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Abstract

3D imaging systems have given rise to concepts such as holograms and virtual and
augmented reality. One of the areas of use of holograms, which we encounter in
various fields in our daily lives, is education. Hologram technology shortens and
even accelerates the learning and perception processes by supporting them with visual
elements, turning holograms into useful educational technology. Although there have
been many studies on hologram technology to date, there are very few studies on
using this technology as a course material and its contribution to the educational
environment. This study aims to examine how hologram technology as a type of
visual communication can be used in the educational environment and what its
benefits might be. For this purpose, a hologram application was prepared for the
Perspective module taught in the Basic Art Education course offered at the high school
level and was used as a course material. Throughout the research, perspective as a
topic was taught to tenth-grade high school students taking the Basic Art Education
course using the hologram application prepared as a course material. As a result, it
was observed that the experimental group, which was taught the module using the
hologram application, demonstrated a higher success rate and a better understanding
of the module. In conclusion, it can be inferred that using a technological method,
such as a hologram, leads to more effective outcomes in comparison with traditional
teaching methods.

Key words: education; hologram technology; three-dimensional (3D); two-
dimensional (2D); visual communication.

Introduction

Technology is the public knowledge of producing goods or services (Atabek, 2001).
As a combination of technical purposes and methods developed by people to dominate
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nature using science, technology shows us what the ever-evolving human brain and
imagination can do. As their needs increase, people develop their knowledge and skills
in line with their own needs, and at the same time, they change and develop technology
with the purpose of finding something different and new. Nowadays, technology has
long surpassed the point of meeting all the needs necessary for people to continue
their daily lives and has become a way to find a new world to live in (Kulzhanova et
al., 2020; Roztokci et al. 2019).

Techniques and technologies developed in line with needs have led to the rapid
advancement of communication and information technologies. Moreover, with the
development of computer technology, various technologies which we can use in our
daily lives have emerged. While this situation has accelerated the fulfillment of needs, it
has also contributed to the development of technology itself. Today, the 3D rendering
of computer-generated media and the use of 3D technologies in this direction help
increase the effect of visual elements and strengthen the visuals (Chibaca & Crespo,
2019). These technologies include augmented reality, virtual reality, mixed reality, and
hologram techniques and technologies. With such technologies, the events and facts
to be told have become much easier to explain and understand.

The word hologram combines the Greek words holos (the whole image) and gram
(written). The basis of a hologram, which is also defined as the display technology that
allows the 3D image of an object to be viewed spatially from the bottom, top, and sides
(TRT, 2015), relies on simple optical principles. The trick of the hologram is to use a
unique method to record the optical information of the scene (Kasper & Feller, 1987).
A hologram, which can be thought of as a picture made of laser light, contains all the
optical information on any object that even the eye has difficulty distinguishing. In
this context, the difference between a hologram and a photograph is that the hologram
plate does not record the image of the objects but the information necessary to obtain
that image (Aritan, 1990).

The hologram is based on the mixed pattern theory of Nobel laureate Dennis
Gabor. In 1947, Gabor, trying to find a way to eliminate the magnetic errors of
electron microscopes, wanted to record the shape of electron waves and correct it
with optical waves obtained from a special glass, as the lenses distort the shape of
spherical electron waves coming from point objects (Ecevit, 2009). In 1962, Yuri
Nikolayevich Denisyuk, a Soviet physicist, combined Lippman’s color photography
technique with Gabor’s holography to discover the “white-light reflection hologram”,
also known as the “Lippman hologram”, which was recorded with a laser and visible
at standard white light for the first time (Toal, 2012). In 1968, Dr. Stephen Anthony
Benton invented a type of transparent hologram known as the “rainbow hologram” or
“Benton hologram”, which is still used in credit cards today. In 1971, McDonnell Douglas
produced a hologram portrait of Gabor with a red-colored fine pulsed laser beam
(<20 nanoseconds) (Hariharan, 2002). Furthermore, in 1972, Lloyd Cross succeeded
in making 3D motion cinema by combining “white-light transmission holography”
and the already known cinema recording technique (Ecevit, 2009).
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Holograms are produced from precision optics and unique photosensitive materials
exposed to laser light (Chibaca & Crespo, 2019; Mawardani et al., 2021; Ramlie et al.,
2020). After the first hologram is produced in the laboratory, the “master” is reproduced
in many formats according to the designed application areas and the quantities needed.
The object to be photographed is first developed in a laser beam to produce a hologram.
The laser beam is split in two; while one part illuminates the object, then bounces off
and hits the film or a plate in front of the object, the other part, called the reference
beam, is directed by mirrors and lenses to illuminate the film. When the hologram is
developed, it looks like a meaningless swirl of light and dark lines. However, as soon as
another laser beam illuminates the developed film, a 3D image of the original object
appears. The holographic film is then developed into a black-and-white photograph.
Once the process is completed and dried, the hologram is ready to be seen. This series
of processes results in a laser-imaged “master” hologram.

Hologram technology is used in many different areas of daily life, from bank cards,
security solutions, passports, textile products, concert and show tickets, ID cards,
pictures, product and brand documents, CD, cassettes, and visual shows (Hwang et al.,
2014). In fact, the hologram is now an advanced technology used in airplane instrument
panels as holographic data storage, optical pattern recognition, and the digital camera
focusing systems (Donnelly, 2007). Hologram, made inimitable by today’s technological
possibilities, has become the most preferred technique in terms of security.

This technology, which is also used in the education process that is in a different
position from all fields stated above, causes information to be transferred quickly,
enables us to use the knowledge and skills efficiently, and thus affects learning in
a positive way. Its importance is indisputable, especially for visual communication
design education, where visuality is at the forefront.

Holograms as educational technology

In his book “Egitim Teknolojisi ve Ogretim” (1994), Cilenti states that the more
sensory organs are involved in the learning process, the better we learn and the better
knowledge retention is, based on Edgar Dale’s Cone of Experience. Considering that
83 % of what we learn is perceived through sight, 10 % through hearing, 4 % through
smell, 2 % through touch, and 1 % through taste, the importance of the sense of sight in
education for both instructors and students cannot be denied (Birkeland Wilhelmsen &
Felder, 2021; Shabiralyani et al., 2015; Strazdina, 2021). In this context, using computers
and computer-generated media as educational technology increases its importance.

This once again demonstrates the importance of educational technology. Tas (2011)
explains educational technology as follows:

“Educational technology is a dynamic process focused on the systematic design,
implementation, evaluation, and development of teaching-learning processes in
order to enrich every stage of education, to encourage individuals in education to
learn and teach, to facilitate learning and to motivate students based on the results of
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educational theory and research with the aim of providing a more efficient teaching-
learning environment” (p. 10).

Today, the hologram is a technology included in educational technologies. It is seen
that 3D techniques, which visually strengthen the power of learning, are also used
in different courses in the educational environment, apart from being used while
teaching students.

In 2000, the image of Catharine Darnton, a Math teacher, was teleported at a short
distance. The teleportation was carried out by Edex, the largest internet company in
the UK, in the exhibition hall of a school in South London (BBC, 2000).

Sudeep Upadhye, a faculty member at the Vidya Vikas Institute of Technology in
India, emphasized the importance of using 3D hologram technology in the educational
environment in a study conducted with 200 participants in 2012 (Upadhye, 2018).
In his study, Upadhye investigated whether hologram technology is an effective tool
for teachers. His aim was to identify the challenges that would make it difficult to use
holograms in a 3D learning environment. In the study, 68 % of the teachers argued
that the 3D hologram was an effective tool, while 32 % said that it would not change
education but could be helpful for teaching (Upadhye, 2018). On the other hand,
Aslan and Erdogan (2017) found that hologram technology contributes to students’
rapid learning and that it supports permanent learning. Another study stated that
the hologram provides an ideal learning environment for face-to-face education and
effectively corrects various conceptual errors (Chen & Wang, 2015).

In addition to all these, a hologram also has disadvantages. While Upadhye (2018)
mentioned the high cost of holograms and the need for a fast Internet connection in
his study, Lee (2013) found that although it has excellent visual impact, the hologram
causes problems such as creating a high-quality 3D image, visual fatigue, and application
planning.

As in many educational and training environments, hologram technology can be used
as a course material in institutions for arts education. Unlike the standard educational
materials, hologram technology is thought to improve students’ readiness, motivation,
and understanding of the lecture as it has visual content (Shabiralyani et al., 2015;
Strazdina, 2021). The hologram, which can be perceived in 3D due to its technology,
allows an object or artistic work to be seen and examined in detail. In this respect, a
hologram is a much more effective technique than a photograph. In photography, the
image is obtained in 2D with the help of light, while it is obtained in 3D in holograms
with the help of a laser.

Moreover, the hologram is a very suitable technique for examining works of art, as
well as making them accessible. A person who wants to see and examine the Aphrodite
sculpture in the Louvre Museum must go there, which is quite challenging in terms
of time and money. Yet, an Aphrodite sculpture created with the hologram technique
will be very useful for various purposes. For instance, hologram technology will
eliminate the financial and temporal requirements of traveling to the location of the
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sculpture. Besides, the sculpture created with hologram technology will also provide
the opportunity to be stored and used at any time. Hologram technology, which
increases the accessibility of such works of art, should be considered a new and suitable
technique to be used in educational environments, as it offers many opportunities,
such as indefinite examination, observation, and reproduction.

Methodology

Output is one of the key elements of the education system. Although the output
is expected to be consistent with the aims of the education system, there may be
occasional inconsistencies with the aims. Therefore, it is necessary to determine
whether the output is consistent with the aims, which can be done with educational
measurement (Gelbal, 2013).

This section presents the research model and processes of identifying the study group,
the preparation of measurement instruments, and data collection and analysis. This
study used quantitative research methods in accordance with its aims. The quantitative
research method was employed to determine the effect of visuals produced by hologram
technology on graphic students’ learning of the Perspective module. Holographic
visuals used as a course material consisted of samples photographed with laser and
included the depth of field and vanishing points necessary to explain the perspective.
This study hypothesizes that students who are taught the course using the hologram
technique should comprehend the topic more comprehensively than those taught
using traditional teaching methods.

Procedure

This study used a quasi-experimental research design with a pretest and posttest
with a control group to collect data (Karasar, 1984). It aimed to determine the effect
of holographic visuals on graphic students’ learning process and retention. Before the
experiment, pretests were given to the experimental and control groups of students
in the first week of the Perspective module of the Basic Art Education course. By
taking into consideration the opinions of the course teacher, the Perspective module
was prepared and taught with traditional methods in the control group. However,
holographic visuals were used as a course material in the Perspective module lecture
in the experimental group. Both groups were taught by the same teacher, who was
acquainted with holographic visuals, in order to minimize the potential differences
caused by the involvement of different teachers. After the experiment, posttests were
administered to students.

The author’s decision for choosing the Perspective module of the Basic Art Education
course is that, as stated by Yakar (2008), this course aims to provide students with the
common language of art/design, methods/techniques, knowledge of materials, and
most importantly, skills of “seeing,” “perceiving” and “problem-solving.” In addition, the
course with the highest number of hours and credits in design education programs is
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the Basic Art Education course. Moreover, the author examined the modules and the
content of the Basic Art Education course in the curriculum. The module in which
holographic visuals could be used as a course material was identified. In addition, the
opinions of teachers teaching Basic Art Education in high schools and art professors
from Gazi University Faculty of Vocational Education were obtained. As a result, it
was determined to use the hologram as course material in the Perspective module.
While teaching the Perspective module, technical concepts related to the subject were
explained to the experimental group using printed holograms (Figure 1). A total of
12 printed hologram visuals were used during the teaching process. Then, the author
prepared a preliminary test consisting of 52 questions to determine the reliability
of the pretest questions in the experiment. This preliminary test was prepared to
determine the knowledge level of students who had not been taught the Perspective
module before. Before the experiment, this preliminary test was given to 104 10th-
grade students at Ziibeyde Hanim Girls’ Anatolian Technical and Vocational High
School and Etimesgut Girls’ Anatolian Technical and Vocational High School.

It should be noted that although the name of these schools indicates that the schools
comprise only female students, these types of schools in Turkey provide education
to both male and female students. After the test, the results were analyzed, and 28
questions with a mean score below 0.5 were eliminated. Consequently, a pretest with
24 questions was obtained (the examples of the questions are provided in Annex 1).
The students were graded from 0 to 100 points.

Figure 1. Examples from the hologram visuals used in the study

Since these images are exposed using a laser, they cannot be seen clearly when
photographed. However, when viewed with the naked eye in the printed form, it is
possible to see the depth of field and objects clearly.

This study’s control and experimental groups consisted of 10th-grade students from
the Department of Graphics and Photography at Gaziosmanpasa Girls’ Anatolian
Technical and Vocational High School in Ankara, Turkey. As mentioned earlier, the
study group included male and female students, despite the school’s name, with an
average age of 15-16. Students from this department were selected because they took
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the Perspective module of the Basic Art Education course for the first time. According
to the class sizes, 20 (twenty) students from the 10-AG Class were designated as the
experimental group, while 19 (nineteen) students from the 10-MG Class were designated
as the control group in this study.

Instruments

Following the designation of the groups, the pretest was given to 10-AG and 10-
MG students at Gaziosmanpasa Girls’ Anatolian Technical and Vocational High
School. For the analysis of the test, the t-test was used. The t-test is a statistical test
that compares the means of two groups in a study (Kim, 2015). After the pretest, a
t-test for the independent group was applied to check whether there was a difference
between the pretest scores of the groups. Once the education period was completed, a
posttest was given to both groups to measure the outcomes. A t-test for the difference
between the mean values in dependent groups was applied to understand whether
the experimental and control groups’ achievement scores obtained from the pretest
and posttests differed. Also, the dependent samples t-test was used to analyze whether
there was a significant difference between the groups’ pretest and posttest scores.

Results and discussion

In this section, the findings obtained from the analyzed data are presented. Explanations
are made by showing the data in tables, and the results are interpreted. However, it
should be noted that since these experimental and control groups, who were learning
the Perspective module for the first time, were randomly selected classes from the
school selected for the study, there is a difference in the number of students in the
groups, which constitutes a limitation for the study. Furthermore, the fact that the
multiple t-test has a margin of Type-I error of 5 % should be considered.

The result of the comparison for the t-test for independent group pretest scores
analysis is presented in Table 1. In the pretest, the control and experimental groups
answered 24 questions with mean scores of 14.18 and 18.09, respectively.

Table1
Comparison of pretest scores of students in experimental and control group
Pretest Group N Mean SD t df p
Achievement Experimental 20 18.79 3.10
Score 4.033 37 0.000*
Control 19 14.18 2.88
*p<0.05

It is understood from Table 1 that there was a significant difference between the
pretest scores of the groups at the 0.05 level. The fact that the difference in pretest
scores was significant means that the experimental and control groups were different
in terms of the measured property. In addition, Cohen’s D test was applied to the
pretest scores of both groups, and the value of 1.54 was obtained.
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The results of the dependent samples t-test to show the difference between the pretest
and posttest achievement scores in the experimental group are presented in Table 2.

Table 2
Difference between the pretest and posttest scores of the students in the experimental group
Group Test N Mean SD t df p
Pretest 20 18.79 2.88
Experimental -7.260 16 0.000*
Posttest 20 20.68 0.94
*p < 0.05

It is seen that posttest achievement scores of the experimental group students (M=20.68)
were higher than their pretest achievement scores (M=18.79). Also, a statistically
significant difference was found between their pretest and posttest achievement scores
(p<0.05). This difference militates in favor of the posttest achievement scores of the
experimental group students. In other words, it can be inferred that students’ success
increased in lectures in which holographic visuals were used.

The results of the dependent samples t-test used to analyze whether there was a
significant difference between the control group’s pretest and posttest achievement
scores are demonstrated in Table 3.

Table 3
Comparison of pretest and posttest achievement scores of control group students
Group Test N Mean SD t df p
Control Pretest 19 14.18 1.90
-3.229 18 0.005*
Posttest 19 19.53 2.75
*p < 0.05

It is seen that posttest achievement scores of the control group students (M=19.53)
were higher than their pretest achievement scores (M=14.18). In addition, a statistically
significant difference was found between their pretest and posttest achievement scores
(p<0.05). This difference militates in favor of the posttest achievement scores of the
control group students. In other words, it can be inferred that the use of traditional
methods in the lecture also positively affected students’ success.

As can be seen in Table 1, there was a significant difference in favor of the control
group between the pretest achievement scores of the experimental group students in
which the lecture was delivered using 3D and hologram technologies and those of the
control group students in which the lecture was delivered using the traditional method.

It was observed that the pretest achievement scores of the experimental group students
(M=18.79), in which the lecture was delivered using 3D and hologram technologies,
were higher than those of the control group students (M=14.18), in which the lecture
was delivered using the traditional method. A statistically significant difference was
found between the mean pretest achievement scores of the experimental and control
group students (p<0.05).

492



Croatian Journal of Education, Vol.26; No.2/2024, pages: 485-507

Whether the experiment to be applied to the experimental group would eliminate
this difference was decided by comparing the posttest scores. The posttest and retention
scores of the groups were also analyzed with independent samples t-test. After the
pretest was administered to the students in the experimental group, the Perspective
module was taught for the first time with course materials, including holograms and
hologram technologies, and the posttest was applied after the lectures were over.

Whether there was a significant difference between the posttest achievement scores
of the students in the experimental and control groups was analyzed by t-test for
independent samples, and the results are shown in Table 4.

Table 4
Posttest achievement scores of experimental and control group students
Posttest Group N Mean SD t df p
Achievement  Experimental 20 20.,68 2.75
Score 1.645 34 0.109
Control 19 19.53 0.94
*p<0.05

It was observed that the posttest achievement scores of the control group (M=19.53)
were lower than those of the experimental group students (M=20.68). However, there
was no statistically significant difference between the mean posttest achievement
scores of the experimental and control groups (p>0.05). In addition, Cohen’s D test
was applied to the posttest scores of both groups, and the value of 0.56 was obtained.
Although the experimental group students had better pretest achievement scores than
the control group students, the fact that there was no significant difference between
the posttest achievement scores of both groups after the education program was
implemented indicates that the education program improved the students’ knowledge.
Therefore, it can be stated that using 3D and hologram techniques in the lecture was
an important factor in increasing students’ success.

Furthermore, the students and teachers involved in the study expressed positive
opinions about the use of hologram technology as a course material. It was observed
that the use of a technological material in addition to traditional course materials
additionally motivated the students.

Conclusion

In this study, both groups were taught the Perspective module of the Basic Art
Education course. While the course material with hologram and hologram technology
examples was used in the experimental group, traditional teaching methods (e.g.,
overhead projector, ruler, caliper, miter, etc.) were used in the control group.

A pretest was given to the groups before the experiment. After the implementation
of the education programme, a posttest was administered to both groups to assess their
knowledge of the module. As a result of the posttest, a statistically significant difference
was not found between the groups. The control group answered the questions with a
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mean score of 19.53, while the mean score of the experimental group was 20.68. The
experimental group’s pretest and posttest achievement scores were measured at 18.79
and 20.68, successively, which indicates a slight increase. On the other hand, the control
group’s scores were 14.18 and 19.53, successively, which shows a higher increase.

The posttest success average of the groups was significantly remarkable. This
situation shows a subject mastery rate in both groups, and it can be observed that the
hologram technologies used with a new understanding of course material increased
the success rate.

Based on the results of this study, 3D and hologram technology can be used to
reinforce teaching methods for students to understand the theoretical and practical
information in art education courses. 3D and hologram technology can be used as a
course material and included in textbooks and curricula as it is seen that it enables
students to comprehend subjects effectively in a visual way. Also, more source material
and visuals supported with 3D visuals and holograms can be included in modules and
courses to enrich the theoretical subjects. However, the hologram is a technological
application produced with various scientific methods, so it is necessary to include
technical information on this technology in the lectures. 3D and hologram technologies
may also be used in other branches of art education as a course material to strengthen
the visual elements. However, it should be considered that the creation and use of
holographic material require technical hardware, which can be expensive. In addition,
not everyone may produce holographic material anywhere. The process requires
qualified persons with appropriate media to create and present the holographic material.
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Appendix

Horizon line Vanishing Point

Question 1. The table image shown above is an example of which of the following
types of perspective?

a) Single vanishing point perspective

b) Perspective with four vanishing points
¢) Circular perspective

d) Air perspective

e) Perspective with double vanishing point

Vanishing lines " Vanishing lines

Vanishing
Point

Horizon line

Vanishing Point

Question 2. The picture given above is an example of which of the following types
of perspective?

a) Air perspective

b) Single vanishing point perspective
¢) Circular perspective

d) Perspective without vanishing point
e) Two vanishing points perspective
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Koristenje hologramske tehnike
u obrazovnom okruzju: obrada
nastavnoga modula Perspektiva

Sazetak

Sustavi za 3D slike omogu(ili su rasprostranjenost pojmova kao sto su hologram
te virtualna i prosirena stvarnost. Hologrami su postali nasom svakodnevnicom,
a jedno od podrucja njihove primjene jest i obrazovanje. Hologramska tehnologija
skracuje i ubrzava procese ucenja i percepcije pomocu vizualnih elemenata te tako
hologrami postaju obrazovna tehnologija. Iako su do sada provedena mnogobrojna
istrazivanja o hologramskoj tehnologiji, tek se mali broj njih bavi koristenjem te
tehnologije kao nastavnoga materijala i njezinom vaznoséu u obrazovnom okruzju.
Cilj je ovoga istrazivanja utvrditi kako se hologramska tehnologija kao vrsta
vizualne komunikacije moze koristiti u obrazovnom okruzju te koje su njezine
moguce dobrobiti. S tim ciljem na umu, izradena je hologramska aplikacija za
modul Perspektiva, koji je dio predmeta Osnove umjetnosti na srednjoskolskoj razini.
Aplikacija je koristena kao nastavni materijal. Tijekom istraZivanja, perspektiva kao
tema obradena je s ucenicima desetoga razreda koji su odabrali predmet Osnove
umjetnosti, a hologramska aplikacija koristena je kao nastavni materijal. Rezultati
su pokazali da je eksperimentalna skupina, s kojom je modul Perspektiva obraden
pomocu hologramske aplikacije, ostvarila bolji uspjeh i bolje razumjela modul. Moze
se zakljuciti da primjena tehnologije kao $to je hologram vodi k boljem ostvarenju
ishoda nego $to je slucaj s primjenom tradicionalnih nastavnih metoda.

Kljucne rijeci: dvodimenzionalni (2D); hologramska tehnologija; obrazovanje;
trodimenzionalni (3D); vizualna komunikacija.

Uvod

Tehnologija podrazumijeva znanje javnosti o proizvodnji dobara i usluga (Atabek,
2001). Kao kombinacija tehnickih rjesenja i metoda koje su razvili ljudi kako bi dominirali
prirodom pomo¢u znanosti, tehnologija nam pokazuje $to sve ljudska masta i mozak,
koji neprestano raste i razvija se, mogu napraviti. Kako se ljudske potrebe povecavaju,
tako se u skladu s njima razvijaju i ljudske vjestine i znanja, a istovremeno se razvija
i mijenja tehnologija u potrazi za ne¢im drugacijim i novim. U danasnje je vrijeme
tehnologija uvelike nadmasila puko zadovoljenje svakodnevnih, jednostavnih potreba
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ljudi te postala na¢in pronalazenja novoga svijeta u kojem ¢emo zivjeti (Kulzhanova
i sur., 2020; Roztokci i sur. 2019).

Tehnike i tehnologije koje su se razvijale u skladu s potrebama dovele su do
brzoga napretka u komunikacijskoj i informati¢koj tehnologiji. Stovise, kroz razvoj
racunalne tehnologije pojavile su se i razne druge tehnologije koje mozemo koristiti
u svakodnevnom Zivotu. Takva je situacija ubrzala zadovoljenje potreba i doprinijela
razvoju same tehnologije. U danasnje vrijeme 3D prikazi medija izradenih pomocu
rac¢unala i upotreba 3D tehnologija pomazu pojacati u¢inak vizualnih elemenata i
ojacati vizualnu komponentu (Chibaca i Crespo, 2019). Te tehnologije obuhvacaju
prosirenu stvarnost, virtualnu stvarnost, mje$ovitu stvarnost te hologramske tehnike
i tehnologije, uz koje je lakse objasniti i razumjeti dogadaje i ¢injenice koje treba
prezentirati.

Rije¢ hologram kombinacija je grekih rijeci holos (cijela slika) i gram (zapis). Hologram
se zasniva na jednostavnim optickim principima, a moze se definirati kao tehnologija
prikaza koja nam omogucava pogled na 3D sliku nekoga predmeta u prostoru s njegove
donje, gornje i bo¢ne strane (TRT, 2015). Ono §to je bitno jest da se pri snimanju
holograma koristi jedinstvena metoda za snimanje opti¢kih podataka prizora (Kasper
i Feller, 1987). Hologram, koji mozemo zamisliti kao sliku koja se sastoji od laserskoga
svjetla, sadrzi sve opticke informacije o bilo kojem predmetu koje je tesko razaznati
golim okom. U tom kontekstu, razlika izmedu holograma i fotografije jest u tome $to
plocica holograma ne snima sliku predmeta nego informacije koje su potrebne da bi
se ta slika dobila (Aritan, 1990).

Hologram se temelji na teoriji mije$anoga uzorka ciji je autor dobitnik Nobelove
nagrade, Dennis Gabor. Godine 1947. Gabor je, traze¢i nacin eliminacije magnetskih
pogresaka u elektronskim mikroskopima, Zelio zabiljeZiti oblik elektronskih valova i
ispraviti ga optickim valovima dobivenima pomocu posebnoga stakla, jer lece iskre¢u
oblik sfernih elektronskih valova koji dolaze od zasiljenih predmeta (Ecevit, 2009).
Godine 1962. sovjetski fizi¢ar Yuri Nikolayevich Denisyuk kombinirao je Lippmanovu
tehniku fotografije u boji s Gaborovom holografijom te tako otkrio ,hologram s
refleksijom bijeloga svjetla” Taj se hologram jo§ naziva Lippmanovim hologramom,
a snimljen je laserom i prvi je put bio vidljiv pri obi¢nom bijelom svjetlu (Toal, 2012).
Godine 1968. dr. Stephen Anthony Benton izumio je vrstu transparentnoga holograma
koji se naziva ,,duginim hologramom” ili Bentonovim hologramom, a jo$ uvijek se
koristi u kreditnim karticama. Godine 1971. McDonnell Douglas izradio je Gaborov
hologramski portret s crvenom pulsiraju¢om laserskom zrakom (<20 nanosekundi)
(Hariharan, 2002). Nadalje, 1972. godine Lloydu Crossu poslo je za rukom izraditi
3D pokretni holografski film kombinirajuéi ,,holografiju prijenosa bijeloga svjetla” s
ve¢ poznatom tehnikom snimanja filmova (Ecevit, 2009).

Hologrami se izraduju pomocu precizne optike i jedinstvenih fotoosjetljivih
materijala koji se izlaZu laserskom svjetlu (Chibaca i Crespo, 2019; Mawardani i sur.,
2021; Ramlie i sur., 2020). Nakon $to se u laboratoriju izradi prvi hologram, taj se
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original reproducira u mnogim formatima, ovisno o podru¢jima primjene i potrebnim
koli¢inama. Predmet koji ¢e biti fotografiran prvo se izraduje u laserskoj zraci kako
bi se izradio hologram. Nakon toga laserska zraka dijeli se na dva dijela - dok jedan
dio osvjetljava predmet, a zatim se odbija i odlazi na film ili plo¢icu ispred predmeta,
drugi dio, koji nazivamo referentnom zrakom, usmjeravaju ogledala i le¢e kako bi se
osvijetlio film. Kada se hologram razvije, prvo izgleda kao nasumicni vrtlog svijetlih
i tamnih linija. Medutim, ¢im druga laserska zraka osvijetli razvijeni film, pojavljuje
se 3D slika izvornoga predmeta. Nakon toga se izraduje holografski film kao crno-
bijela fotografija. Kada je proces zavr$en, moze se vidjeti hologram. Rezultat ovoga
niza postupaka je glavni hologram izraden pomocu lasera.

Hologramska tehnologija svakodnevno se koristi u raznim podru¢jima, pocevsi
od bankovnih kartica, sigurnosnih rje$enja, putovnica, tekstilnih proizvoda, karata
za koncerte i za predstave, osobnih iskaznica, slika, dokumenata o proizvodima
i brandovima, CD-ova, kaseta pa sve do vizualnih prikaza (Hwang i sur., 2014).
Preciznije redeno, hologram je danas vrlo napredna tehnologija koja se koristi na
upravljackim plo¢ama zrakoplova za holografsku pohranu podataka, prepoznavanje
optickih uzoraka te sustav fokusiranja digitalnih kamera (Donnelly, 2007). Hologram,
koji je zbog suvremene napredne tehnologije tesko kopirati, postao je najomiljenijom
tehnikom upravo zbog sigurnosti.

Takva se tehnologija koristi i u obrazovnom procesu, koji se razlikuje od ostalih
ranije spomenutih podrudja. Omoguéava brz prijenos podataka, pomaze nam da
ucinkovito koristimo znanje i vjestine te tako pozitivno utjece na proces ucenja. Njezina
je vaznost neupitna, posebno u podrucju obrazovanja za vizualnu komunikaciju, pri
¢emu je vizualna komponenta u prvom planu.

Hologrami kao obrazovna tehnologija

Cilenti (1994) u svojoj knjizi ,,Obrazovna tehnologija i nastavni proces” tvrdi da §to
je vise osjetnih organa uklju¢eno u proces ucenja, to ¢emo bolje uditi i duze zadrzati
nauceno znanje. Njegova se tvrdnja temelji na ,,stoscu iskustva” Edgara Dalea. S
obzirom da 83 % onoga §to nauc¢imo primamo vidom, 10 % sluhom, 4 % mirisom,
2 % dodirom te 1 % okusom, vaZnost osjetila u obrazovanju od velike je vaznosti i
za nastavnike i za u¢enike (Birkeland Wilhelmsen i Felder, 2021; Shabiralyani i sur.,
2015; Strazdina, 2021). U tom kontekstu, koristenje ra¢unalno izradenih medija kao
obrazovne tehnologije ja¢a njegovu vaznost.

Time se jo$ jednom isti¢e vaznost obrazovne tehnologije. Tas (2011) na sljedeci
nacin obja$njava obrazovnu tehnologiju:

»Obrazovna tehnologija je dinamican proces fokusiran na sustavni dizajn, provedbu,
evaluaciju i razvoj procesa ucenja i poucavanja, kako bi se obogatila svaka faza obrazovanja,
potaknuli pojedinci na uenje i poucavanje, olaksalo ucenje te motiviralo ucenike na
temelju rezultata obrazovne teorije i istrazivanja, s ciljem osiguranja ucinkovitijega
okruzja za poucavanje i ucenje” (str. 10).
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U danasnje je vrijeme hologramska tehnologija uklju¢ena u obrazovnu tehnologiju.
Smatra se da se 3D tehnike, koje vizualno osnazuju proces ucenja, osim u nastavnom
procesu takoder koriste u raznim predmetima i te¢ajevima u obrazovnom okruzju.

Godine 2000. slika Catharine Darnton, nastavnice matematike, teleportirana je na
manjoj udaljenosti. Teleportaciju je provela najveca internetska kompanija u Velikoj
Britaniji, Edex, u dvorani jedne $kole u juznome dijelu Londonu (BBC, 2000).

Sudeep Upadhye, s Instituta za tehnologiju Vidya Vikas u Indiji, u istraZivanju
provedenome s 200 sudionika 2012. godine naglasava vaznost kori$tenja 3D hologramske
tehnologije u obrazovnom okruzju (Upadhye, 2018). U tom je istrazivanju ispitao je li
hologramska tehnologija u¢inkovit alat za nastavnike. Njegov je cilj bio utvrditi izazove
koji otezavaju primjenu holograma u 3D okruzju za ucenje. U istrazivanju je 68 %
nastavnika izrazilo misljenje da je 3D hologram ucinkovit alat, dok ih je 32 % misljenja
da hologram nece promijeniti obrazovanje, ali moze biti koristan u nastavnom procesu
(Upadhye, 2018). S druge pak strane, Aslan i Erdogan (2017) dosli su do saznanja da
hologramska tehnologija doprinosi brzem procesu u¢enja kod ucenika, $to pomaze
trajnom ucenju. U drugoj se studiji navodi da hologram omogucava idealno okruzje za
ucenje u obrazovnom procesu koje se odvija uzivo, licem u lice, te u¢inkovito ispravlja
razli¢ite konceptualne pogreske (Chen i Wang, 2015).

Osim toga, hologram ima i nedostataka. Dok je Upadhye (2018) u svojem istraZivanju
spomenuo visoke troSkove holograma i potrebu za brzim internetom, Lee (2013) je
u svojem istraZivanju utvrdio da hologram, iako ima odli¢an vizualni u¢inak, ima i
nedostatke. Na primjer, tesko je izraditi visokokvalitetne 3D slike, javlja se vizualni
umor i tesko je osmisliti aplikacije za njihovu uporabu.

Uz to $to se moze koristiti u raznim obrazovnim i edukativnim okruzejima,
hologramska tehnologija moze se koristiti i kao nastavni materijal u umjetnickim
obrazovnim institucijama. Za razliku od standardnih obrazovnih materijala, smatra
se da hologramska tehnologija poboljsava spremnost u¢enika i njihovu motivaciju te
im pomaze bolje razumjeti predavanje jer ima vizualni sadrzaj (Shabiralyani i sur.,
2015; Strazdina, 2021). Hologram, koji se moze smatrati oblikom 3D tehnologije,
omogucava detaljan pregled i analizu predmeta ili umjetnickoga djela. U tom smislu
hologram je puno ucinkovitija tehnika nego fotografija. Kod fotografije slika se dobiva
u 2D obliku pomocu svjetla, dok se u hologramu dobiva u 3D obliku pomocu lasera.

Stovise, hologram je tehnika koja je izuzetno pogodna za analizu umjetnickih djela,
a osim toga, ¢ini ih ilako dostupnima. Osoba koja Zeli vidjeti i analizirati kip Afrodite
u Louvreu mora onamo i oti¢i, §to moze biti problem zbog vremenskih i financijskih
ogranicenja. No, ako se kip Afrodite izradi pomo¢u hologramske tehnike, to moze biti
pogodno za razlicite svrhe. Na primjer, hologramska tehnologija moze otkloniti sva
ograni¢enja u smislu vremena i financija potrebnih za putovanje na lokaciju na kojoj
se kip nalazi. Osim toga, kip izraden pomoc¢u hologramske tehnologije takoder moze
biti sacuvan za daljnju upotrebu u buduénosti.
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Hologramska tehnologija, koja pove¢ava dostupnost takvih umjetnickih djela, trebala
bi se smatrati novom i pogodnom tehnikom koja ¢e se koristiti u obrazovnom okruzju
jer pruza mnoge mogucnosti poput neogranicene analize, promatranja i reprodukcije.

Metodologija

Rezultat je jedan od klju¢nih elemenata obrazovnoga sustava. Iako se ocekuje da je
rezultat u skladu s ciljevima obrazovnoga sustava, oni se povremeno mogu razlikovati.
Stoga je potrebno odrediti je li rezultat u skladu s ciljevima, $to se moze u¢initi pomo¢u
mjerenja koja se primjenjuju u obrazovanju (Gelbal, 2013).

U ovome dijelu rada prikazat ¢e se model istrazivanja i postupci odredivanja skupina
koje ¢e sudjelovati u istrazivanju, priprema mjernih instrumenata te prikupljanje i
obrada podataka. U ovome se istrazivanju koristila kvantitativna metoda, u skladu
s njegovim ciljevima. Kvantitativnha metoda istraZivanja kori$tena je kako bi se
odredio utjecaj vizualnih materijala, izradenih pomo¢u holografske tehnologije, na
proces ucenja kod ucenika koji u sklopu grafickoga obrazovanja prouc¢avaju modul
Perspektiva. Holografska vizualna pomagala kori$tena kao nastavni materijal sastojala
su se od uzoraka fotografiranih pomocu lasera te su obuhvatila dubinu prostora
i tocku nedogleda, koje su klju¢ne za obja$njavanje pojma perspektiva. Hipoteza
ovoga istrazivanja jest da bi u¢enici koji uce nastavne sadrzaje pomoc¢u hologramske
tehnike trebali detaljnije razumjeti temu nego ucenici koje se poucava primjenom
tradicionalnih nastavnih metoda.

Postupak

U ovome se istrazivanju koristio kvazieksperimentalni dizajn s predtestom i posttestom
u kontrolnoj skupini, s ciljem prikupljanja podataka (Karasar, 1984). Cilj je bio odrediti
utjecaj holografskih vizualnih materijala na proces ucenja i zadrzavanje znanja kod
ucenika koji uce o grafici. Prije eksperimenta, u¢enici u eksperimentalnoj i u kontrolnoj
skupini tijekom prvoga tjedna nastave modula Perspektiva u sklopu predmeta Osnove
umjetnosti rijedili su predtest. Uzimajuci u obzir misljenja predmetnoga nastavnika,
modul Perspektiva pripremljen je i izveden primjenom tradicionalnih nastavnih metoda
u kontrolnoj skupini. Medutim, holografski vizualni materijali kori$teni su kao nastavni
materijali u predavanjima u modulu Perspektiva u eksperimentalnoj skupini. Obje
skupine poucavao je isti nastavnik, upoznat s holografskim vizualnim materijalima,
kako bi se svele na najmanju mogu¢u mjeru razlike nastale zbog uklju¢enosti vise
nastavnika. S uéenicima je nakon eksperimenta proveden posttest.

Autor je svoju odluku o odabiru modula Perspektiva u sklopu nastavnoga predmeta
Osnove umjetnosti donio na temelju ¢injenice da taj nastavni predmet ima za cilj
ucenike upoznati sa zajednickim jezikom umjetnosti/dizajna, metodama/tehnikama,
dati im znanje o materijalima te, $to je najvaznije, razviti kod njih vjestine , gledanja’,
»percepcije”i,,rjeSavanja problema” S time se slaze i Yakar (2008). Osim toga, upravo
taj predmet ima najveci fond nastavnih sati i donosi najvise bodova u obrazovnom

502



Croatian Journal of Education, Vol.26; No.2/2024, pages: 485-507

programu za dizajn. Nadalje, autor je pregledao sve module i nastavni sadrzaj Osnova
umjetnosti u kurikulu te je nagao modul u kojemu se holografski vizualni materijali
mogu koristiti kao nastavni materijali. Nakon toga je ispitao misljenja nastavnika koji
poucavaju predmet Osnove umjetnosti u srednjim $kolama i profesora s Fakulteta
za strukovno obrazovanje na Sveucilistu Gazi te je donesena odluka da se hologram
moze koristiti kao nastavni materijal u modulu Perspektiva. Tijekom nastave u tome
modulu, u¢enicima u eksperimentalnoj skupini pomo¢u tiskanih holograma (Slika 1)
pojasnjeni su tehnicki koncepti povezani s temom. Tijekom nastavnoga procesa
koristeno je ukupno 12 hologramskih vizualnih materijala u tiskanom obliku. Nakon
toga je autor pripremio preliminarni test koji se sastojao od 52 pitanja, kako bi odredio
pouzdanost pitanja iz predtesta u eksperimentu. Ovaj je preliminarni test pripremljen s
ciljem utvrdivanja razine znanja u¢enika koji nisu prethodno u¢ili o pojmu perspektiva.
Preliminarni je test prije provedbe eksperimenta podijeljen uc¢enicima (104 u¢enika)
desetoga razreda Ziibeyde Hanim djevojacke tehnicke i strukovne srednje $kole u
Anatoliji i Etimesgut djevojacke tehnicke i strukovne srednje $kole u Anatoliji.
Bitno je napomenuti da iako ime ovih $kola upucuje na to da $kole pohadaju samo
djevojke, takve $kole u Turskoj pruzaju obrazovanje i mladi¢ima i djevojkama. Nakon
provedbe testa uslijedila je analiza rezultata te je eliminirano 28 pitanja sa srednjom
vrijedno$¢u ispod 0,5. Izradena je konac¢na verzija predtesta s 24 pitanja (primjeri pitanja
prikazani su u Prilogu 1). U¢enici su bili ocijenjeni s brojem bodova izmedu 0 i 100.

Slika 1

Kako su ove slike prikazane pomocu lasera, ne mogu se jasno vidjeti kada su
fotografirane. Medutim, kada se u tiskanom obliku gledaju golim okom, mogu se
jasno vidjeti dubina prostora i predmeti.

Kontrolnu i eksperimentalnu skupinu sacinjavali su uéenici desetoga razreda iz
Odjela za grafiku i fotografiju u Gaziosmanpasa anatolskoj djevojackoj tehnickoj i
strukovnoj srednjoj $koli u Ankari, u Turskoj. Kako je ve¢ ranije napomenuto, skupina
koja je sudjelovala u istrazivanju sastojala se i od mladi¢a i od djevojaka, unato¢ imenu
$kole, a prosje¢na dob ucenika kretala se izmedu 15 i 16 godina. Odabrani su ucenici
iz ovoga odjela upravo zato §to su po prvi put slusali modul Perspektiva u sklopu
nastavnoga predmeta Osnove umjetnosti. S obzirom na veli¢inu skupine, 20 ucenika iz
10-AG razreda svrstano je u eksperimentalnu skupinu, dok ih je 19 iz 10-MG razreda
svrstano u kontrolnu skupinu.

Instrumenti

Nakon podjele u¢enika u skupine, predtest je podijeljen ucenicima iz 10-AG i
10-MG razreda iz Gaziosmanpasa anatolske djevojacke tehnicke i strukovne srednje
$kole. Pri analizi rezultata koristen je t-test, statisticki test kojim se usporeduju srednje
vrijednosti dviju skupina u istrazivanju (Kim, 2015). Nakon predtesta proveden je t-test
za nezavisnu skupinu kako bi se utvrdilo postoji li razlika u rezultatima predtesta izmedu
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dviju skupina. Nakon zavrsetka modula, obje su skupine rijesile posttest kako bi se
izmjerili rezultati. Proveden je t-test za utvrdivanje razlike izmedu srednjih vrijednosti
zavisnih skupina, kako bi se ispitalo postoje li razlike u postignu¢ima na predtestu i
posttestu izmedu eksperimentalne i kontrolne skupine. Takoder je proveden i t-test
uzorka kako bi se ispitalo postoji li znacajna razlika izmedu rezultata obiju skupina
na predtestu i posttestu.

Rezultati i rasprava

U ovome dijelu prezentirat ¢e se rezultati dobiveni analizom podataka. Podatci su
prikazani u tablicama i popraceni interpretacijom. Medutim, potrebno je napomenuti
da zbog toga sto su eksperimentalna i kontrolna skupina, koje su po prvi put slusale
modul Perspektiva, nasumi¢no odabrane za sudjelovanje u istrazivanju, postoji
razlika u broju uéenika u skupinama, §to bi moglo predstavljati ograni¢enje ovoga
istrazivanja. Nadalje, trebala bi se razmotriti i ¢injenica da je vi§estruki t-test imao
marginu pogreske Tipa I od 5b %.

U Tablici 1 prikazan je rezultat usporedbe t-testa za analizu rezultata predtesta kod
nezavisne skupine. Na predtestu su i kontrolna i eksperimentalna skupina odgovorile na
24 pitanja sa srednjom vrijednostima od 14,18 i 18,09, za svaku skupinu pojedina¢no.

Tablica 1

Iz Tablice 1 moze se zakljuciti da postoji znacajna razlika u rezultatima predtesta u
objema skupinama, i to na razini od 0,05. Cinjenica da je ta razlika zna¢ajna upuéuje
na to da su eksperimentalna i kontrolna skupina razli¢ite u smislu izmjerenih svojstava.
Osim toga, proveden je i Cohenov D test na rezultatima predtesta obiju skupina te je
dobivena vrijednost od 1,54.

Rezultati t-testa za zavisne uzorke pokazuju razliku izmedu rezultata na predtestu
i posttestu u eksperimentalnoj skupini, $to je prikazano u Tablici 2.

Tablica 2

Motze se vidjeti da su rezultati postignuca na posttestu kod u¢enika u eksperimentalnoj
skupini (M = 20,68) bolji od njihovih postignuca na predtestu (M = 18,79). Takoder,
statisticki znacajna razlika uocena je izmedu rezultata na njihovom predtestu i posttestu
(p < 0,05). Ova razlika ide u prilog rezultatima posttesta kod uc¢enika u eksperimentalnoj
skupini. Drugim rije¢ima, moZe se zakljuciti da se uspjeh uéenika pobolj$ao nakon
predavanja u kojima su se koristili vizualni holografski materijali.

U Tablici 3 prikazani su rezultati t-testa za zavisne uzorke koji su se koristili kako
bi se ispitalo postoji li znacajna razlika izmedu rezultata na predtestu i posttestu kod
ucenika u kontrolnoj skupini.

Tablica 3

Moze se vidjeti da su rezultati postignuca na posttestu kod ucenika u kontrolnoj
skupini (M = 19,53) bili bolji od njihovih rezultata na predtestu (M = 14,18). K tomu,
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utvrdena je statisticki znacajna razlika izmedu njihovih rezultata na predtestu i posttestu
(p < 0,05). Ta razlika ide u prilog rezultatima postignuca na posttestu kod ucenika u
kontrolnoj skupini. Drugim rije¢ima, moze se zaklju¢iti da je primjena tradicionalnih
nastavnih metoda u predavanjima kod ucenika u ovoj skupini takoder imala pozitivan
utjecaj na njihov uspjeh.

Kako se moze vidjeti u Tablici 1, postoji znacajna razlika u korist kontrolne skupine
izmedu rezultata postignuca na predtestu kod ucenika iz eksperimentalne skupine, u
kojoj su se predavanja odrzavala uz primjenu 3D i hologramske tehnologije i u¢enika
iz kontrolne skupine, u kojoj su se predavanja odrzavala uz primjenu tradicionalnih
nastavnih metoda.

Uoceno je i da su rezultati predtesta kod ucenika iz eksperimentalne skupine
(M = 18,79), u kojoj su se predavanja odvijala primjenom 3D i hologramske tehnologije,
bili bolji od rezultata u¢enika iz kontrolne skupine (M = 14,18), u kojoj su se predavanja
odvijala primjenom tradicionalnih metoda. Utvrdena je statisti¢ki znacajna razlika
izmedu srednjih vrijednosti rezultata predtesta kod ucenika iz eksperimentalne i
kontrolne skupine (p < 0,05).

Je li eksperiment koji je kasnije primijenjen u eksperimentalnoj skupini eliminirao ovu
razliku utvrdeno je usporedbom rezultata posttesta. Rezultati posttesta i testa zadrzanoga
znanja u obje skupine takoder su analizirani t-testom za nezavisne uzorke. Nakon $to
je test proveden s ucenicima iz eksperimentalne skupine, modul Perspektiva po prvi
put je poucavan pomocu nastavnih materijala, uklju¢uju¢i hologram i hologramsku
tehnologiju, a posttest je proveden nakon $to su predavanja zavrsila.

T-testom za nezavisne uzorke ispitano je postoji li znacajna razlika izmedu rezultata
na posttestu kod ucenika iz eksperimentalne i kontrolne skupine, a rezultati su
prikazani u Tablici 4.

Tablica 4

Uoceno je da su rezultati posttesta kod u¢enika u kontrolnoj skupini (M = 19,53)
slabiji od rezultata uc¢enika u eksperimentalnoj skupini (M = 20,68). Medutim, nije
uocena statisticki znacajna razlika izmedu srednjih vrijednost rezultata postignuca
na posttestu u eksperimentalnoj i u kontrolnoj skupini (p > 0,05). K tomu, proveden
je Cohenov D test na rezultatima posttesta obiju skupina te je dobivena vrijednost
0d 0,56. Iako su ucenici u eksperimentalnoj skupini imali bolje rezultate na predtestu
nego ucenici iz kontrolne skupine, ¢injenica je da ne postoji statisticki znacajna
razlika izmedu rezultata na posttestu obiju skupina nakon provedbe obrazovnoga
programa, $to upucuje na to da je on unaprijedio znanje u¢enika. Stoga se moze re¢i
da je koristenje 3D i hologramske tehnike u predavanjima vazan faktor za postizanje
boljega uspjeha ucenika.

Nadalje, ucenici i nastavnici koji su sudjelovali u istrazivanju izrazili su pozitivna
misljenja o upotrebi hologramske tehnologije kao nastavnoga materijala. Uoc¢eno je da
upotreba tehnologije kao nastavnoga materijala, uz tradicionalne nastavne materijale,
doprinosi dodatnoj motivaciji u¢enika.
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Zakljucak

U ovome su istrazivanju obje skupine ucenika pratile modul Perspektiva u sklopu
nastavnoga predmeta Osnove umjetnosti. Dok su se u eksperimentalnoj skupini koristili
hologrami i hologramska tehnologija, u kontrolnoj su se skupini koristile tradicionalne
nastavne metode (npr. grafoskop, ravnalo, kaliper i kutnik).

Prije provedbe samoga eksperimenta u obje je skupine proveden predtest. Nakon
provedbe modula, u objema je skupinama proveden posttest kako bi se procijenilo
njihovo znanje o modulu. Rezultati posttesta nisu pokazali statisticki znacajnu razliku
izmedu skupina. Kontrolna je skupina odgovorila na pitanja i ostvarila srednji rezultat
0d 19,53, dok je srednji rezultat eksperimentalne skupine bio 20,68. Rezultati postignuca
na predtestu i posttestu u eksperimentalnoj skupini iznosili su 18,79 i 20,68, za svaki
test pojedinacno, $to upucuje na blagi porast. S druge strane, rezultati kontrolne skupine
bili su 14,181 19,53, za svaki test posebno, §to pokazuje veéi porast.

Prosjec¢ni uspjeh na posttestu u objema skupinama bio je izvanredan. Takva situacija
pokazuje da su ucenici u objema skupinama ovladali temom na visokoj razini te se
moze uociti da je hologramska tehnologija koristena kao nastavni materijal povecala
stopu uspjesnosti.

Na temelju rezultata ovoga istrazivanja moze se zaklju¢iti da se 3D i hologramska
tehnologija mogu Koristiti kao dodatne nastavne metode koje pomazu ucenicima
bolje razumjeti teoriju i praksu u nastavi umjetnosti. 3D i hologramska tehnologija
mogu se koristiti kao nastavni materijali i mogu se uvrstiti u udzbenike i kurikule jer
je uoceno da ona pomaze ucenicima bolje razumjeti temu na vizualni na¢in. Osim
toga, u module i nastavne predmete moglo bi se ukljuciti vi$e vizualnih materijala
popracenih 3D vizualnim elementima i hologramima kako bi se obogatili teorijski
sadrzaji. Medutim, hologram je tehnoloska aplikacija koja se izraduje pomo¢u razli¢itih
znanstvenih metoda pa je stoga neophodno u predavanja ukljuciti i tehnicke informacije
o toj tehnologiji. 3D i hologramske tehnologije mogu se koristiti i u drugim granama
u nastavi umjetnosti kao nastavni materijal i kao potpora vizualnim elementima.
No, potrebno je uzeti u obzir da izrada i upotreba holografskoga materijala zahtijeva
tehnicku podrsku, $to moze biti skupo. Uz to, holografski materijal ne moze proizvesti
bilo tko, bilo gdje. Taj proces zahtijeva angazman kvalificiranih osoba s odgovaraju¢im
sredstvima kako bi se izradio i prezentirao holografski materijal.
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Prilog

Tocka nestajanja

)

1. Pitanje: Slika stola prikazana iznad je primjer koje vrste perspektive?

a) perspektive s jednim nedogledom
b) perspektive s Cetiri nedogleda

c) kruzne perspektive

d) zra¢ne perspektive

e) perspektive s dva nedogleda

Pravac nestajanja *. Pravac nestajanja

Tocka
nestajanja

Tocka Linija horizonta

nestajanja

2. Pitanje: Slika iznad je primjer koje vrste perspektive?

a) zra¢ne perspektive

b) perspektive s jednim nedogledom
c) kruzne perspektive

d) perspektive bez to¢ke nedogleda
e) perspektive s dva nedogleda
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