of young colleagues from re-
searcher positions to scientific and teaching positions, the
possibility arose of introducing GIS to study programmes
within the scope of newly accredited study programmes
(2016), introducing new GIS-related subjects to all gradu-
ate study programmes at the department, and including
GIS-related content into existing courses.

Teaching plans and programmes of the Department of
Geography are evidently a reflection of the theoretical hy-
potheses related to GIS technology and duality of its use in
education: teaching about GIS and teaching with GIS (Sui,
1995) — as a concept that can be applied to other informa-
tion technologies in which the teaching focus is directed
inwards (teaching about technology) or outwards (teaching
with the aid of technology) (Tate, 2012) (Fig. 5).

Applications

Teaching
WITH GIS

ABOUTGIS /

r

Information

Teaching

ABOUT GIS l

*

Windereradiigte-strichl

Data

Training

Technical

S1. 5: U¢enje GIS-a i u¢enje pomocéu GIS-a (prema Sui, 1995, dopunjeno)
Fig. 5: Teaching about GIS and teaching with GIS (according to Sui, 1995, modified)
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Stovise, neki autori naglagavaju da svojevrsna kon-
vergencija GIS-a i1 srodnih tehnologija odnosno koncept
poznat u racunalnoj znanosti kao ,,ubicomp* (Ubiquitous
computing) — kompjutorizacija uvijek i svugdje — moze
dovesti do pojave tehnoloske nesvjesnosti u drustvu (Thrift,
2004). Kombinacija Mooreovog zakona, pojava neogeo-
grafije nadopunjena pojavom novih teorija i praksa ucenja
pomocu tehnologija zasigurno otvara Pandorinu kutiju u
smislu GIS&T obrazovanja (Tate, 2012). No, u pogledu
razvoja GIS-a na Geografskom odsjeku, a u skladu s na-
vedenim postavkama, jacanjem novih tehnologija u obra-
zovanju zasigurno ¢e se spustati ,,granica® izmedu ucenja
GIS-a kao tehnologije i u¢enja pomoc¢u GIS-a prema nizim
godinama na studiju (sl. 5). To mozemo ve¢ vidjeti u novim
studijskim programima na Geografskom odsjeku u kojima
je geoinformatika pomaknuta s tre¢e na drugu godinu stu-
dija, no to nije jo§ popraceno odgovarajuc¢im ,,spusStanjem*
bilo predmeta koji su tematski vezani uz primjenu GIS-a,
bilo sadrZaja koji se usvajaju uz pomo¢ GIS-a u postoje¢im
temeljnim predmetima.

ZNANSTVENA KOMPONENTA

U analizi znanstvene komponente razvoja GIS-a po-
kusat ¢e se utvrditi u kojoj se mjeri GIS primjenjuje u ge-
ografskim istrazivanjima. Kao temeljni pokazatelj bit ¢e
upotrijebljen broj doktorskih radova koji su obranjeni na
doktorskom studiju geografije na Geografskom odsjeku
PMF-a i broj znanstvenih radova djelatnika Geografskog
odsjeka u kojima je GIS utkan u metodoloski dio rada (da-
kle, kao jedna ili skup viSe metoda prostorne analize, a ne
samo kartografska vizualizacija) (sl. 6).

Furthermore, certain authors have emphasised that the
convergence of GIS and related technologies, i.e. a concept
known in the computer science as “ubicomp” (Ubiquitous
computing) — computing anytime and everywhere — may
lead to technological unawareness in society (Thrift, 2004).
The combination of Moore’s law, the emergence of neo-
geography supplemented with new learning theories and
technology-aided practices certainly opens a Pandora’s box
in terms of GIS&T education (Tate, 2012). However, as far
as the development of GIS at the Department of Geography
is concerned, the “gap” between teaching about GIS and
teaching with GIS will certainly be bridged by introducing
the latter to the first years of study, in line with these postu-
lates and thanks to the strengthening of new teaching tech-
nologies (Fig. 5). This can be seen in the new study pro-
grammes at the department, i.e. Geoinformatics has been
transferred from the third to the second year of study. Nev-
ertheless, this has not been accompanied with the transfer
of GIS-related courses or content in other courses taught
with the aid of GIS to lower years of study.

SCIENTIFIC COMPONENT

The analysis of the scientific component of GIS deve-
lopment aims to establish the extent to which GIS is used
in geographic research. The number of doctoral theses in
geography at the Department of Geography, Faculty of
Science, and the number of research papers by department
staff with GIS embedded in the methodology of the paper
(i.e. as a method or a group of spatial analysis methods,
and not just as map visualisation) were used as the basic
indicators (Fig. 6).
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S1. 6: Broj doktorskih radova na Geografskom odsjeku u kojima je primijenjen GIS (jedna ili viSe metoda prostorne analize)

Fig. 6: Number of PhD thesis at Department of Geography with applied GIS methods (one or more spatial analysis methods)
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S1. 7: Broj znanstvenih radova djelatnika Geografskog odsjeka u kojima je primjenjen GIS (metoda prostorne analize)

Fig. 7: Number of scientific papers of the teaching staff at the Department of Geography with applied GIS methods

Razvidno je da je broj doktorskih radova u kojima je
primijenjen GIS u samo sedam zadnjih godina (2010-17.)
vise nego dvostruko veéi od broja radova u dvadesetogo-
disnjem razdoblju koje mu je prethodilo (1990.-2010.).
Zanimljivo da u zadnjem razdoblju (2010-17.) gotovo da
nema doktorskog rada u kojem nije GIS iskoriSten u po-
gledu vizualizacije prostornih pojava i procesa. Oc¢ito da je
uvodenje GIS-a u nastavi na Geografskom odsjeku imalo
itekako odraza na znanstveno-istrazivacki rad koji je kana-
liziran kroz poslijediplomski doktorski studij.

Sljede¢a komponenta GIS-a na Geografskom odsjeku
vidljiva je iz znanstvene produkcije u obliku znanstvenih
radova u ¢asopisima (sl. 7).

Takoder je vidljiva izrazita podudarnost izmedu uvo-
denja samog GIS smjera na diplomskom studiju geografije
te uvodenja veceg broja predmeta vezanih uz GIS i znan-
stvene produkcije djelatnika Geografskog odsjeka. OCcito
da je angazman djelatnika u nastavi povezanoj s GIS-om
motivacijski djelovao i na znanstvenu produkciju djelatni-
ka Geografskog odsjeka. Broj radova u zadnjem sedmogo-
disnjem promatranom razdoblju veéi je gotovo Cetiri puta
od broja radova u kojima je GIS primijenjen u dvadeseto-
godisnjem razdoblju koje mu prethodi.

Analizom temeljnih pokazatelja vezanih uz razvoj
nastavne i znanstvene komponente GIS-a na Geografskom
odsjeku PMF-a potvrdene su prve dvije hipoteze. Naime,
ograniceno individualno koristenje GIS-a djelatnika Ge-
ografskog odsjeka bez opseznije implementacije GIS-a u
nastavnim programima na Odsjeku nije znacajnije utjecalo
na znanstvenu produkciju djelatnika i doktoranada. Pojavi-
lo se tek nekoliko doktorskih radova i na njima utemeljenih

It is clear that the number of PhD theses with applied
GIS methods has more than doubled over the last seven
years (2010-2017) in comparison with the preceding 20-
year period (1990-2010). It is interesting to note that there
was almost not a single PhD thesis in this last period (2010-
2017) that did not use GIS to visualise spatial phenomena
and processes. It is obvious that the introduction of GIS
into teaching at the Department of Geography greatly af-
fected the scientific research work channelled through
postgraduate doctoral studies.

The next GIS component at the Department of Geog-
raphy is visible from the scientific production, i.e. scientific
papers in various journals (Fig. 7).

A strong correlation between the introduction of GIS
into graduate studies of geography and an increasing num-
ber of GIS-related courses and scientific production of the
teaching staff at the Department of Geography is also vis-
ible. The engagement of the teaching staff in GIS-related
courses has also motivated scientific production. The num-
ber of papers in the last observed seven-year period was al-
most four-fold compared to the number of papers applying
GIS methods in the preceding 20-year period.

The analysis of basic indicators related to the develop-
ment of GIS teaching and scientific components at the De-
partment of Geography, Faculty of Science, has confirmed
the first two hypotheses. The limited individual use of GIS
by the department staff, without any comprehensive imple-
mentation of GIS in the department teaching programmes,
had no significant impact on the scientific production of
either the staff or PhD candidates. Only a few PhD theses
and the ensuing scientific papers were published contain-
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znanstvenih radova u kojima su primijenjene GIS metode
analize i to poglavito prometne i rije¢ne mreze te urbanog
sistema. Analiza broja doktorskih radova i znanstvenih ra-
dova djelatnika Geografskog odsjeka u kojima je primije-
njen GIS potvrdila je drugu hipotezu ovog rada da su novi
diplomski programi, a posebno, u okviru njih, GIS smjer
utjecali na izrazito povecanje znanstvene produkcije veza-
ne uz GIS. Analizom nastavnih planova i programa na Ge-
ografskom odsjeku potvrdena je i treca hipoteza o dvojno-
sti GIS-a u geografskom obrazovanju s tim da ucenje GIS-
a kao tehnologije prevladava na preddiplomskom studiju,
a na diplomskim studijima sve vise jaca koncepcija ucenja
pomocu GIS-a. Pored toga, popis tema diplomskih radova
pokazuje da u razdoblju novih diplomskih studija dolazi
do povecanja udjela istrazivacki i problemski orijentiranih
tema. Ocito su proSirene GIS kompetencije studenata Ge-
ografskog odsjeka omogucdile znacajniju primjenu GIS-a u
geografskom znanstveno-istrazivackom i stru¢nom radu.

Za Cetvrtu hipotezu mozemo rec¢i da je potvrdena, no
jacanje aplikativne komponente geografskih istrazivanja
koje zapo&eto u znanstvenim projektima MZOS-a u raz-
doblju (2007. -2011.) nastavilo se kroz realizirane znan-
stvene projekte (GIS atlas ruralnih podrucja Hrvatske kao
dio nedavno zavrSenog projekta financiranog sredstvima
Hrvatske zaklade za znanost), projekte edukacijske naravi
(educiranje nastavnika iz GIS-a, stvaranje novih kurikulu-
ma GIS-a za gimnazije i srednje strukovne Skole) 1 druge
struéne projekte koji se provode ili su zavrSeni (pretezito za
potrebe lokalne zajednice).

ZAKLJUCAK

Prate¢i sam rad studenata na odredenim predmetima
povezanim s GIS-om i na temelju rijetkih diskusija sa stu-
dentima na diplomskim studijima te u raspravama s nastav-
nicima na studijskim programima Odsjeka moze se zakljuciti
da je daljnji razvoj GIS-a na Geografskom odsjeku potrebno
usmjeriti prvenstveno na razvoj prostornog misljenja: naime
pokazalo se kroz nastavnu praksu da je studentima najlakse
ovladati tehnologijom, ali je daleko teze objediniti geograf-
ska znanja, usvojiti odredeni prostorni nacin misljenja i pri-
mijeniti ga u identifikaciji i rjeSavanju prostornih problema.
Razvoj prostornog misljenja uz pomo¢ GIS tehnologije zasi-
gurno ¢e pridonijeti jasnijem profiliranju identiteta geografi-
je i pridonijeti njezinoj aplikativnosti. Pored toga, potrebno
je unaprijediti ulogu GIS-a u geografskom poucavanju. Kva-
litativnim pregledom radova studenata i djelatnika Geograf-
skog odsjeka moze se utvrditi da je primjena GIS-a ne samo
povecala mogucnosti ve¢ i dosege znanstveno-istraZivackog
rada na Geografskom odsjeku.

Pored toga, daljnji razvoj GIS kompetencija stude-
nata geografije trebalo bi usmjeriti prema poboljSanju
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ing applied GIS methods of analysis, mainly from the field
of road and inland waterway network and urban systems.
The analysis of the number of PhD theses and scientific
papers of the department staff, where GIS was applied, has
confirmed the second hypothesis of this work, i.e. that new
graduate programmes, and in particular GIS related cours-
es, have influenced a marked increase in GIS-related sci-
entific production. The analysis of teaching plans and pro-
grammes at the Department of Geography has confirmed
the third hypothesis on the dual nature of GIS in geography
teaching, whereas teaching of GIS is predominant in under-
graduate studies and teaching with GIS in graduate studies.
Furthermore, the list of topics of Master’s theses shows an
increase in the ratio of research and problem-oriented top-
ics in the period of new graduate studies. The obviously
strengthened GIS-competencies of students at the Depart-
ment of Geography have enabled more significant use of
GIS in geographic science research and expert work.

We can say that the fourth hypothesis has been also
confirmed. However, the application component of geo-
graphic research started in research projects of the Ministry
of Science, Education and Sports in the period 2007 to 2011.
This then continued through science projects (GIS atlas or
rural areas of Croatia as part of a recently finished project
financed by the Croatian Science Foundation), educational
projects (GIS training of teachers, creation of new GIS cur-
ricula for secondary preparatory and vocational schools) and
other expert projects that are either underway of have been
completed (mainly for the needs of local communities).

CONCLUSIONS

By following the work of students in some GIS-
related courses and on the basis of rare discussions with
graduate students and teaching staff at the Department of
Geography, it can be concluded that the further develop-
ment of GIS at the department should primarily focus on
the development of spatial thinking. The teaching practice
has shown that students find it easiest to master technology,
but that it is far more difficult to compile knowledge, adopt
a certain way of spatial thinking and apply it to identifying
and solving spatial problems. The development of spatial
thinking with GIS technology will certainly contribute to
a clearer profiling of identity of geography and its applica-
tion. Additionally, the role of GIS in geography teaching
should be upgraded. A qualitative review of papers pub-
lished by the students and staff of the department confirms
that the use of GIS has not only increased the capabilities,
but also the scientific research achievements at the Depart-
ment of Geography.

Additionally, the further development of GIS compe-
tencies of geography students should be directed towards the
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matematicko-informatic¢kih temelja (matematika, progra-
miranje) i prosirenju kompetencija vezanih uz sinergiju
GIS-a i drugih informacijsko-komunikacijskih tehnologi-
ja. Uspostava novog samostalnog GIS studija otvorila bi
ne samo nove opcije u primjeni i unapredenju GIS me-
toda u geografskom znanstveno-istrazivackom radu, veé
bi otvorila nove moguénosti uvodenja novih predmeta,
prvenstveno povezanih s WebGIS tehnologijom, koji bi
znacajno nadopunili kompetencije nasih studenata i po-
boljsali njihovo pozicioniranje na trziStu rada. Medutim,
trenutni materijalni i prostorni resursi te ljudski potencija-
li Geografskog odsjeka predstavljaju znacajno ogranice-
nje uvodenju zasebnog GIS studija.

improvement of mathematical and information foundations
(mathematics, programming) and the expansion of compe-
tencies related to the synergy between GIS and other infor-
mation-communication technologies. The establishment of
a new independent GIS study programme would open not
only new options in the implementation and improvement of
GIS methods in geographic research, but also new possibili-
ties in the introduction of new courses, primarily related to
WebGIS technology, which would significantly broaden stu-
dent competencies and improve their position on the labour
market. However, the current material, spatial and human
resources of the Department of Geography pose significant
limitations to the introduction of separate GIS studies.
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