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 A B S T R A C T 

Holographic projection is the new wave of technology that will change how we view things in the 

future; it will have tremendous effects on all fields of life including education and science. Generally, 

A Hologram is a 3D record of the positive interference of laser light waves. Technology of three-

dimensional hologram (3DH) involves spatial displays which detaches the display technology from 

the user and integrate it into the real environment. This research paper examines the essential 

information about 3D Hologram technology in or-der to understand the importance of this 

technology in learning .It highlights uses and advantages of 3D Hologram applications in various 

fields of education. Overall, this study shows that, 3D Hologram technol-ogy has a positive potential 

as educational tool and able to catch the students’ attention in learning envi-ronment. This paper is 

valuable for integrating 3D Hologram technology in Libyan higher education institu-tions. The 

challenges that facing this technology in implementation and the recommendations for future 

research are addressed at the end of the paper.  

 تقنية الهولوغرام ثلاثية الأبعاد في المؤسسات التعليمية الليبية في المستقبل: مراجعة
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 الكلمات المفتاحية:  

 3DHالتقنية  ثلاثية الأبعاد 

 التصوير المجسم

 التعليم

 الإسقاط الهولوغرافي

 التعلم

 الملخص 

سيكون لها  ل؛المستقبالإسقاط الهولوغرافي هو الموجة الجديدة من التكنولوجيا التي ستغير نظرتنا للأشياء في 

ي الهولوغرام هو سجل ثلاث عام،تأثيرات هائلة على جميع مجالات الحياة بما في ذلك التعليم والعلوم. بشكل 

( العروض المكانية 3DHالأبعاد للتداخل الإيجابي لموجات ضوء الليزر. تتضمن تقنية الهولوغرام ثلاثي الأبعاد )

ي البيئة الحقيقية. تتناول هذه الورقة البحثية المعلومات التي تفصل تقنية العرض عن المستخدم وتدمجها ف

ضوء على وتسلط ال التعلم،الأساسية حول تقنية الهولوغرام ثلاثية الأبعاد من أجل فهم أهمية هذه التقنية في 

ظه عام،استخدامات ومزايا تطبيقات الهولوغرام ثلاثية الأبعاد في مختلف مجالات التعليم. بشكل 
 
  ت
 
ر هذه  

اسة أن تقنية الهولوغرام ثلاثية الأبعاد لها إمكانات إيجابية كأداة تعليمية وقادرة على جذب انتباه الطلاب في الدر 

مة لدمج تقنية الهولوغرام ثلاثية الأبعاد في مؤسسات التعليم العالي الليبية. تم                                                                                                              بيئة التعلم. تعتبر هذه الورقة قي 

 لورقة.في التنفيذ والتوصيات الخاصة بالبحوث المستقبلية في نهاية ا تناول التحديات التي تواجه هذه التكنولوجيا

Introduction 

In the past, the traditional model of learning typically characterized 

as didactic instructions in which information is presented to students, 

in the traditional learning the teacher is the sole information giver, 

undertaking lectures for students and the students sitting in the 

classroom is passive recipients of information. The Information 

communication technology (ICT) has begun with computer 

integrated technology to provide knowledge to the students with the 

help of power point presentation, projector technology in classroom 

etc. Now, the time has changed such that interactive  learning  for the 

students is possible .  

Holograms differ from ordinary photographs, because the holograms 

record an extremely accurate three-dimensional (3D) image of the 

original object. A hologram is a three dimensional record of the 

positive interference of laser light waves [1]. The structure of a 

synthetic hologram is made of thousands of 3D computer graphic 

images corresponding to as much points of view on a three-

dimensional scene [2]. Holography takes us a step further by bringing 

the virtual environment into our physical presence. There are several 
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potentials and predictions of how the holography technology can be 

used as an educational tool in the future [3]. 

In this paper, we are discussing the use of interactive 3D holographic 

technology in the classroom in learning. Holography is the only 

technique that can record the full tri-dimensional quality of an object, 

and allow the observer to easily see this as an image that is truly 3-D 

[4]. For instance, holograms of human organs and other figures can 

be used to teach adults and children simple dissections and health 

protocols as well as instruct medical students and physicians with the 

latest surgical techniques, innovative tools and environments. For 

learners of all ages and backgrounds, tri-dimensional games and 

systems offer stimulating educational training that can make complex 

scientific information and health content not only meaningful and 

instructive but more engaging [5].  

This paper is key focus on the level of effectiveness of 3D Hologram 

as a new tool which could support teaching and learning in 

educational institutions. For that, the paper aims to understand the 

importance of 3D Hologram technology in the learning environment, 

identify the strengths and weaknesses of 3D Hologram technology as 

a teaching tool and identify the barriers with this technology. 

Hologram Technology 

Gabor, who invented holography in 1947, introduced the term using 

two Greek words: “Holos” - whole and “Graph” -writing. It simply 

means that the recorded holographic image of the object contains 

whole optical information about the object – Amplitude and Phase 

information of the light scattered from the object. Ideally, the 

hologram is a three-dimensional image reproduced from interference 

pattern recorded by coherent light beans and holography is a process 

of reconstructing. Initially, the holograms that were produced were 

flat two-dimensional transparencies that were obtained from the 

appropriate considerably coherent light of a sodium vapour lamp. 

The three-dimensional holograms originated in 1962 with the 

experiments conducted at the University of Michigan [6] . 

The holograms were used in the field of optical engineering that 

became popular after the World War II. This evolution of holograms 

continued till today. The hologram has been improved to such an 

extent that it is possible to project a comprehensive 360-degree 

holographic display [7]. 

Hologram is one of the visualization tool that can be referred to as a 

three-dimensional image [8], created with holographic projection 

which is  are formed by light beams from coherent light like laser 

light [9]. Hologram are displayed using a technique which is called 

as holography where it allows light beams from any object to be 

recorded before reconstructed [10]. 

Holograms are considered to be truly 3D, because they allow the 

viewer to see different perspectives of a reconstructed 3D object from 

different angles and locations [11]. Where holograms differ from 

photographs is that they are created using lasers, which can produce 

the complex light interference patterns, including spatial data, 

required to re-create a complete 3D object [11]. Holograms have 

which the following essential properties [12]: 

a) The light coming from hologram to an eye is physically 

similar to light coming to the eye looking at the original 

scene.  

b) The standards of 3D Hologram are not in natural colour, 

but monochromatic at the colour of the reconstructed wave.  

c) Cutting a hologram to pieces for reconstruction preserves 

a whole image.  

d) The feeling of 3D vision through a hologram is a real 

effect, not psychological one.  

e) The maximum depth of field that can be seen in a hologram 

is the function of the coherence length of the laser. The 

maximum brightness and details that can be seen on the 

hologram are function of laser.  

  How Hologram Works    

Holograms are seen from different perspectives when viewed from 

different angles. This perception of holograms is the same as people 

view objects in reality. If a hologram is torn into half, each half 

contains the entire view of the holographic image. In addition, if a 

hologram of a magnifying glass is made, the holographic magnifying 

glass is capable of magnifying objects like the real one. Basic tools 

required to make a hologram includes a red lasers, lenses, beam 

splitter, mirrors and holographic film [2] as shown in figure 1 . 

The most common type of laser used is helium-neon (HeNe). Even 

though some holograms are made from diodes from red laser 

pointers, they are usually unstable and less coherent. Although, 

holography is generally referred to as “lens-less photography,” it 

requires lenses. In photography, camera lenses usually focus light, 

contrarily; lenses are used to spread out beamed light in holography. 

The beam splitter is used to divide a beam of light into two. 

The mirrors combined with the lenses and beam splitters are used to 

direct light to the required locations. In order not to lower the quality 

of the final image, the mirrors must be free from any form of dirt. 

The holographic film is capable of recording light in high resolution. 

Holographic film differs from photographic film because it is capable 

of recording slight changes in light in microscopic distance [2].  

 

 
Fig 1 . Diagram of  the Hologram [13] 

 

Classification of 3D Holograms 

There are many types of holograms, and there are changeable ways 

of classifying them. The major types of the hologram are: 

1. Transmission Hologram 

The distinctive transmission hologram is witnessed with laser light, 

frequently of the same kind used to make the recording. This light is 

focused from behind schedule the hologram and the image are 

passing on to the observer’s side. The virtual image  can be very sharp 

and deep. For example, through a small hologram, a standard room 

with people in it can be seen as if the hologram were a window [14].  

If this hologram is broken into small pieces (to be less wasteful, the 

hologram can be covered by a piece of paper with a hole in it), one 

can still see the entire scene through each piece. Conditional on the 

site of the piece (hole), a poles apart perspective is observed. In 

addition, if a diverged laser beam is directed backward (relative to 

the direction of the reference beam) through the hologram, a real 

image can be expected onto a screen located at the created position 

of the object [15] [16].   

2. The Reflection Hologram  

The replication hologram, in which an actually three-dimensional 

image stays understood nearby surface, stands the extreme public sort 

showing in galleries. The hologram stays light up in a “spot” of silver 

optimistic light held on an exact position and distance and expected 

on the viewer’s vexed of the hologram. Thus, the image consisted of 

light copied in the hologram [14]. 

Just, these holograms crucial remain complete and showing in 

colour—their images optically blurry from the exclusive items. If 

imitate is the object, the holographic image of the glass imitates silver 

light; if a rhombus is the object, the holographic image of the 

rhombus is got to “energy.” Though mass-produced holograms such 

as the eagle on the VISA card are gotten with derivative light, they 

are actually show holograms “looking glass zed” with a layer of 
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aluminum on the back [15]. Reflection hologram  is the most 

common type of hologram, it  requires  the simplest setup and is 

visible without laser light [16].  

3. The Hybrid Hologram 

As hybrid hologram could be considered a combination of 

transmission and reflection hologram [14]. Hybrid hologram can be 

specified as integral holograms, holographic interferometry, 

multichannel hologram, embossed holograms and computer-

generated holograms. For example, embossed holograms are used for 

authenticity applications such as passports or credit careds. 

Computer-generated holograms are used to make optical elements, 

for scanning, in general for controlling laser light [16] [17]. 

4. Special Glasses  

This type of glass permits the light to pass through and also permits 

another light to produce images on the glasses. Microsoft produced 

Hololens in 2016 [7].This Hololens is the earliest self-contained, 

holographic computer that aids the user to engross with the digital 

content and also work together with the other holograms that exists. 

The Hololens is Microsoft’s take on augmented reality, which they 

call “mixed reality”. Using multiple sensors, advanced optics, and 

holographic processing that melds seamlessly with its environment, 

These holograms can be used to display information, blend with the 

real world, or even simulate a virtual world [18]. 

Applications and Advantages of 3D Hologram Technology in 

Education 

Recently, technology introduces new educational applications and 

gives new meaning to the learning process. Especially what the 3D 

Hologram technique now offers in various subjects of science and 

training programs to consider it as a good means of teaching. It can 

be said that the fact of being able to observe an image in three 

dimensions is motivating in itself. The student has the feeling that 

this object is present and feels more predisposed towards learning. 

The following research paper discusses the idea of creating an 

interactive hologram in education in various fields (Table 1).

Table 1. Applications and Advantages of 3D Hologram Technology in Education 
Field Study Uses and advantages of 3D Hologram application 

 

 

 

 

 

Medicine 

& 

Nursing: 

 

 

 

[19] [20] 

[21] [22] 

 
 

3DH technology  allow  students to interact  with a realistic hologram of an organ or body 

, it would enhance their comprehension and learning process. With this technology 

medical students could perform surgeries on a 3DH  without the risk of harming a real 
human, which is be a clear benefit to  educational society. 

[23] 

NYU School of Medicine has introduced the Bio Digital Human, an online 3D interactive 

medical visualization program. Wearing 3D glasses, students can view and explore life-
size 3D virtual human body projected on a 2D projector screen, magnifying and dissecting 

organs and anatomic structures .ex: as shown in figure 2. 

[6] [24] 

[25]  [26] 

[27] 

In the study the cardiovascular structure of heart  was developed using the  3D scanning 
method . the image was converted into a 3D  vector layer object and then  segmented into 

different images with different viewing angles to produce a 3D floating image. There are 

some hologram systems that have been developed by companies for medical area, such as 
EchoPixel True 3D, and HoloPaint. 

Science Subjects: 

 

[28] 

 

[29] [30] 

The research has designed a technological tool that improves meaningful learning in the 

teaching of science subjects. 
holograms help to understand the contents of science better due to the fact that its 

movement in three dimensions draws more attention. 

Engineering (Graphics and Drawing) 

& 

Aeronautical 

Engineering: 

[23] [9] 

If a n engineering lecture wants to explain about the internal structure of an internal 
combustion engine to the students, it is highly difficult to haul the engine to the classroom 

and lift the engine up in the class in order to elaborate about the internal parts of the engine 

as highlighted in figure 3. 

Architectural 

Engineering: 
[31] [9] 

Can use the hologram to display the 3D imaging building to students. There are some 

hologram systems were built for the architecture for instance, Zebra Imaging System. 

Pharmacology: [32] 
3D Hologram technology helps student to comprehend clearly on how drugs work and 

affect the human body through displaying internal organs of human body that show drugs 

movement. 

Distance 

Education: 

[33] [34] 
[35] [36] 

The Hologram can be used to increase interaction in the distance learning programs to 
reinforce the professional skills of students and achieve the maximum benefits for them. 

Children Learning 

Process: 

[37] [38] 
[39] 

 

3D Hologram technology has a positive potential and able to catch the children’attention 

in learning as well as reduce their cognitive load. 

History and 

Archeology: 
[40]  [41] 

3D Hologram can bring things such as characters, 
virtual teacher  and archaeological findings to be on live. Also 3D Hologram enhance oral 

history’s claim to truth and historical indexicality in a way that 2D cannot achieve. 

 
             Fig 2. Hologram in medical                            Fig 3. Classroom demonstration 

                    science  [27]                                              using Microsoft Hololens [42] 
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A future Prospective of Holography in  Libyan Higher 

Education 

The advantages offered by ICT in education sector have led many 

educational institutions to integrate ICT services into their respective 

academic departments especially in the advanced societies and few 

third world countries. These rapid developments result tremendous 

changes in many fields and endeavors of life education inclusive. 

Therefore, educational institutions quickly took advantages of 

constructivist technological services by integrating ICT into 

education, which in turn has produced new models of education such 

as eLearning, m-learning, interactive learning and blended learning. 

In the field of education, the hologram is very importance. The reason 

is that students can actually view the concepts that are taught and 

visualize them during class and is effective tool in theoretical and 

practical content delivery in classrooms [43]. Moreover, Libya is a 

country interested in investing in the next generation of technology. 

3D Holographic imaging is an ideal  investment that can facilitate 

classroom learning [44] .For instance, Artificial Intelligence is fast 

becoming a world reality. Therefore, holograms installation and cost 

implications could strike a breakthrough with artificial intelligence. 

The critical consideration would  be  installing the technology at 

present , or giving it time for more advancement, creating a 10-year  

implementation plan for example. 

In addition, the technology can be implemented in distance learning, 

giving students enrolled in such  programs an opportunity to study in 

real classes miles away from their classrooms . 

The use of 3D Hologram technology in educational institutions in 

student learning is in its initial phases. Therefore, the technology 

should be implemented in a location full of professionals and with 

adequate resources. The resources are fast speed internet access, 

financial endowment, and equipment availability. Moreover, before 

purchasing and investing in the implementation of technology,  

Libyan education institutions can get comprehensive information 

about the technology's cost parameters and installation procedures 

from companies dealing with installations, such as Virtual-On [45]. 

After that these institutions could draft a proposal to the Libyan 

government through the ministry of education requesting funding. 

The proposal should include the equipment costs, labor costs, and the 

costs of installation. 

On the other hand, holographic technologies are not just about a 

business communication, they are about safety, security, and strength 

of our civilization here and beyond. All these are yet to be adequate 

in my country Libya. In additional, there are  major barriers in 

implementing 3D hologram technology in Libyan education such as 

: lack of so many  infrastructural and technological facilities in most 

high education institutions in the country, limited bandwidth, 

recurrent power cuts, lack of technical Know and laking of technical 

experts. 

Finally, Libyan educational institutions (from elementary to school 

to the universities) ought to invest in research and include the 

technology in the learning of the students specifically, within  the 

school curriculum. This technology will helps them to clarify the 

concepts in abetter manner and will enhance the way students learn.   

Disadvantages of 3D Hologram Technology Application in 

Education 

As any technology, 3DH has some disadvantages including: 

Firstly, prolonged use in the classes of these technology can have 

negative repercussions at the visual level and loss of consciousness, 

meaning that for students with vision or neurological problems is not 

very suitable to use this type of tool in a prolonged way [23, 46]. 

Also,  the quality of 3D renderings is a significant concern in 

instructional effectiveness in many disciplines, including engineering 

and medicine since many of the applications used do not offer the 

sufficient quality [23]. 

Challenges of 3D Hologram Technology Implementation 

 Although 3DH technology could offer enrichment in learning 

environments, there are also challenges that may hinder 

implementation in many educational environments such as:  

 Cost, although the prices of light modulators and other 

components have lowered in recent years, the cost of 

producing holograms at a big scale remains enormous[40].  

 3DH technology needs to be connected to a fast Internet, next-

generation broadband Inter-Network with a minimum 

guaranteed constant speed of 20 megabits per second.  

 To use this technology perfectly, we will need a screening 

room with compatible lighting and video technology, which 

costs around 150,000 US dollars to install, as well as a display 

screen for viewing the holograms on [41]. 

 The personnel handling the equipment needs heightened skills 

in the field of information technology. 

 Designers will have to come up with innovative ways in which 

this technology can be used in practical education. 

Conclusion 

Although holography is very expensive and difficult to integrate with 

the learning environment, it is of much very interesting to use this 

technology in the teaching process even if it is expensive to 

implement at present. The results of all articles reviewed have proved 

the significant of 3D Hologram as an effective tool for classroom. 

Meanwhile, the using of 3D hologram technology visualisation skill 

is important for students to develop abstract imagination of objects 

or concepts; it can help students improve their perception in order to 

understand the concept of learning topics, especially in medical and 

engineering sector as they get to have a better understanding of what 

they are learning. We can apply 3D Hologram technology in each 

level of education (preschool, primary and secondary school, and 

higher education). This can overcome the problem of slow adaption 

of the technology in education system. 

Recommendations 

The phenomenon should lead other  researchers to: 

 Investigate whether holography will be an effective tool for 

the teacher's in the future. 

 Explore in depth about identifying the suitable techniques of 

3DH that can increase students’ understanding.  

 Assessing the educators and students’ acceptance toward 3DH 

application during teaching and learning session due to the 

research on this teaching tool are still lacking in context of 

education. 
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