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1 Introduction

A map has been defined in many forms (Lapaine et al.
2021) since its emergence and its forms have been evolving
with the development of human civilization. As a naviga-
tion tool for hunters and gatherers from the very begin-
ning, it has been crucial for human spatial cognition,
thinking and understanding of the world throughout his-
tory and nowadays (Malczewski 2006). Cartography has
been developing rapidly with the industrial revolution and
information revolution, during which new forms of maps
and geographic information systems (GIS) have evolved
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Abstract. With the development of geospatial information science and technology and applications in numerous areas, car-
tography and geospatial information education is becoming increasingly more important in training graduates equipped with
new capacities. Cartography and geospatial information education are crucial to cartography and geospatial information sci-
ence, as a discipline and a profession. The contents have always gradually been changing, as well as corresponding effective
approaches to deliver sustainable and resilient education. In the new normal era of post COVID-19, summaries and reflec-
tions on the progress of available practices and theories can support better design of effective and quality education. In this
paper, the conference papers and abstracts on educational topics published in the last 10 International Cartography Confer-
ences are used to trace the path that educators in cartography and geospatial information have gone through. Bibliometric
analysis is conducted on educational topics, authors, and regions. A domain term knowledge map is drawn showing that the
number of publications on education in the International Cartography Conferences has been increasing. The geographic dis-
tribution of authors is very concentrated, with authors from European countries contributing about 50% of the publications
and those from the top ten countries contributing 60%. Works in many other regions are less reported. The research topics
are mainly focused on undergraduate and graduate education in geographic information systems, secondary education, edu-
cation atlas, learning theories, learning environmental design, online education, etc. Pedagogies and experience of distance
learning and online education in the last 20 years have been well applied. However best practices of online and distance edu-
cation are rarely reported to support effective new normal education in the context of COVID-19 pandemics.

Keywords: Cartography, geographic information science, education and training, online learning, bibliometrics

and facilitated novel applications in the digital economy.
Education is the cornerstone of the development of carto-
graphy and geographic information science, both as a dis-
cipline and a profession. With the development of
surveying and mapping, geography, computer science,
psychology and other related disciplines, cartography
education theories and methods have been undergoing
profound changes concerning both the contents and ways
of delivering. The COVID-19 pandemic over the last more
than two years has been shaping the way educators
transfer knowledge and experience conventionally in
schools. Online teaching and distance learning have had
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1. Uvod

(Lapaine et al. 2021), a njezini su oblici evoluirali s razvojem
ljudske civilizacije. Kao navigacijski alat za lovce i sakuplja-
e od samih je pocetaka bio klju¢an za ljudsku prostornu
spoznaju, razmisljanje i razumijevanje svijeta kroz povi-
jest i u danasnje doba (Malczewski 2006). Kartografija se
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SaZetak. S razvojem znanosti i tehnologije o geoprostornim informacijama i primjenama u brojnim podrugjima, obrazo-
vanje o kartografiji i geoprostornim informacijama postaje sve vaznije u osposobljavanju diplomanata opremljenih novim
sposobnostima. Obrazovanje za kartografiju i geoprostorne informacije kljucno je za kartografiju i geoprostornu informa-
cijsku znanost kao disciplinu i profesiju. Sadrzaji su se uvijek postupno mijenjali, kao i odgovarajuci ucinkoviti pristupi za
pruzanje odrzivog i elastinog obrazovanja. U novoj normalnoj eri, nakon bolesti COVID-19, sazetci i razmiSljanja o na-
pretku dostupnih praksi i teorija mogu podrzati bolji dizajn ucinkovitog i kvalitetnog obrazovanja. U ovom se radu za pra-
cenje puta koji su proSli edukatori kartografije i geoprostornih informacija koriste konferencijski radovi i saZetci o
obrazovnim temama objavljeni na posljednjih 10 medunarodnih kartografskih konferencija. Bibliometrijska se analiza pro-
vodi prema obrazovnim temama, autorima i regijama. Nacrtana je karta znanja pojmova domene koja pokazuje da se broj
publikacija o0 obrazovanju na medunarodnim kartografskim konferencijama poveéava. Geografska je distribucija autora
vrlo koncentrirana, s autorima iz europskih zemalja koji doprinose oko 50% publikacija, a onima iz prvih deset zemalja
koji doprinose 60%. O radovima u mnogim drugim regijama manje se izvjeStava. Teme istrazivanja uglavnom su usmije-
rene na preddiplomsko i diplomsko obrazovanje o geografskim informacijskim sustavima, srednjoSkolsko obrazovanie,
obrazovne atlase, teoriju ucenja, ucenje dizajna okoliSa, online obrazovanje itd. Pedagogija i iskustvo ucenja na daljinu te
online obrazovanje u posljednjih 20 godina dobro su primijenjeni. Medutim, rijetko se navodi da najbolje prakse online
obrazovanja i obrazovanja na daljinu podrZavaju uginkovito novo normalno obrazovanje u kontekstu pandemije COVID-19.

Kljuéne rijeéi: Kartografija, geografska informacijska znanost, obrazovanije i osposobljavanje, online ucenje, bibliometrija

ubrzano razvijala s industrijskom i informacijskom re-

volucijom tijekom kojih su se razvili novi oblici karata i ge-
0d svog je nastanka karta definirana na mnogo nacina  oinformacijskih sustava (GIS) i omoguéili nove primjene u
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digitalnom gospodarstvu. Obrazovanje je kamen temeljac
razvoja kartografije i geografske informacijske znanosti - i
kao discipline i kao struke. S razvojem geodezije i kartira-
nja, geografije, informatike, psihologije i drugih srodnih
disciplina, teorije i metode kartografskog obrazovanja
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a profound impact on the education. Educators, school
management and government administration at all levels
need to look at what has been happening and reflect on
how resilient and sustainable education should be in the
future. Based on an analysis of cartography educators’ work
in International Cartographic Conferences (ICCs), we would
like to summarize the practices and experiences over in the
last two decades and make a brief reflection over carto-
graphy and geospatial information education next.

In order to trace the progress and development of spe-
cific research fields, the most direct method is to conduct a
literature review on the existing articles and reports rela-
ted to the target fields. For example, Malczewski collected
articles related to geographic information systems and
multivariate decision analysis, and carried out classified
research from the perspective of article source, geospatial
information composition, multivariate decision analysis
composition, etc. (Gurevitch et al. 2018). This method is
straightforward but lacks quantitative indicators and is
inefficient and subjective to some degree. At present,
another commonly used method is meta-analysis in scien-
tific research fields (Malczewski 2006) or building domain
knowledge maps and conducting analysis through bibli-
ometrics (Chen 2017). Bibliometrics takes articles and do-
cuments as research objects and uses mathematical
statistics methods to study the distribution structure and
quantitative relationship of documents, so that relevant
structural characteristics and development patterns of
science and technologies can be explored. Bibliometric
analysis has become an important tool to quantitatively
summarize the development of an academic field and re-
veal its future research trends. CiteSpace is one of the most
commonly used bibliometric software at present (Chen
2017). In bibliometrics, word frequency distribution and
document authors’ distribution are the basic analysis con-
tents. Word frequency distribution analysis is used to de-
termine research hotspots and research trends of
disciplines or industries by analysing word frequency in
literatures. The distribution analysis of literature authors
can expose relationships between authors and their pa-
pers and presents distribution patterns of authors of sci-
entific papers. Fellnhofer (2019) searched the literature on
entrepreneurship and innovation education in the past 40
years in the Web of Science and Scopus databases, conduc-
ted taxonomic research, and extracted research hotspots
through keyword visual analysis.

Articles on cartography and geospatial information
education can be found in various academic journals. The
International Cartographic Conference (ICC), held every
two years, is the most influential event in cartography
and geospatial information system and science. Education
is one of the core topics continuously receiving a good

number of submissions. The academic articles and abs-
tracts on education in the past ICCs report the latest prac-
tices, experiences and pedagogical thinking of educators
at their corresponding time, which can be taken as agents
to reconstruct the path that cartography education has
gone through. Therefore, abstracts and articles archived
in the last 10 ICCs from 2001 to 2019 are used in this paper
for a bibliometric analysis of international cartography
education according to key words. Reflections and sug-
gestions are made in the last section.

2 Data and Method

The International Cartographic Association (ICA), foun-
ded in 1959 (ICA 2022), is the only international academic
organization in the field of cartography and an organizati-
onal member of the UN Committee of Experts on Global Ge-
ospatial Information Management. The purpose of ICA is to
promote the discipline and career development of interna-
tional cartography and geographic information science. Its
tasks include ensuring the effective role of cartography and
geographic information science in global problem solving,
promoting the application of international geospatial in-
formation in the environment, economy and society, pro-
moting scientific and technological cooperation and
exchange, and promoting the development of cartography
and geospatial information education, and knowledge
transfer to the largest extent. At present, ICA has more than
70 member states, and 28 professional committees.

The biennial academic conferences have become the
most representative academic events in cartography and
GIS. The ICA Commission on Education and Training (CET)
has organized various forms of education and training ac-
tivities in developing countries such as those in Asia and
Africa, promoting the dissemination of theoretical
knowledge and practical experience of cartography and
geospatial information. Most of the participants of each
academic conference come from universities, and scienti-
fic research institutes around the world. The sessions on
the topic of education normally receive many contributi-
ons. And the number of education sessions normally ran-
ks top among all themes. The topics and contents of the
articles on cartography and geospatial information edu-
cation are very wide, including training programmes for
professional cartographic and geospatial information
technicians carried out by national research institutes,
training programmes for undergraduates and postgradu-
ates, design and implementation of cartographic related
courses, evaluation of secondary school education atlases
and GIS lab works, and systematic design of education
atlas. Ideas on future development of cartography educa-
tion appear periodically.

—1
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prolazile su kroz duboke promjene, kako u pogledu sadrza-
ja, tako i nacina izvodenja. Pandemija bolesti COVID-19 u
posljednje je viSe od dvije godine oblikovala nacin na koji
nastavnici konvencionalno prenose znanje i iskustvo u
Skolama. Internetska nastava i uCenje na daljinu imali su
dubok utjecaj na obrazovanje. Nastavnici, uprava $kola i
dr7avna uprava na svim razinama trebaju sagledati $to se
dogada i razmisliti o tome koliko bi elasti¢no i odrzivo
obrazovanje trebalo biti u buduénosti. Na temelju analize
rada nastavnika kartografije na medunarodnim kartograf-
skim konferencijama Zeljeli bismo saZeti praksu i iskustva u
posljednjim dvama desetlje¢ima i kratko se osvrnuti na
obrazovanje o kartografiji i geoprostornim informacijama.

Kako bi se pratio napredak i razvoj specifi¢nih istra-
Zivackih podrudja, najizravnija je metoda provodenje
pregleda literature o postojeéim ¢lancima i izvjeStajima
koji se odnose na ciljna polja. Na primjer, Malczewski je
prikupio ¢lanke koji se odnose na geoinformacijske sus-
tave i multivarijantnu analizu odluka te proveo klasifici-
rano istrazivanje iz perspektive izvora ¢lanka, sastava
geoprostornih informacija, sastava multivarijantne ana-
lize odlu¢ivanja itd. (Gurevitch i dr. 2018). Ta je metoda
jednostavna, ali joj nedostaju kvantitativni pokazatelji
pa je neucinkovita i donekle subjektivna. Trenutacno je
meta-analiza jo$ jedna metoda koja se Cesto koristi u po-
drudjima znanstvenog istraZivanja (Gurevitch i dr. 2018)
ili izradi karata znanja domene i provodenja analize pu-
tem bibliometrije (Chen 2017). Bibliometrija uzima ¢lan-
ke i dokumente kao objekte istraZivanja i koristi metode
matematicke statistike za proucavanje distribucijske
strukture i kvantitativnog odnosa dokumenata, tako da
se mogu istraZiti relevantne strukturne karakteristike i
obrasci razvoja znanosti i tehnologije. Bibliometrijska je
analiza postala vaZan alat za kvantitativno saZimanje ra-
zvoja nekog akademskog polja i otkrivanje njegovih bu-
ducih istrazivackih trendova. CiteSpace je trenutacno
jedan od naj¢esée upotrebljavanih bibliometrijskih sof-
tvera (Chen 2017). U bibliometriji, distribucija ucestalosti
rijedi i distribucija autora dokumenata osnovni su sadr-
Zaj analize. Analiza distribucije uCestalosti rijeci koristi
se za odredivanje Zarista istrazivanja i trendova istraZi-
vanja disciplina ili industrija analizom ucestalosti rijeci u
literaturi. Analiza distribucije autora literature moZe ot-
kriti odnose izmedu autora i njihovih radova te predsta-
viti obrasce distribucije autora znanstvenih radova.
Fellnhofer (2019) je pretrazZio literaturu o poduzetnic-
kom i inovacijskom obrazovanju u posljednjih 40 godina
u bazama podataka Web of Science i Scopus, proveo tak-
sonomsko istraZivanje i izvukao ZariSta istraZivanja pu-
tem vizualne analize klju¢nih rijeci.

Clanci o kartografiji i obrazovanju o geoprostornim
informacijama mogu se pronadi u raznim akademskim
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Casopisima. Medunarodne kartografske —konferencije
(ICC), koje se odrzavaju svake dvije godine, najutjecajniji su
dogadaji u kartografiji i geoprostornom informacijskom
sustavu i znanosti. Obrazovanje je jedna od klju¢nih tema
koja kontinuirano dobiva velik broj prijava. Akademski
¢lanci i saZetci o obrazovanju u proslim ICC-ima izvjeséuju
0 najnovijim praksama, iskustvima i pedagoskom razmis-
ljanju nastavnika u odgovarajuce vrijeme, mogu se uzeti
kao faktori za rekonstrukciju puta kroz koji je proslo kar-
tografsko obrazovanje. Stoga se saZetci i ¢lanci arhivirani u
posljednjih 10 ICC-ova (od 2001. do 2019.) koriste u ovom
radu za bibliometrijsku analizu medunarodnog kartograf-
skog obrazovanja prema kljuénim rije¢ima. Razmisljanja i
prijedlozi dani su u posljednjem poglavlju.

2. Podatci i metode

Medunarodno kartografsko drustvo (International
Cartographic Association - ICA), osnovano 1959. godine
(ICA 2022), jedina je medunarodna akademska organiza-
cija u podrudju kartografije i organizacijski ¢lan UN-ovog
Odbora stru¢njaka za globalno upravljanje geoprostor-
nim informacijama (UN Committee of Experts on Global
Geospatial Information Management). Svrha ICA-e je
promicanje discipline i razvoja karijera u medunarodnoj
kartografiji i geoinformacijskoj znanosti. Zadaci ICA-e su
osiguranje u¢inkovite uloge kartografije i geoinformacij-
ske znanosti u globalnom rje$avanju problema, promica-
nje primjene medunarodnih geoprostornih informacija u
okoli$u, gospodarstvu i drustvu, promicanje znanstvene i
tehnoloske suradnje i razmjene te promicanje razvoja
kartografije i geoprostornih informacija, obrazovanje, i
prijenos znanja u najvecoj mjeri. Trenutacno ICA ima vise
od 70 drZava ¢lanica i 28 stru¢nih povjerenstava.

Bijenalne su znanstvene konferencije postale najre-
prezentativnija akademska dogadanja u kartografiji i GIS-
u. 0d 1970-ih Povjerenstvo za obrazovanje i osposobljava-
nje (Commission on Education and Training - CET) ICA-e
organiziralo je razliCite oblike aktivnosti obrazovanja i
osposobljavanja u zemljama u razvoju, poput onih u Aziji i
Africi, promi¢ui Sirenje teorijskog znanja i prakti¢nog is-
kustva o kartografiji i geoprostornim informacijama. Ve-
¢ina sudionika svake akademske konferencije dolazi sa
sveuciliSta i znanstveno-istrazivackih instituta diljem svi-
jeta. Sesije na temu obrazovanja obi¢no sadrze vei broj
prezentacija, a broj obrazovnih sesija obi¢no je najve¢i
medu svim temama. Teme i sadrZaji ¢lanaka o obrazova-
nju za kartografiju i geoprostorne informacije vrlo su $i-
roki, ukljucujuéi program osposobljavanja za strucne
tehniCare za kartografiju i geoprostorne informacije koji
provode nacionalni istraZivacki instituti, programe ospo-
sobljavanja za dodiplomske i poslijediplomske studije,
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Fig. 1 Number of education publications in the last ten ICCs.
Slika 1. Broj obrazovnih publikacija u posljednijih deset ICC-ova.
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Fig. 2 Countries of authors of education publications in last ten ICCs.
Slika 2. Zemlje autora obrazovnih publikacija u posljednjih deset ICC-ova.

From 2001 to 2019, ICA held 10 ICCs in China, South
Africa, Spain, Russia, Chile, France, Germany, Brazil, the
United States, and Japan. Most publications in these IC-
Cs can be obtained from the ICA website (ICA 2022). Ne-
arly 300 articles and abstracts in educational sessions
can be acquired. To conduct a systematic review, this
paper downloaded all relevant articles and selected 213
of them after removing repetitive and irrelevant ones.

CiteSpace, a bibliometric visualization tool, is used for
quantitative analysis of publications. 1t can directly
analyse literature from various sources, like those from
Web of Science (Chen 2017). But publications from ICCs
cannot be loaded directly due to format inconsistency.
We consolidated all meta information including the aut-
hor, institution, country, title, abstract, keyword, and ye-
ar according to the format specification of CiteSpace.

In the process of mapping domain knowledge, word
frequency and betweenness centrality are used to me-
asure the importance of key terms. The former refers to

the number of times a given term noun appears in the li-
terature. Betweenness centrality is used to measure the
importance of a given noun in the term noun network.
For a given noun, the number of times it passes through
the shortest path between any other two nodes as anode
can indicate its importance. The higher the number of
times a node acts as a "mediator", the greater its betwe-
enness centrality. The quantitative calculation of betwe-
enness centrality generally requires data normalization,
which is the number of times a node passes as the shor-
test path divided by the number of all paths. This indica-
tor can also be used to measure the importance of
literature. In CiteSpace, nodes with more than 0.1
betweenness centrality are called key nodes.

3 Results

In the past two decades, the number of articles rece-
ived by each International Cartographic Conference on

—
KiG Spec. Issue, Vol. 21, 2022, https://doi.org/10.32909/kg.21.si.11



WANG, T.: NAPREDAK | ODRAZI MEDUNARODNOG KARTOGRAFSKOG OBRAZOVANJA: BIBLIOMETRIJSKA ANALIZA LITERATURE ICC-A OD 2000.

dizajn i provedbu kartografskih teCajeva, vrednovanje
srednjoskolskih obrazovnih atlasa i laboratorijskih radova
iz GIS-a te sustavno oblikovanje obrazovnog atlasa. Po-
vremeno se pojavljuju ideje o buduéem razvoju karto-
grafskog obrazovanja.

0d 2001. do 2019. ICA je odrZzala 10 medunarodnih kar-
tografskih konferencija u Kini, JuZnoj Africi, Spanjolskoj,
Rusiji, Cileu, Francuskoj, Njemackoj, Brazilu, Sjedinjenim
Americkim DrZavama i Japanu. Veéina se publikacija s tih
konferencija moZe naéi na web stranici ICA-e (ICA 2022).
MoZe se preuzeti gotovo 300 ¢lanaka i saZetaka u obrazov-
nim sesijama. Kako bi proveo sustavni pregled, autor ovog
rada preuzeo je sve relevantne c¢lanke i, nakon uklanjanja
onih koji se ponavljaju ili nisu vazni, odabrao njih 213.

CiteSpace, softver za bibliometrijsku vizualizaciju,
koristi se za kvantitativnu analizu publikacija. MoZe iz-
ravno analizirati literaturu iz razlicitih izvora, poput
onih iz Web of Science (Chen 2017). No publikacije iz
ICC-ova ne mogu se ucitati izravno zbog nedosljednosti
formata. Konsolidirali smo sve meta informacije uklju-
¢ujudi autora, instituciju, drZavu, naslov, sazetak, klju¢-
nu rije¢ i godinu prema specifikaciji formata CiteSpacea.

U procesu kartiranja znanja o domeni, uCestalost rijeci
i stupanj posredovanja (betweenness centrality) medu
njima koriste se za mjerenje vaznosti klju¢nih pojmova.
Prvo se odnosi na broj pojavljivanja odredene imenice u
literaturi. Stupanj posredovanja koristi se za mjerenje
vaznosti dane imenice u pojmovnoj mreZi imenica. Za da-
nu imenicu broj prolazenja najkra¢im putem izmedu bilo
koja druga dva ¢vora kao ¢vor moze ukazati na njezinu
vaznost. Sto vedi broj puta cvor djeluje kao "posrednik”,
vedi je njegov stupanj posredovanja. Ra¢unanje stupnja
posredovanja opéenito zahtijeva normalizaciju podataka,
$to je broj prolazaka najkra¢im putem podijeljen s brojem
svih puteva. Tim se pokazateljem moZe mjeriti i vaZnost
literature. U CiteSpaceu se ¢vorovi s viSe od 0,1 stupnja
posredovanja nazivaju kljuénim ¢vorovima.

3. Rezultati

U posljednja se dva desetlje¢a broj ¢lanaka primljenih
na medunarodnim kartografskim konferencijama na temu
obrazovanja u kartografiji i geoprostornim informacijama
kretao od 12 do 36, s prosjekom 21. ICC-ovi koji su primili
viSe od 20 obrazovnih ¢lanaka odrZani su u Kini, Spanjol-
skoj, Rusiji, Brazilu i Japanu (slika 1). Ne postoji ocita kore-
lacija izmedu broja ¢lanaka o obrazovanju i broja ¢lanaka o
drugim temama uklju¢enima u svaku konferenciju.

Statistika zemalja podrijetla autora edukacijskih ¢la-
naka pokazuje koliko je doti¢na drzava aktivna na tom
podrudju. Autori iz Brazila, Sjedinjenih Americkih Drza-
va, Njemacke, Svicarske i Rusije glavne su istraZivatke
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snage na tom podrudju (slika 2). Autori iz prvih pet ze-
malja dali su doprinos s 40% obrazovnih ¢lanaka, dok su
autori s vrha deset zemalja dali gotovo 60% takvih ¢la-
naka. Sto se ti¢e interkontinentalne statistike, autori iz
Europe objavili su gotovo 50% obrazovnih radova, auto-
ri iz Amerike objavili su 25%, dok su Azija, Afrika, Oce-
anija objavile 25% radova. To je neraskidivo povezano s
dugogodisnjom europskom tradicijom usmjerenosti na
kartografska istraZivanja i obrazovanje. Autori iz zema-
lja BRICS-a (Brazil, Rusija, Indija, Kina i JuZna Afrika, pet
gospodarstava u nastajanju) objavili su 43 rada (oko 20%
od ukupnog broja), $to ukazuje na rastuca aktivna istra-
Zivanja u kartografiji i GIS obrazovanju u zemljama s br-
zim ekonomskim rastom.

Statisticki podatci o broju edukacijskih ¢lanaka koje
objavljuju pojedini autori i njihovi timovi pokazuju tra-
diciju i sudjelovanje autora i njihovih institucija u karto-
grafskom i geoprostornom informacijskom obrazovanju
(vidi sliku 3). Medu obrazovnim temama na posljednjih
deset ICC-a, 213 ¢lanaka objavilo je 370 autora iz 50 ze-
malja. Tri glavna autora (L4zlé Zentai iz Madarske, Phi-
lippe Maeyer iz Belgije i Hurni Lorenz iz Svicarske) i
njihovi suradnici objavili su 21 izvjestaj (oko 10% od
ukupnog broja). Prvih deset autora uglavnom je iz Euro-
pe. 1z dijagrama mreZe suradnje autora vidljivo je da
glavni autori u osnovi imaju viSe suradnika, a suradnici
imaju prosirenu mrezu suradnika, $to pokazuje da klju¢-
ni autori imaju vei utjecaj na opseg. U usporedbi s gore
spomenutom nacionalnom statistikom, neke su zemlje
predale mnogo izvjes¢a, ali im nedostaju istaknuti i odr-
Zivi istrazivacki timovi i voditelji.

Kako bi se analizirali specifi¢ni istrazivacki sadrzaji i
obrasci razvoja koji se odraZavaju u izvje$¢ima u posljed-
njim dvama desetljeima, nuzna je statisticka analiza
mreznih veza izmedu kljuénih rije¢i. Nakon spajanja ri-
je¢i sli¢nih oblika i znacenja (npr. geografija, geografski,
geoprostorni itd. u GIS-u), deset naj¢es¢ih rijeci su: ge-
oinformacijski sustav, kartografsko obrazovanje, pros-
torna analiza, nastava kartografije, informacijska tehno-
logija, 21. stoljece, srednja $kola, okruZenje za udenje,
masovni otvoreni online teCaj, prostorno razmisljanje.
Kao $to se moze vidjeti iz klju¢nih rijeci, s uéestalo¢u ri-
jeci ve¢om od 4 i stupnjem posredovanja izmedu vise od
0,1 (slika 4), ZariSta istraZivanja uklju¢uju dodiplomsko i
diplomsko osposobljavanje, srednje obrazovanje, dizajn
izokrenute ucionice (flipped classroom), okruZenje za
uCenje, online obrazovanje i kartografsku pismenost. U
2015. godini pojavili su se masovni otvoreni online teca-
jevi, $to ukazuje da se podrudje kartografije i obrazovanja
o geoprostornim informacijama pocelo fokusirati na
online poducavanje i u¢enje. To je nastavna praksa u nas-
tajanju nakon $to je SARS izazvao djelomi¢nu obustavu
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cartography and geospatial information education ran-
ged from 12 to 36, with an average of 21. The ICCs rece-
iving more than 20 education articles were held in China,
Spain, Russia, Brazil and Japan (Figure 1). There is no
obvious correlation between the number of education
articles and the number of articles on other topics inclu-
ded in each conference.

The statistics of the origin countries of authors of the
education articles shows how active the corresponding co-
untry is in the field. Authors from Brazil, the United States,
Germany, Switzerland, and Russia are the main research
forces in this field (Figure 2), with authors from the top five
countries contributing 40% of education papers in the ten
ICCs, whereas authors from the top ten countries contribu-
ted nearly 60% of the papers. In terms of intercontinental
statistics, authors from Europe published nearly 50% of
education papers, authors from the Americas published
25% of papers, while Asia, Africa, Oceania accounted for
25%. This is inextricably linked to the long-standing Euro-
pean tradition of focusing on cartographic research and
education. Authors from the BRICS (Brazil, Russia, India,
China and South Africa, the five emerging economies) co-
untries published 43 papers (about 20% of the total), indi-
cating growing active research in cartography and GIS
education in countries with a fast-growing economy.

Statistics on the number of education articles published
by individual authors and their teams can show the traditi-
on and participation of authors and their institutions in
cartography and geospatial information education (see Fi-
gure 3). Among the education topics of the last ten ICCs, 213
articles are contributed by 370 authors from 50 countries.
The top three authors (LazI6 Zentai of Hungary, Philippe
Maeyer of Belgium, and Hurni Lorenz of Switzerland) and
their collaborators contributed 21 reports (about 10% of the
total). The top ten authors are mainly from Europe. It can be
seen from the author cooperation network diagram that the
main authors basically have more collaborators, and the
collaborators have an extended network of collaborators,
which shows that key authors have a greater impact on the
scope. Compared with the national statistics mentioned
above, some countries have submitted many reports, but
lack prominent and sustained research teams and leaders.

In order to analyse specific research contents and deve-
lopment patterns as reflected in the reports in the last two
decades, a statistical analysis of network connections
between hot words are necessary. After combining words
with similar forms and meanings (e.g, geographic, ge-
ographical, geospatial, etc. in GIS), the ten most frequent
words are geographic information system, cartographic
education, spatial analysis, teaching cartography, informa-
tion technology, 21st century, high school, learning envi-
ronment, massive open online course, spatial thinking. As

can be seen from the hot words with word frequency gre-
ater than 4 and betweenness centrality higher than 0.1 (Fi-
gure 4), research hotspots include undergraduate and
graduate training, secondary education, flipped classroom
design, learning environment, online education, and carto-
graphic literacy. 2015 saw the emergence of massive open
online courses, indicating that the field of cartography and
geospatial information education began to focus on online
teaching and learning. It is an emerging teaching practice
after SARS caused partial suspension of traditional classes
and online video teaching appeared in 2003. Although the
word frequency of online learning as a separate term is not
high, the words closely related to online learning such as
online course, distance learning, and remote platform ap-
pear more and more frequently in recent years. Analysis of
related articles shows that with the maturity and popularity
of network technology and abundance of digital resources,
distance education and online video courses in cartography
and GIS have been introduced in many countries. So online
education experiences in this field have been accumulated
in the past two decades, providing a certain foundation for
the large-scale online teaching started in 2020.

4 Conclusion

Sharing experiences of best practices and pedagogi-
cal insights globally can effectively improve cartography
and geospatial information education in all countries,
which is crucial to train more well-educated graduates
for rapid development and innovation of the geospatial
information industry. Based on the publications on edu-
cation topics in the past ten International Cartographic
Conferences, bibliometric methods are used to analysis
research topics, authors and regions. On academic and
industry aspects and society at large, GIS has been beco-
ming ubiquitous in various applications together with
cartography for mapping and visualization. Information
technologies have been introduced gradually into carto-
graphy teaching and learning, similar to what happened
in other education fields. Cartography and GIS education
have been continuously a research focus which evidence
cartography’s tradition of knowledge transfer. New
frontiers of academic outputs have been adopted into
educational resources together with new ways of teac-
hing and changing pedagogies, all of which prepare our
graduates for increasingly more opportunities.

Over the past two decades, cartography educators have
mainly focused on the undergraduate and graduate tra-
ining, secondary education, learning environment design,
online education and other directions in cartography and
geospatial information education. On the one hand, com-

paring these articles and abstracts with emerging keywords
—1
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Fig. 3 Key Authors and their collaborators of education publications in last ten ICCs.

tradicionalne nastave i nakon $to se 2003. pojavilo online
video poducavanje. Iako ulestalost rijeci online ucenje
kao zasebnog pojma nije visoka, posljednjih se godina
sve CeSce pojavljuju rijeci usko povezane s online ude-
njem poput online teCaja, ucenja na daljinu i udaljene
platforme. Analiza srodnih ¢lanaka pokazuje da su sa
zrelo$¢u i popularno$éu mrezne tehnologije i obiljem di-
gitalnih izvora, obrazovanje na daljinu i online video te-
Cajevi iz kartografije i GIS-a uvedeni u mnoge zemlje.
Dakle, iskustva online obrazovanja u ovom su podrudju
akumulirana u posljednja dva desetljeca i pruzaju odre-
denu osnovu za online poducavanje velikih razmjera ko-
je je zapocelo 2020. godine.

4. Zakljucak

Razmjena iskustava najboljih praksi i pedagoskih uvida
na globalnoj razini moze ucinkovito poboljsati obrazovanje
o kartografiji i geoprostornim informacijama u svim zem-
ljama, $to je klju¢no za osposobljavanje vise dobro obrazo-
vanih diplomanata za brzi razvoj i inovacije industrije
geoprostornih informacija. Na temelju publikacija eduka-
cijske tematike na proteklih deset medunarodnih karto-
grafskih konferencija, bibliometrijskim su metodama
analizirane istrazivacke teme, autori i regije. Sto se tice
akademskih i industrijskih aspekata te drustva opéenito,
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GIS postaje sveprisutan u raznim primjenama zajedno s
kartografijom za izradu karata i vizualizaciju. Informacij-
ske se tehnologije uvode postupno u nastavu i uéenje kar-
tografije, sli¢no kao $to se dogodilo i u drugim obrazovnim
podruéjima. Obrazovanje za kartografiju i GIS kontinuirano
je u fokusu istrazivanja, Sto dokazuje kartografsku tradiciju
prijenosa znanja. Nove granice akademskih rezultata
usvojene su u obrazovnim resursima zajedno s novim naci-
nima poucavanja i promjenom pedagogije, $to priprema
nase diplomante za sve viSe moguénosti.

Tijekom posljednjih dvaju desetlje¢a nastavnici kar-
tografije uglavnom su se usredoto¢ili na dodiplomsko i
diplomsko obrazovanje, srednje obrazovanje, dizajn
okruZenja za ulenje, online obrazovanje i druge smjero-
ve u obrazovanju o kartografiji i geoprostornim infor-
macijama. S jedne strane, usporedujudi ¢lanke i saZetke
s klju¢nim rije¢ima u nastajanju u glavnim asopisima iz
kartografije i geoinformacijskih sustava, mozemo uociti
zaostajanje u pogledu novih sadrzaja, posebno na dodi-
plomskoj razini. S druge strane, prvih deset zemalja i
europskih zemalja pridonose veéinom ¢lanaka o obra-
zovanju. lako gospodarstva u razvoju postupno ulazu
viSe napora, mnoge zemlje ¢lanice ICA-e imaju veliki
potencijal za sudjelovanje u medunarodnim obrazov-
nim naporima i razmjenu najnovijih dostignuéa u obra-
zovnoj praksi. Nije potrebno samo ukljuciti nove
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in mainstream journals in cartography and geographic in-
formation systems, we may find a lagging effect concerning
new contents, especially on undergraduate level. On the
other hand, the top ten countries and European countries
contribute the majority of education articles. Although
emerging economies are gradually putting in more efforts,
many ICA member countries have a big potential to parti-
cipate in international education efforts and exchange the
latest progress of education practices. It is not only nece-
ssary to incorporate new academic outputs and industry
practices into education resources, but also to share expe-
rience of best practices among countries at different stages
of development, which is important for reducing inequities
and building an inclusive educational community. In this
way educators and governments can contribute to the in-
clusive and high-quality education in the 2030 sustainable
development goals of the United Nations (UNDP 2020).
During the COVID-19 pandemic, education at all levels
in the world has been affected. Thanks to the fast develop-
ment of information infrastructure in the last ten years,
online teaching and distance learning promptly ensured
efficiency and effectiveness of education in many countri-
es. Educators in cartography presented their preliminary
research results of online education and distance learning.
However, it is necessary to explore their effectiveness and
appropriate paradigms. In the post COVID-19 new normal
era, educators in cartography and geospatial informati-
on shall join the efforts with those in other fields to find
effective ways of achieving resilient, sustainable and
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akademske rezultate i industrijske prakse u obrazovne
resurse, ve¢ i razmijeniti iskustva najboljih praksi medu
zemljama na razli¢itim stupnjevima razvoja, $to je vaz-
no za smanjenje nejednakosti i izgradnju ukljucive
obrazovne zajednice. Na taj nacin nastavnici i vlade mo-
gu pridonijeti uklju¢ivom i visokokvalitetnom obrazo-
vanju u skladu s ciljevima odrZivog razvoja Ujedinjenih
naroda do 2030. (UNDP 2020).

Tijekom pandemije COVID-19 u svijetu je pogodeno
obrazovanje na svim razinama. Zahvaljuju¢i brzom ra-
zvoju informacijske infrastrukture u posljednjih deset go-
dina, online nastava i uéenje na daljinu brzo su osigurali
ucinkovitost i djelotvornos obrazovanja u mnogim zem-
ljama. Nastavnici kartografije predstavili su svoje preli-
minarne rezultate istraZivanja online obrazovanja i
ucenja na daljinu. Medutim, potrebno je istraziti njihovu
ucinkovitost i odgovarajuée paradigme. U novoj normal-
noj eri nakon pandemije bolesti COVID-19 nastavnici kar-
tografije i geoprostornih informacija udruZit ¢e napore s
onima u drugim podrudjima kako bi pronasli u¢inkovite
nacine za postizanje otpornog, odrzivog i kvalitetnog vi-
sokog obrazovanja (UNESCO 2020). Usvojit ¢e se hibridna
paradigma poucavanja i ulenja, s naglaskom na uravno-
teZenje tradicionalnih praksi i udaljenog okruZenja. U tom
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smislu, nastavnici ¢e dalje pomicati granice prakse do du-
binskog istraZivanja o tome kako obogatiti svoje iskustvo
postojeéeg obrazovnog istrazivanja akumuliranim resur-
sima online otvorenih sadrZaja i opseZznog znanja o karto-
grafiji i geoprostornoj informacijskoj znanosti i tehno-
logiji, uz dobru prilagodbu online usluga drustvenog
umreZavanja (Fairbairn 2018, Tang i Khe 2017).

I dalje postoji potreba za prosirenjem ove bibliometrij-
ske analize razli¢itim nadinima kako bi se dobila $ira slika
obrazovanja kartografije i GIS-a. Prvo, obrazovni se ruko-
pisi u akademskim Casopisima i knjigama mogu ukljuditi u
sadrZaj analize. Osim toga, nastavnici mogu objaviti svoje
radove na svojim materinskim jezicima. Drugo, mogu se
provesti komparativne studije izmedu sli¢nih akademskih
disciplina ili zemalja. Primjerice, arhitektura i urbanizam
prolaze sli¢an put u procesu usvajanja informacijskih teh-
nologija. Mogu se izvuéi sli¢nosti i razlike kako bi se nas-
tavnicima kartografije i GIS-a pomoglo da pronadu
uinkovitije paradigme poucavanja i u¢enja.
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