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Abstract. Augmented reality (AR) technology allows cartographers to make cartographic products more attractive and
more understandable for their users. In our research experiment we applied new AR technology onto a paper version
school geography atlas for grade 8 (15-year-olds). The experiment that we did was carried out with grade 3 students (10-
year-olds). The challenge we had was to see how small children would understand the complicated geographic informa-
tion presented by the atlas using AR. The results show that students deal with the information and understand maps cor-
rectly with the help of the newly presented information. The children were very interested and asked to continue lessons.
They were even interested in how the atlas was created using AR technology. It is evident that the presented new techno-

1 Introduction

Nowadays children use computer technology
every day and all the time. Cartographers should pro-
voke their creativity and help them to study geo-
graphy and history by using maps and atlases, which
can be accessed/opened on their electronic devices.
Maps for children should provide their users with the
newest, updated information in the form of drawings
and pictorial images of various subjects and phenom-
ena as well as create a correct view of the world's geo-
graphy and history. The goal of this research is to
identify the difficulties in cartographical education
and remedy them using new technologies.

This would lead to improved education through
the use of software and high-tech devices that make it
more effective. However, students and teachers in
schools and universities still encounter different types

logy provides us with possibilities of explaining difficult geographic topics to students of different ages.
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of difficulties. Many factors lead to distraction and loss
of attention during class, a problem that students face
and that can reduce their knowledge acquisition, skills
and results. In addition, students attend classes with a
lack of interest and excitement in the classroom taught.
Some students also find visualising the explication of
the lessons quite difficult. Therefore, dangerous mis-
takes can be made in laboratories that require practical
implementation. For instance, some chemical interac-
tions and errors in electrical experiments can lead to
serious injuries in chemistry or physics classes. An ex-
periment on attention problems at school shows that
students expect teachers to use a variety of teaching
methods in accordance with the students’ level
(Cicekci, Sadik 2019). Another fact is that not all schools
and universities cannot afford expensive experimental
materials. In addition, it is difficult to provide tools and
equipment all the time for visualizing the material
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SaZetak. Tehnologija proSirene stvarnosti (AR) daje kartografima mo¢ da svojim korisnicima naprave atraktivnije i
razumljivije kartografske proizvode. U naSem smo istrazivatkom eksperimentu primijenili tu novu tehnologiju na te-
melju papirnate verzije Skolskog atlasa iz geografije za 8. razred (15-godiSnjaci). Eksperiment je proveden s ucenici-
ma 3. razreda (10 godina). Izazov je hio kako ¢e mala djeca razumjeti komplicirane geografske informacije predsta-
vljene u atlasu koristeéi AR. Rezultati pokazuju da se uéenici na ispravan nacin nose s informacijama i razumiju karte
uz pomoc¢ novopredodenih informacija. Interes djece je vrlo velik — trazi se nastavak uéenja i pokazuje interes prema
nainu izrade atlasa AR tehnologijom. Evidentno je da nam predstavljena nova tehnologija omogucéuje da ucenicima

razlicite dobi objasnimo teSke geografske teme.

Kljugne rijegi: proSirena stvarnost, kartografija, Skolski atlas, istrazivacki eksperiment, Citanje karte

1. Uvod

Danasnja djeca neprestano koriste ra¢unalnu teh-
nologiju. Kartografi bi trebali provocirati njihovu
kreativnost i pomoéi im u proucavanju geografije i
povijesti upotrebom karata i atlasa koji se mogu ko-
ristiti na njihovim racunalnim uredajima. Karte za
djecu trebale bi svojim korisnicima pruZiti najnovije
azurirane informacije crteZima, slikama razli¢itih
predmeta i pojava te stvoriti ispravan pogled na
svjetsku geografiju i povijest. Ovim istraZivanjem po-
kusavamo pronaéi poteskole u kartografskom obra-
zovanju i poboljSati ga nekom od novih tehnologija.

Obrazovanje ¢emo unaprijediti upotrebom sof-
tvera i visokotehnolo$kih uredaja koji ga ¢ine ucin-
kovitijim. Medutim, razli¢ite vrste poteskoca jos
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uvijek ometaju ucenike i nastavnike u Skolama, pa
¢ak 1 na sveudiliStima. Zbog mnogih ¢imbenika
ometanje i gubitak paZnje tijekom nastave neki su od
problema s kojima se ulenici susre¢u i koji mogu
umanyjiti njihovo znanje, vjeStine i rezultate. Osim
toga, ucenici pohadaju nastavu bez interesa i uzbu-
denja u ucionici. Takoder je tesko vizualizirati objas-
njenje lekcija za neke ucenike. Stoga se u laboratori-
jima mogu napraviti opasne pogreske koje zahtije-
vaju prakti¢nu provedbu. Na primjer, neke kemijske
interakcije i pogreske u elektri¢nim eksperimentima
mogu dovesti do ozbiljnih ozljeda u nastavi kemije ili
fizike. Eksperiment o problemima paZnje u $koli po-
kazuje da ucenici o¢ekuju od ulitelja da koriste razli-
Cite metode poucavanja u skladu s ucenickom razi-
nom (Cicekci, Sadik 2019). Druga je Cinjenica da si
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taught in schools. Finally, the lack of resources plays a
huge role in reducing the educational level of students
with disabilities, as some of them find it difficult to in-
teract and perform experiments easily due to their
special needs. Therefore, in order to eliminate all
these educational issues, technology must be integ-
rated into its very core in order to build a more know-
ledgeable and educated society. Our task is to
introduce a way to present geo-information to chil-
dren in an interesting, innovative and modern way
using all of the available educational materials.

To find a solution for our research topic we plan to
use augmented reality (AR) as a technology which en-
hances reality with two- or three-dimensional com-
puter-generated images (CGI), objects, and/or infor-
mation, allowing the users to interact with them
(Azuma 1997, Carmigniani et al 2010). AR can be inter-
preted “as a view of a physical, real world whose ele-
ments are integrated with a computer-generated
sensory input” (Freina, Ott 2015). The goal is to “see and
experience the real world mixed with different virtual
objects without losing the sense of reality” (Persefoni,
Tsinakos 2015). AR is a variation of virtual environment
(VE) or virtual reality (VR). Ideally, VE technology im-
merses consumers in the virtual world without expos-
ing them to the real world, while AR deals with both
environments, and the user is able to see and display
both the virtual and the real environment (Azuma
1997). In 1994, Milgram and Kishino defined the con-
tinuum of AR and VR. AR is located between the recom-
mended and the virtual environment and the as-is state
in the neighbourhood, called "mixed reality" (Milgram,
Kishino 1994). Mixed reality integrates digital informa-
tion into the relevant environment. In addition to what
Azuma (1997) says, AR provides both types of objects in
2D or 3D, resulting in real-time interaction that reflects
the mixed reality in the AR continuum of Milgram and
Kishino (1994). Users will begin to experience a virtual
surround environment when the point moves to the
right, resulting in a virtual environment. Real objects
are added to virtual ones within the virtual environ-
ment, which complements the background. Unlike the
dot on the left, AR offers a range of digital objects such
as audio, video, haptic touch and / or images that can
be imposed on the real environment.

In a broader context, AR is an experience for stu-
dents and engineers to provide invisible interfaces
and improve user interaction with the real world. In-
stead of interfaces available on computers, a graphical
user interface (GUI) could be provided and there is a
clear differentiation between digital screens of the
domains and real physical worlds.

Virtual implementation is a different approach
from AR, where the user wears a display mounted
on the head and the real world is completely re-
placed by the virtual environment. The user is
completely isolated in the display and isolated from
the real world. This is the biggest difference
between the virtual and the augmented reality
(Billinghurst et al 2015).

2 Virtual and augmented reality in cartographical
education

Technology is reaching new peaks on a daily basis
and we are very familiar with 3D cartoons, movies,
games. Almost everyone enjoys the 3D world of enter-
tainment, as it feels more realistic than its 2D equival-
ent and provides more detail and information than 2D,
such as shadows, depth of field, object structure and
more. In the same way, the 3D approach can be applied
for educational purposes, which ultimately help to in-
crease the speed of learning and to easily understand
difficult concepts in a short period of time. Educational
systems cannot be limited to context and pictures and
must focus on digitalization. Digital applications in
education make it more interesting, engaging and
helps to understand, memorize and learn complex top-
ics. Chemistry is an interesting subject, but it is usually
difficult for some students to understand it and its vari-
ous concepts. For instance, it can be difficult for the
student to understand the atomic structure, the mo-
lecular structure and how the bond is formed as an ion-
ic bond, a covalent bond, a coordinate covalent and a
polar bond. In the same way, students struggle in un-
derstanding different forms of compounds and differ-
ent complex experiments (Alam at al. 2020). An AR app
is a better way to learn and understand the real envir-
onment. Teachers can easily explain difficult concepts
by designing advanced experiments and describing the
concept with a voice that supports all three types of
learning styles (visual, auditory and kinaesthetic).
Orator.bg (2021) shows in its study that "about 40% of
people perceive information visually, 40% - kinaesthet-
ically, and the remaining 20% - auditory and tactile."

There are many factors in improving the quality
of education. These include the ability and motiva-
tion of individual students to learn at their own pace,
as well as approaches to learning, including mutual
education. In order to improve the technologies ap-
plied in the learning and teaching experience, field-
specific, pedagogical and psychological aspects must
be considered (Markwell 2003). AR on mobile devices
is still relatively new and therefore lacks research
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neke $kole i sveudiliSta ne mogu osigurati skupe eks-
perimentalne materijale. Osim toga, tesko je osigu-
rati alate i opremu za vizualizaciju gradiva koje se
stalno uci u Skolama. Konacno, nedostatak resursa
igra veliku ulogu u smanjenju obrazovne razine uce-
nika s teSkoéama, buduéi da je nekima od njih tesko
komunicirati i lako izvoditi eksperimente zbog nji-
hovih posebnih potreba. Stoga, kako bi se eliminirali
svi ti obrazovni problemi i izgradilo obrazovanije
drustvo, tehnologija se mora integrirati u obrazova-
nje. Nas$ je zadatak prezentirati djeci geoinformacije
na zanimljiv, inovativan i moderan nacin koristeci
sve dostupne edukativne materijale.

Kako bismo pronasli rjeSenje za svoju istrazivacku
temu, planiramo koristiti proSirenu stvarnost (aug-
mented reality - AR) kao tehnologiju koja poboljsava
stvarnost dvodimenzionalnim ili trodimenzionalnim
ratunalno generiranim slikama (computer-generated
images - CGI), objektima i/ili informacijama i omogu-
¢uje korisnicima interakciju s njima (Azuma 1997,
Carmigniani et al 2010). AR se moZe tumaciti kao ,,po-
gled na fizicki, stvarni svijet ¢iji su elementi integrira-
ni s raunalno generiranim senzorskim ulazom"
(Freina, Ott 2015). Cilj je "vidjeti i doZivjeti stvarni svi-
jet pomijeSan s razli¢itim virtualnim objektima bez
gubljenja osjeCaja stvarnosti" (Persefoni, Tsinakos
2015). AR je varijacija virtualnog okruZenja (virtual
environment - VE) ili virtualne stvarnosti (virtual re-
ality - VR). U idealnom slucaju VE tehnologija uranja
potrosaCe u virtualni svijet bez izlaganja stvarnom
svijetu, dok se AR bavi obama okruZenjima, pri ¢emu
korisnik moze vidjeti i prikazati i virtualno i stvarno
okruZenje (Azuma 1997). Milgram i Kishino definirali
su 1994. godine kontinuum AR i VR. AR se nalazi izme-
du preporucenog i virtualnog okruZenja i stanja u su-
sjedstvu nazvanog "mjeSovita stvarnost" (Milgram,
Kishino 1994). MjeSovita stvarnost integrira digitalne
informacije u relevantno okruZenje. Osim onoga $to
kaZe Azuma (1997), AR pruZa obje vrste objekata u 2D
ili 3D, $to rezultira interakcijom u stvarnom vremenu
koja odrazava mijeSanu stvarnost u AR kontinuumu
Milgrama i Kishinoa (1994). Korisnici ¢e poceti doZiv-
ljavati virtualno surround okruZenje kada se tocka
pomakne udesno, $to dovodi do virtualnog okruzenja.
Stvarni se objekti dodaju virtualnima unutar virtual-
nog okruZenja, $to nadopunjuje pozadinu. Za razliku
od tocke na lijevoj strani, AR nudi niz digitalnih obje-
kata kao $to su audio, video, hapticki dodir i/ili slike
koji se moZe nametnuti stvarnom okruZenju.

U Sirem kontekstu AR je iskustvo za studente i in-
Zenjere koje pruza nevidljiva sucelja i poboljsava in-
terakciju korisnika sa stvarnim svijetom. Umjesto

KiG Br. 36, Vol. 20, 2021, https://doi.org/10.32909/kg.20.36.1

suCelja dostupnih na ralunalima moglo bi se osigu-
rati graficko korisnicko sucelje (GUI) gdje postoji jas-
na razlika izmedu digitalnih zaslona domena i
stvarnih fizickih svjetova.

Drugaciji je pristup kroz virtualnu primjenu, pri
¢emu korisnik nosi zaslon postavljen na glavi, a stvar-
ni svijet u potpunosti zamjenjuje virtualno okruZenje.
Korisnik je potpuno izoliran na zaslonu i izoliran od
stvarnog svijeta. To je najveca razlika izmedu virtual-
ne i prosirene stvarnosti (Billinghurst et al 2015).

2. Virtualna i proSirena stvarnost u kartografskom
obrazovanju

Tehnologija iz dana u dan dostiZe svoj novi vrhu-
nac i dobro poznajemo 3D crtice, filmove i igrice. Go-
tovo svi uZivaju u 3D svijetu zabave jer se ¢ini reali-
i informacija od 2D, kao $to su sjene, dubina polja,
struktura objekta i jo§ mnogo toga. Na isti se nacin
3D pristup moZe primijeniti u obrazovne svrhe, $to u
konaénici pomaze u povelanju brzine ucenja i lak-
$em razumijevanju teSkih pojmova u kratkom vre-
menskom razdoblju. Obrazovni sustavi ne mogu biti
ogranileni na kontekst i slike i moraju se usredotoci-
ti na digitalizaciju. Digitalni je svijet obrazovanja ko-
mjeti, zapamtiti i nauditi sloZene teme. Kemija je
zanimljiv predmet, ali je nekim ucenicima obi¢no te-
ko razumjeti njezine razli¢ite pojmove. Osim toga,
uéeniku postaje tesko razumjeti strukturu atoma,
molekularnu strukturu i na¢in na koji nastaje ionska
veza, kovalentna veza, koordinatna kovalentna i po-
larna veza. Na isti se nalin ucenici bore s razumije-
vanjem razli¢itih oblika spojeva i razli¢itih sloZenih
eksperimenata (Alam i sur. 2020). AR aplikacija je bo-
lji nadin za ucenje i razumijevanje stvarnog okruze-
nja. UCitelji mogu jednostavno objasniti teske
koncepte osmisljavanjem naprednih eksperimenata
i opisivanjem koncepta glasom koji podrzava sve tri
vrste stilova ulenja (vizualni, sluni i kinesteticki).
Orator.bg (2021) u svojoj studiji pokazuje da "oko
40% ljudi informacije percipira vizualno, 40% - ki-
nesteticki, a preostalih 20% - slusno i taktilno".

Mnogo je ¢imbenika za poboljSanje kvalitete vjez-
banja. To su npr. sposobnost i motivacija pojedinih
ucenika da uce vlastitim tempom, kao i pristupi ucenju,
ukljucujudi grupni rad. Da bi se poboljsale tehnologije
za primjenu iskustva uenja i pouCavanja, moraju se
uzeti u obzir specificni pedagoski i psiholoski aspekti
(Markwell 2003). AR na mobilnim uredajima jos§ je uvi-
jek relativno nov i stoga nema istraZivanja provedenih
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Fig. 1a, b Pages from the atlas used as markers (Bandrova 2017).
Slika 1a, b. Stranice iz atlasa upotrijebljene kao markeri (Bandrova 2017).

conducted in this area in education, unlike AR using
computers and glasses (Hamilton 2021).

AR environments of mobile devices are evolving
and offer great potential in terms of education and
learning. AR has been shown to be a tool that can en-
hance learning motivation (Balog, Costin 2010). In
pedagogy, it is important to enhance/increase stu-
dent satisfaction through their involvement in learn-
ing activities with significant material that generates
positive interest, learning time and place of choice
and individual pace of learning (Piccoli et al 2001).

AR has the potential to revolutionize the place,
judgment and effectiveness of education by combining
new and additional ways of learning (Antonioli et al
2014). Dunleavy and Dede (2014) found that AR applica-
tions in education are increasingly related to teamwork
skills (thus preserving the social dimension), but cog-
nitive overload and concrete performance remain a
challenge. Di Serio et al (2013) recruited 69 average stu-
dents to perform a set of AR-based learning activities,
finding that their motivation increased more than in

the control group. Introducing the Zspace, Noor and
Aras (2015) argue that AR can trigger multimodal and
multi-user learning.

The last few years have seen problems with AR in
terms of equipment, development costs, mainten-
ance, and conflicts with emerging technologies. Cur-
rently, this shortcoming is solved in one way or
another, but according to Billinghurst and Diinser
(2012) this technology is still lacking due to a shortage
of non-specialists with high skills to develop the sub-
ject content. High skills in 3D modelling, program-
ming knowledge and detailed understanding of the
subject of content development are required (Diinser
et al 2012). Therefore, researchers believe that more
research and development in the field of AR is needed
to be able to apply it in education.

In the next chapter the authors will explain how the
AR was employed in the educationprocess. It was based
on a paper school atlas on geography. The aim was to
add new information, update the old and present it us-
ing 3D models, simulations and animations.
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Slika 2. Okruzenje Unity upotrijeblieno za stvaranje tehnologije.
Fig. 2 Unity environment used for technology creation.

Slika 4. 3D model Zemljine strukture.
Fig. 4 3D model of the Earth structure.

u ovom podrudju u obrazovanju, za razliku od AR-a s
pomocu racunala i naocala (Hamilton 2021).

AR okruZenja mobilnih uredaja razvijaju se i nude
veliki potencijal u smislu obuke i u¢enja. AR se pokazao
kao alat koji moZe pobolj$ati motivaciju za ucenje (Ba-
log, Costin 2010). U podrudju poucavanja i ucenja vaz-
no je procijeniti zadovoljstvo ucenika uklju¢enoséu u
aktivnosti ucenja takvim materijalom koji stvara pozi-
tivan interes, omogucéuje izbor vremena i mjesta uce-
nja te individualni tempo ucenja (Piccoli et al 2001).

AR ima potencijal za snaznu promjenu mjesta, pro-
sudbe i u¢inkovitosti obuke kombiniranjem novih i do-
datnih nacina ucenja (Antonioli et al 2014). Dunleavy i
Dede (2014) otkrili su da su AR aplikacije u obrazovanju
sve povezanije s vjeStinama timskog rada (¢ime se ¢uva
drustvena dimenzija), ali kognitivno preoptereéenje i
konkretna izvedba ostaju izazov. Di Serio i sur. (2013)
regrutirali su 69 prosjecnih uéenika za izvodenje niza
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Slika 3. 3D model planeta Zemlje (Moek 2019).
Fig. 3 3D model of the planet Earth (Moek A, 2019).

E Cretaceous

Slika 5. IsjeCak videa koji prikazuje promjenu oblika
kontinenata tijekom milijuna godina (Scotese 2016).
Fig. 5 A video frame showing the change in the shape of
the continents over millions of years (Scotese 2016).

Slika 6. Lekcija iz teorije tektonike ploca (Graham 2016).
Fig. 6 Plate tectonics theory lesson (Graham 2016).
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3 Creation of AR content

Choosing the type of Augmented Reality is one of
the first steps in creating an AR application. Marker-
based AR is the most suitable type of AR to add to a
school atlas. It requires a special visual object which
can be anything from a printed Quick Response (QR)
code to special signs. Marker-based applications use a
camera on the device to distinguish a marker from
any other real-world object and it overlays informa-
tion on top of this marker. Markers are labels that
contain a coloured or black and white pattern recog-
nized by the AR application through the camera of the
device. The AR device in some cases also calculates the
position and orientation of a marker to position the
content. The different pages of the school atlas are
used as different markers in this project (Figure 1a, b).

The AR content is the augmented information
which will be used together with the basic informa-
tion, in our case - a paper version school geography
atlas. The augmented information can be anything
from 2D and 3D models to animation and video. In this
project two 3D models with complex animations and
3D game-like interactions and two videos are augmen-
ted using Vuforia in combination with Unity (Figure 2).

The first AR content is a 3D model of the planet
Earth and it is added to the cover of the atlas to catch
the attention of the kids at first sight (Figure 3).

On the next selected page, a 3D model of the Earth
structure (Figure 4) is added for better visualization
and understanding of the graphic presented in the
atlas along with a short video (Figure 5) supplement-
ing a diagram for the shape of the continents, show-
ing the plate tectonic and paleogeographic evolution
of the Earth dating back to 540 million years.

The final selected page from the atlas used in this
project shows the earthquake zones on land, under
water and the ocean ridges. Here the augmented in-
formation is a short video lesson showing what causes
earthquakes and their consequences (Figure 6).

These final work steps are followed in creating
the end product AR mobile application:

» Comparison of all elements;

= Choice of projection, scale, scene and range;
= Additional effects and animations;

= Rendering.

4 Difficulties applying AR to the school atlas
The pages of the paper atlas are well recognized,

and the tracking of the camera's movements is effect-
ive, so the added information is presented almost

immediately on the tablet. However, digital visualiza-
tions begin to flicker when the angle between the cam-
era and the paper map becomes too sharp. This
problem is mentioned in the Vuforia developer portal,
but no solution is recommended (Vuforia 2021).

Distorted printed atlas sheets are another problem,
as they cause incorrect positioning of the added content.
This is due to the assumption of flatness for the purpose
of the image, which is not possible when maps are spread
over two pages. The virtual objects appear to be placed
on the largest recognized portion of the map by the
Vuforia Engine. In the case of double-sided maps, posi-
tioning works well on one page, while there is an error in
height and scale on the other. Other authors (Schniirer
et al 2020) have discovered the same problem. Overlap of
map elements may occur when the distance between the
tablet and the printed map increases. Applying general-
ization depending on the viewing distance can reduce
the congestion of these elements on the map.

Knowing the problems, we try to avoid the disad-
vantages of AR technology and present the content to
students in an attractive and understandable way. Be-
cause of this we have made an experiment to gauge
their understanding of new information presented in
such an innovative way.

5 Survey with students on their understanding of
augmented reality school atlas topics

In order to study how the school atlas with AR is
perceived by the students, a class was conducted with
30 children, aged 9-10 years, from Grade 3 from the
125th school in Sofia. The aim was to investigate how
students most easily and effectively perceive new in-
formation by measuring several variables such as mo-
tivation, commitment, perception and effectiveness
of learning. The specific focus was the potential use of
Augmented Reality in the school system in Bulgaria.

An approach was sought for presenting complex
and additional information from the Grade 8 Atlas to
Grade 3 students. The aim was to understand whether
students would be able to handle complex material
with the help of AR, which would help read and facil-
itate understanding the information in the atlas. The
method of presenting information for higher grade
lessons to younger students is not a new one. Jirout and
Newcombe (2014) use scaled maps as an opportunity to
develop spatial thinking in 4-5-year-olds. Nunez and
Szabo (2011) support education on a website about
maps for children and regularly update its content.

The children were divided into two groups of 15.
With the help of a student atlas, a short lesson was given
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o

Ume »WM’L/L

I'op.unn.j. D mMomye m MomMuye

1. W3nonssate nu KapTh B yuebHUTE Yacose no ,40BeKbT M 0bwecTsoTo?

Daa One

2. W36poiiTe KOHTUHEHTUTE Ha cBeTa.

Jrus %%’W/M( ég/w%m 4 Q/é/wa 2 j{ bira 7617/1/%“

DHe 3Ham

L

3. PasnnuHa am e 6una dopmarta Ha KOHTUHEHTUTE NPeay MUAMOHM TOANHN?

Ile,a DHE

4. Kak pasbpaxre, 4e popmata Ha KOHTUHEHTUTE Ce e NpomeHAna?

DHE 3Ham

DOT cxemara B atsaca DOT pasKasa Ha 6atkoTo mOT BMAEO0TO Ha Tabneta

5. Kos e npuymHara 3a Bb3HMKBaHE Ha 3emeTpeceHuaTa?

D/J,BVI)KEHME Ha MOpPCKUTE Te4eHusa MABH)KEHVIG Ha TEKTOHCKUTE Nao4un D[J,EM)'KEHME Ha JlyHaTa okono 3emaTa

Slike 7a,b. Djeca ispunjavaju test i jedan od é
njihovih odgovora (na bugarskom).
Fig. 7a,b Children fill in the test and one of their

. Koe B1 nomorHa aa otrosopute Ha Bbnpoc Ne5?

Dcxemara Bartnaca

O paskasa Ha 6aTkoTo il BMAeO0TO Ha Tabneta

answers (in Bulgarian).

aktivnosti uCenja temeljenih na AR-u, otkrivsi da se
njihova motivacija povecala viSe nego u kontrolnoj
skupini. Predstavljaju¢i uredaj Zspace, Noor i Aras
(2015) tvrde da AR moZe potaknuti multimodalno
ucenje i ucenje s vise korisnika.

Posljednjih nekoliko godina uoceni su problemi s
AR-om u smislu opreme, troskova razvoja, odrZava-
nja i sukoba s novim tehnologijama. Trenutacno je
taj nedostatak rijeSen na ovaj ili onaj nacin, ali, pre-
ma Billinghurstu i Diinseru (2012), ta tehnologija jos
uvijek nedostaje zbog nedostatka specijalista s po-
trebnim vjeStinama za razvoj sadrZaja predmeta. Po-
trebne su znatne vjestine u 3D modeliranju, znanje
programiranja i detaljno razumijevanje predmeta
razvoja sadrZaja (Diinser i sur. 2012). Stoga istraZiva-
¢i vjeruju da je za obrazovanje potrebno vise istrazi-
vanja i razvoja u podruéju AR-a.

U sljedeéem e poglavlju autori precizirati kako je
AR upotrijebljen u procesu obuke. Temelji se na pa-
pirnatom $kolskom atlasu iz geografije. Cilj je dodati
nove informacije, aZurirati stare te prezentirati in-
formacije 3D modelima, simulacijama i animacijama.

3. Kreiranje sadrZaja AR-a

Odabir vrste proSirene stvarnosti jedan je od prvih
koraka stvaranja AR aplikacije. AR na temelju markera
najprikladniji je tip AR-a za dodavanje u $kolski atlas.
Zahtijeva poseban vizualni objekt koji moZze biti bilo
$to, od ispisanog koda za brzi odgovor (Quick Response
- QR) do posebnih znakova. Aplikacije temeljene na
markeru koriste kameru na uredaju za razlikovanje
markera od bilo kojeg drugog stvarnog objekta i pre-
krivaju informacije na vrhu ovog markera. Markeri su

naljepnice koje sadrze obojeni ili crno-bijeli uzorak koji
prepoznaje AR aplikacija putem kamere uredaja. U ne-
kim slucajevima AR uredaj takoder izraunava poloZaj i
orijentaciju markera za pozicioniranje sadrzaja. Razli-
Cite se stranice Skolskog atlasa koriste kao razlidite oz-
nake u ovom projektu (slike 1a, b).

AR sadrzZaj je proSirena informacija koja ée se ko-
ristiti zajedno s temeljnom, u nasem slucaju papir-
natom verzijom $kolskog atlasa iz geografije. Prosi-
rene informacije mogu biti bilo $to, od 2D i 3D mode-
la do animacije i videa. U ovom su projektu dva 3D
modela sa sloZenim animacijama i interakcijama na-
lik 3D igrici i dva videa uveéana s pomocu Vuforije u
kombinaciji s Unityom (slika 2).

Prvi AR sadrZaj je 3D model planeta Zemlje koji je
dodan na naslovnicu atlasa kako bi na prvi pogled
privukao paznju djece (slika 3).

Na sljedecoj je odabranoj stranici dodan 3D model
strukture Zemlje (slika 4) za bolju vizualizaciju i ra-
zumijevanje grafike predstavljene u atlasu i kratki
video (slika 5) koji dopunjava dijagram oblika konti-
nenata i prikazuje tektonsku i paleogeografsku evo-
luciju Zemlje unatrag 540 milijuna godina.

Posljednja odabrana stranica iz atlasa u ovom
projektu prikazuje zone potresa na kopnu, pod vo-
dom i grebene oceana. Ovdje je proSirena informacija
kratka video lekcija koja pokazuje $to uzrokuje po-
trese i $to su njihove posljedice (slika 6).

U izradi krajnjeg proizvoda AR mobilne aplikacije
slijede zavrs$ni radni koraci:
= usporedba svih elemenata
= izbor projekcije, mjerila, scene i raspona
» dodatni efekti i animacije
= renderiranje.
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on the changing shape of the continents during the dif-
ferent stages of the Earth's history, the reasons for these
changes and the reason for the occurrence of earth-
quakes. Then, with the help of the created mobile ap-
plication for augmented reality, additional information
was added to the school atlas. The mobile application
was installed on a tablet, through which the added in-
formation was visualized - two 3D models, a short video,
supplementing the diagram in the school atlas for the
shape of the continents and a short video tutorial show-
ing what causes earthquakes and their consequences.

The children were acquainted with this new
technology, it was explained to them how it works,
and the lesson was enriched. A short test was cre-
ated, with questions tailored to the students’ age and
their previous knowledge.

The first question "Do you use maps in ‘Man and Soci-
ety’ lessons?" aims to draw children's attention to
something familiar, namely ‘Man and Society’ lessons.
The second question, "List the continents of the world" is to
assess the students' current knowledge. Question 3,
“Was the shape of the continents different millions of years
ago?” is the first main question. When we receive the
correct answer to question 3, it will consider the data
from question 4, “How did you know that the shape of the
continents has changed?” Here three possible answers are
available ("From the diagram in the atlas", "from the
teacher’s lesson" and "from the video on the tablet").
The student can choose all three answers. Question 5,
“What is the cause of earthquakes?” is the second main
question and with a correct answer the results of the
last question 6 are considered, where again the student
can choose all three answers.

The purpose of this test was to assess the ac-
quired new knowledge and in particular the way in
which students learned: whether they find learning
with this new technology really interesting; whether
it complements the knowledge of the standard les-
son; and, finally, its future integration into the cur-
riculum. After getting acquainted with the lesson
and with additional information using the new aug-
mented reality technology, all children from both
groups complete the test on their own (Figure 7).

The results are processed and presented in the fig-
ures below. To the first basic question, "Was the shape
of the continents different millions of years ago?", all
students answered in the affirmative, and 97% of them
(29 children out of 30) said they learned this thanks to
the new technology - the added video visualised on the
tablet. 43% of them (13 children) cite the teacher's ex-
planations as the reason and 13% (4 children) choose
the atlas scheme as their answer (Figure 8).

To the second main question "What is the cause of
earthquakes?”, 97% of all students answer positively.
90% of them (27 children out of 30) say they learned this
thanks to the new technology - the added video, visual-
ized via the tablet. 50% of them (15 children) cite the
teacher's explanations as the reason, and only 3% (1
child) choose the atlas scheme as the answer (Figure 9).

In our research we combined specific questions for
easy understanding of complicated information. The res-
ults show the positive result of this approach. Some au-
thors, such as Bartz (1971), proposed an approach to
designing maps for children, in which the visual elements
are related to intellectually presented spatial informa-
tion associated with specific tasks for using the map.
Nowadays this is not that difficult to achieve by using AR
technology. The achievement in this experiment shows
how cartographers can use new technologies and im-
prove traditional school cartography. This is an answer
to Nunez'’s (2020) question as to how we can help children
to better understand maps and incite their interest in
them while increasing the students' learning ability like
in other atlas use experiments (Bugdayci, Silvi 2021).

Conclusions

Creating an AR application is an extremely complex
and time-consuming process. AR has extensive applica-
tion and can be of benefit for many different users. The
challenges in creating and adding augmented reality to
school atlases still include not only data collection,
modelling, design and visualization, but the use of AR as
well in a useful way from an educational point of view to
become a tool to increase motivation for learning, a tool
for quality teaching and learning. The results of the ex-
periment show that children need information to be
presented in an interesting and more understandable
way, to motivate them and to attract their attention,
and this new technology in combination with accepted
teaching methods is a perfect way to accomplish this.

This project provided evidence that students
could understand correctly very difficult geograph-
ical topics. Another benefit is that students wanted
to learn more and look for additional information on
the given topic. Moreover, they had an interest in
the technology we used to present the information
to them. Their curiosity increased towards acquiring
new knowledge, as well as towards practical skills for
the development and use of new technologies.

Our future tasks are to expand this project with
more topics for information visualization, not only
in school cartography but also for other needs and

users of maps and cartographical products.
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4. PoteSkocée u primjeni AR-a na Skolski atlas

Stranice se papirnatog atlasa dobro prepoznaju i
pradenje kretanja kamere je ucinkovito pa se doda-
ne informacije gotovo odmah prikazuju na tabletu.
Medutim, digitalne vizualizacije pocinju treperiti
kada kut izmedu kamere i papirne karte postane
preostar. Taj se problem spominje na portalu za
programere Vuforia, ali se ne preporucuje rjeSenje
(Vuforia 2021).

Deformirani otisnuti listovi atlasa jo§ su jedan
problem jer uzrokuju pogre$no pozicioniranje doda-
nog sadrzaja. To je zbog pretpostavke ravne slike ko-
ju ne daju karte smjeStene na dvjema stranicama.
Cini se da Vuforia Engine postavlja virtualni objekt
na najveli prepoznati dio karte. U slu¢aju karata na
dvjema stranicama pozicioniranje dobro funkcionira
na jednoj stranici, dok je na drugoj stranici greska u
visini i mjerilu. Isti su problem otkrili i drugi autori
(Schniirer i sur. 2020). Do preklapanja elemenata
karte moze do¢i kada se poveda udaljenost izmedu
tableta i otisnute karte. Primjena generalizacije
ovisno o udaljenosti gledanja moZe smanjiti zaguse-
nje ovih elemenata na karti.

Poznajuéi probleme, nastojimo izbjeci nedostatke
AR tehnologije i prezentirati sadrzaj uCenicima na
atraktivan i razumljiv nacin. Radi toga smo napravili
eksperiment u skladu s njihovim razumijevanjem no-
vih informacija prezentiranih na inovativan nacin.

5. Anketiranje ucenika o njihovom razumijevanju
tema Skolskog atlasa proSirene stvarnosti

Da bi se proucdilo kako ulenici percipiraju Skolski
atlas s AR-om, odrZan je sat sa 30 djece, uzrasta 9 - 10
godina, iz tre¢eg razreda 125. §kole u Sofiji. Zeljeli smo
istraziti kako ucenici najlakse i naju¢inkovitije perci-
piraju nove informacije mjerenjem nekoliko varijabli,
kao $to su motivacija, predanost, percepcija i u¢inko-
vitost ucenja. Poseban je fokus bio potencijalna upo-
treba proSirene stvarnosti u Skolskom sustavu u
Bugarskoj.

TraZen je pristup za prezentiranje sloZenih i do-
datnih informacija iz atlasa za 8. razred ucenicima 3.
razreda. Cilj je razumjeti hoce li studenti mo¢i bara-
tati sloZenim materijalom uz pomo¢ AR-a koji bi po-
mogao Citanju i lak§em razumijevanju informacija u
atlasu. Nacin prezentiranja informacija za nastavu
vi§ih razreda najmladim uéenicima nije nov. Jirout i
Newcombe (2014) koriste karte u mjerilu kao priliku
za razvoj prostornog razmisljanja djece od 4-5 godi-
na. Nunez i Szabo (2011) podrZavaju edukaciju s
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Slika 8. Rezultati odgovora na prvo glavno pitanje: Je /i
oblik kontinenata bio drugaciji prije milijuna godina?.
Fig. 8 Results from the answers to the first main question,
“Was the shape of the continents different millions of
years ago?”.
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Slika 9. Rezultati odgovora na drugo glavno pitanje: Sto je
uzrok potresa?.
Fig. 9 Results from the answers to the second main
question, “What is the cause of earthquakes?".
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pomocu web stranice o kartama za djecu i redovito
aZuriraju njezin sadrzaj.

Djeca su podijeljena u dvije grupe od po 15 osoba.
Uz pomo¢ $kolskog atlasa odrzana je kratka lekcija o
promjeni oblika kontinenata u razli¢itim fazama
Zemljine povijesti, razlozima tih promjena i razlozi-
ma nastanka potresa. Zatim su uz pomo¢ izradene
mobilne aplikacije za prosirenu stvarnost dodane
dodatne informacije u $kolski atlas. Mobilna je apli-
kacija instalirana na tablet putem kojega su vizuali-
zirane dodane informacije - dva 3D modela, kratki
video, dopuna dijagrama u $kolskom atlasu za oblik
kontinenata te kratki video tutorial koji prikazuje
uzroke potresa i njihove posljedice.

Djeca su upoznata s novom tehnologijom, pojas-
njeno im je kako funkcionira te je nastava obogace-
na. Napravljen je kratki test s pitanjima prilagodeni-
ma ucenickoj dobi i njihovu predznanju.

Prvo pitanje Koristite li se kartama u nastavi predmeta
Covjek i drustvo? imalo je za cilj skrenuti pozornost
djece na nesto poznato, a to je predmet Covjek i drus-
tvo. Drugim pitanjem, Navedite kontinente svijeta. Zeljelo
se procijeniti trenutacno znanje uenika. Prvo glavno
pitanje bilo je Je li oblik kontinenata bio drugaciji prije mili-
jun godina?. Kada dobijemo to¢an odgovor na trece pi-
tanje, u obzir e se uzeti podatci iz pitanja broj 4 Kako
ste znali da se oblik kontinenata promijenio? Ovdje su dos-
tupna tri moguéa odgovora ("Iz dijagrama u atlasu",
"iz lekcije ucitelja" i "iz videa na tabletu"). U¢enik mo-
Ze izabrati sva tri odgovora. Peto pitanje Sto je uzrok po-
tresa? drugo je glavno pitanje i s to¢nim odgovorom u
obzir se uzimaju rezultati posljednjeg, Sestog pitanja,
gdje opet student moZe izabrati sva tri odgovora.

Svrha ovoga testa bila je procijeniti ste¢ena nova
znanja, a posebno nacin na koji su uenici naudili je li
poucavanje ovom novom tehnologijom doista zanim-
ljivo, nadopunjuje li znanje standardnog sata i njegovu
buduéu integraciju u nastavni program. Nakon preda-
vanja i dodatnih informacija s pomoéu nove tehnolo-
gije proSirene stvarnosti sva djeca iz obiju grupa
samostalno odgovaraju na pitanja u testu (slika 7).

Rezultati su obradeni i prikazani na slikama u
nastavku. Na prvo osnovno pitanje Je li oblik kontine-
nata bio drugaciji prije milijune godina? svi su ucenici
odgovorili potvrdno, a njih 97% (29 djece od 30) reklo
je da su to naucili zahvaljujuéi novoj tehnologiji - vi-
deu na tabletu. Njih 43% (13 djece) kao razlog navodi
objasnjenja ucitelja, a 13% (Cetvero djece) odabire
atlasnu shemu za odgovor (slika 8).
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Na drugo glavno pitanje Sto je uzrok potresa? 97%
svih ulenika odgovorilo je pozitivno. Njih 90% (27
djece od 30) reklo je da su to naudili zahvaljujuéi no-
voj tehnologiji - dodanom videu, vizualiziranom pu-
tem tableta. Njih 50% (15 djece) kao razlog navodi
objasnjenja ucitelja, a samo 3% ili 1 dijete za odgovor
bira shemu atlasa (slika 9).

U naSem smo istrazivanju kombinirali specific-
na pitanja za lakSe razumijevanje kompliciranih
informacija. Rezultati pokazuju pozitivan rezultat
ovog pristupa. Neki autori, poput Bartza (1971),
predlozili su pristup oblikovanju karata za djecu u
kojem su vizualni elementi povezani s intelektual-
no prezentiranim prostornim informacijama veza-
nima uz specificne zadatke za koriStenje karte.
Danas to nije tako tesko posti¢i koriStenjem AR
tehnologije. Postignué¢e u ovom eksperimentu po-
kazuje kako kartografi koriste nove tehnologije i
poboljsavaju tradicionalnu $kolsku kartografiju. To
je odgovor na pitanja Nuneza (2020) kako moZemo
pomodi djeci da bolje razumiju karte i probude
svoje zanimanje te da pove¢amo sposobnost ucenja
uéenika kao u drugim eksperimentima o upotrebi
atlasa (Bugdayci, Silvi 2021).

6. Zaklju€ci

Izrada AR aplikacije iznimno je sloZen i dugotra-
jan proces. AR ima bogatu primjenu i moze biti ko-
risna mnogim razli¢itim korisnicima. Izazovi u
stvaranju i dodavanju proSirene stvarnosti u Skolski
atlas jo$ uvijek nisu samo prikupljanje podataka,
modeliranje, dizajn i vizualizacija, veé i koriStenje
AR-a na koristan naclin s obrazovne tocke gledista
kako bi postao alat za povelanje motivacije za uce-
nje, alat za kvalitetno poucavanje i ucenje. Rezultati
eksperimenta pokazuju da djeci informacije trebaju
biti prezentirane na zanimljiv i razumljiv na¢in, mo-
tivirati ih i privuéi njihovu pozornost, a nova je teh-
nologija u kombinaciji s prihvaéenim metodama
poucavanja savr$en nacin za to.

Ovaj je projekt pokazao da ucenici mogu na ispra-
van nalin razumjeti vrlo teske geografske teme.
Druga je dobit $to ucenici Zele nauditi jo$ vise i traze
dodatne informacije o zadanoj temi. Stovise, oni su
zainteresirani za tehnologiju kojom smo im predsta-
vili informacije. Povecava se njihova znatiZelja pre-
ma stjecanju novih znanja, ali i prakti¢nim vjestina-
ma za razvoj i upotrebu novih tehnologija.






