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AUGMENTED EDUCATION: WAY TO INCREASE QUALITY AND 

EFFICIENCY OF EDUCATION 
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Abstract: The purpose of this review article is to present the possibilities of augmented reality implementation 

in student education, ways of improving student learning, and improvement of acquired knowledge quality. 

Implementing augmented reality in education is diffusing at a slow pace. Information and studying approaches 

should be adopted to technology changes and developments. Today, mobile phones, tablets or other modern 

electronic devices are enough for visualization of the virtual object to the real scene. Animations and 3D models 

make it easier for students to learn but also improve their motivation. According to literature, augmented reality 

technologies should be integrated into education because of promising results which indicate numerous 

advantages correlated with quality of learning, financial benefits, collaboration, and others. Augmented reality is 

used to create an application that will enable student to aquire knowledge about work process with SDDS device, 

with a focus on occupational heatlh and safety performance improvement.  
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1. INTRODUCTION 

There are many different ways to educate students in different disciplines. For different 

disciplines, it is important to use different technologies. The augmented reality nowadays is 

accessible to eve 

 

rybody. Augmented reality is entering a lot of aspects of our lives. Augmented reality can 

be applied in many different fields.. As technology is developing very fast, student education 

should be powered by some of the latest achievements. Learning innovations should be with 

regard to the specific skills students need. Many information should be accumulated at the 

right time and right place. Augmented reality is based on the real environment. Augmented 

reality shifts the timing and location of education.  

Augmented reality began to develop in the 1960s The first developed system was used 

both, for augmented reality and for the virtual reality. Augmented reality systems 

requirements are easier to adapt to educational possibilities. The fact that virtual reality 

completely replaces the real world, while augmented reality upgrades the real world with 

virtual objects, implies that virtual reality systems have higher requirements compared to 

systems related to augmented reality. Also, display devices used in augmented reality may 

have significantly lower requirements than display devices that are used to present virtual 

reality. Because of this, augmented reality can be implemented in education in order to 

improve the quality of education rather than virtual reality. Augmented reality is a form of 

experience in which the real world is enhanced by virtual objects. Those virtual objects can 

enhance knowledge and understanding of different occurrences. Using augmented reality 

technologies can provide authentic learning and rich context. Augmented reality technologies 

can be used in many disciplines where it could be especially valuable. 

In the article, the application of augmented reality in education of university students is 

presented, but it is important to emphasize that it can be used for the education of students, 
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children at high and elementary school. In the paper, application created based on the 

augmented reality for students in the filed of occupational health and safety (OSH) is 

presented.  

2. AUGMENTED REALITY 

Augmented reality can be defined as a representation of the real world enriched with 

virtual objects. These virtual objects can be based on real-world objects. Virtual objects in 

augmented reality can also be created and then placed in the real world. Augmented reality 

does not completely replace reality. Ideally, the user has the illusion that virtual and real 

objects coexist [1]. Augmented reality involves the integration of synthetic information into 

the real environment. The characteristics that describe augmented reality are [1]: 

 Combining real and virtual, 

 Real-time interactivity and 

 Three-dimensionality. 

Augmented reality technologies satisfy the aspect of improving the human perception of 

virtual prototypes with real entities. The two main advantages of applying augmented reality 

are [2]: 

 Better connection with the real world compared to virtual reality and 

 Retaining the flexibility of the virtual world. 

Using augmented reality technologies allow the user to have a more immersive 

experience. Faster learning, no resources used, and reducing the possibility of injuries during 

practical exercises are some of the main reasons for using augmented reality in education. 

Augmented reality has a significant impact on pushing the boundaries of people’s education 

and training in all segments [4]. The use of augmented reality is of paramount importance in 

education, primarily because of supporting data that is changing rapidly. Except in education, 

augmented reality can be applied in culture, art, medicine, surgery, and so on. While still 

studying, students can gain their first training experience.  

In general, augmented reality is a part of Industry 4.0 concept. Industry 4.0 is primary 

oriented to machine learning and real – time data. Industry 4.0 today is globally adopted term. 

Industry 4.0 refers to intelligent process in industry and intelligent networking of machines. 

Industry 4.0 include data exchange and process automation. Concept is leading to smart 

factory creation. In industry 4.0 one of the important technology is augmented reality as it 

enables people to access the digital world through information in physical world. Augmented 

reality can be used for design of educational applications, either training, or visualization of 

some instructions. In order to this, it is applicable in education in OSH field. In industry, but 

also in student education this is one of the very important augmented reality application, and 

benefits are significant. Implementing augmented reality in education in OSH field has many 

benefits. Some of them are better educated students which lead to greater knowledge and less 

accidents. Further, students can practice realistic problems without danger exposing, which is 

very important for their professional development. Besides that, students would have pleasant 

way of learning.  

3. AUGMENTED REALITY IN EDUCATION 

Augmented reality have not been significantly applied in education until today. Some of 

the main reasons for the insufficient application of augmented reality in education are the 

preference for traditional methods of education as well as the rigid attitude towards new 

technologies. It is important to emphasize that many augmented reality applications for 
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education were created at the very beginning of augmented reality development [5]. The 

increasing use of smartphones, tablets, and other electronic devices enables the application of 

augmented reality in student learning and training [4]. It is possible to apply augmented 

reality via personal computers as well as via mobile devices. In general, education can be 

improved by applying augmented reality in terms of the scope and quality of information 

obtained by students. The content that the students would receive would be not only of better 

quality but also richly constructive and useful [4].  

It is important to provide appropriate mechanisms and systems which will contribute to 

positive outcome. Beside, appropriate devices and applications will provide maximum 

efficiency. One of the first steps in the application of augmented reality in education may be 

the introduction of augmented reality textbooks (augmented book). Augmented books content 

can be presented with animations, 2D and 3D objects, text, and more. The integration of 

augmented reality into books would provide students a more interactive and realistic way of 

learning with the existence of 3D models of objects. Students could see 3D models appearing 

outside the pages of the book 4. Also, students would be able to simultaneously present 

more information within a single presentation. The data that the student receives are spatially 

and temporally harmonized. Use of the augmented books allows more than one user to 3: 

 Cooperate with virtual objects, 

 View created content and 

 Participate in book in the way of interacting with other ‘readers’. 

Some of the educational tools developed on the concept of augmented reality can be used 

to explain physical experiments. Those tools consist animation and the possibility of 

interaction with virtual objects by students. This possibility of student interaction with virtual 

objects represents learning through practice. In addition to these, some of applications that 

already have been developed are in use and relate to engineering education. One of the 

applications created allows graphic engineering students to better understand geometric 

graphics with the help of augmented reality-based application [6]. 

The application of augmented reality in the education of engineers enables more 

interactive performance of laboratory exercises. This would allow better understanding of 

practical problems as well industrial conditions. Application of augmented reality 

technologies in education also increases the practical and professional experience [7]. Some 

research shows that the motivation of students for whose education augmented reality 

technologies have been used is slightly more than 40% higher than students who have been 

trained by traditional methods. Also, the systematic performance of laboratory work and the 

formation of knowledge and skills are higher in this group of students by about 16% [8]. The 

use of augmented reality technologies for educating students is very important for their further 

development and career advancement. The student will be better prepared for work in 

industry. In industry there is a continuous increase in augmented reality application use. For 

example, instructions for use certain tools and machines, as well as the instructions for 

behavior in some situations are significantly easier to understand if instead of text and images 

in manuals are used 3D object in augmented reality. The purpose of augmented reality 

application in that case is to show step by step tasks that need to be done as well as the way in 

which they need to be performed.  

Among other areas, augmented reality technologies can also be used in the transfer of 

knowledge in the field of quality. Quantitative results of quality can be observed not in 

particular segment but entire system [9]. Augmented reality can be implemented in education 

in the way of changing teaching approaches, better pedagogies, more effective learning design 

with tools that are enabled.  University education can be more oriented to online learning. 

Move from traditional education to augmented education is obvious choice in today 
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environment. It allows student to learn on individually way which suits their needs and 

interests. Augmented reality in education indicated encouraged understanding of technology 

role, and should be appropriate supported.  

 

3.1. Pros and cons of augmented education 

In the previous section it is emphasize that augmented reality technologies can be 

experimentally applied in university environment. It is important that use of new technologies 

can make possible implementation of augmented reality in academic venues. One of the main 

reasons for insufficient implementation of augmented reality in education is lack of awareness 

of the needs of augmented reality [10]. Some of the key issues related to the application of 

augmented reality technologies in education concern the cost-effectiveness and efficiency of 

the augmented reality system [11]. Besides, a frequently asked question is the cost of applying 

augmented reality technologies in education as well as the possibility of continuous 

maintenance and improvement of the same. Using augmented reality technologies in 

education can affects the need to use advanced software. Also, there is a need for significantly 

powerful algorithms. These algorithms involve a higher load. For some teachers it is very 

difficult to create augmented reality content, especially 3D models. For creating 3D models 

for augmented reality environment, some advanced technical knowledge is required.  

On the other hand, compared to traditionally education, when augmented reality 

technologies are applied, students are enabled to [12]: 

 Have greater control over instructions, 

 Decide on the time of execution of individual tasks, 

 Make independent decision on the level at which they will be learning, 

 Start or stop learning depending on the degree of attention. 

The efficiency of augmented reality-based learning is emphasized because the student 

independently manages the content available to them. Self-management of content by 

students makes learning more fun. The digital learning experience enables interaction with 

educational content that seems to exist in the physical world. The application of augmented 

reality technologies also contributes to a significant improvement in the development of 

analytical skills as well as the development of critical attitudes. Students can participate in the 

lecture process. Also, based on this, students can feel an individual contribution to lecture 

process. Students are working on those activities in which they would not be able to 

participate due to the costs of purchasing equipment. 

4. APPLICATION FOR TRAINING STUDENTS TO WORK WITH SDDS DEVICE 

The paper presents an application that was created in order to enable more efficient 

training of students for work and safe handling of SDDS (Safety Didactic and Demonstration 

Set) device. SDDS represent unique, multifunctional educational tool. SDDS consists of three 

independent devices. Three independent devices are located on a Demonstration 

Transformable Table (DTT) forming a contemporary multifunctional educational set. DTT is 

made of lightweight aluminum profiles in compliance with ergonomic principles and rules. It 

represents a table for setting up a training device. SDDS consists of: 

 Safety Didactic Cube - SDC, 

 Pinch Point Safety - PPS and 

 Safety Laser Scanner - SLS. 

Those three devices are all built-in safety components and are easy to use. The SDDS 

device meets all applicable industry and safety standards. SDDS or any of its components do 
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not have negative environmental impact neither emission. All devices (SDC, PPS, and SLS) 

work on low voltage 24VDC. Power supplies are marked corresponding labels. Also, all three 

devices can be transformed into a configuration for performing various practical OSH 

exercises and demonstrations. All devices and components are connected to joint SDC control 

panel.  

Devices and components integrated in the SDC are: 

 Safety controllers, 

 Electro-mechanical safety switches, 

 Non-contact safety switchers, 

 Safety switches with locking function, optoelectronic protection devices – light curtain, 

 E-STOP button, 

 Signal light tower. 

SDC enable presentation of possibilities of various safety devices. SDC also enable 

presentation of modern safety devices used in industrial systems.  

PPS device enable presentation of the hazardous situations during the work with rollers. 

Also, PPS enable presentation of the hazardous situations during the pulling force which has 

the consequence the seizure of parts of the body, workwear, etc. All safety devices and 

components are connected to joint PPS control panel.  

The SLS is industrial laser scanner. The SLS is adapted for training and education. SLS 

use infrared radiation and scans the environment in two dimensions. Access to hazardous 

areas of the machinery are provided as well as designed filed. SLS send short pulses, which 

bounce back on the laser scanner when they encounter an obstacle. In addition, SLS consists 

of components that are standard in industrial practice. Those components are:  

 Safety relay, 

 Electro-mechanical safety switch, 

 Signal light tower. 

 

4.1. Scene 1 - SDDS components 

As already indicated, SDDS consists of three devices that are independent of each other. 

When the user launches the application, the first scene that will appear is shown in Figure 1.  
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Figure 1 – SDDS devices 

At the bottom of the screen are three buttons that allow the user to choose which scene to 

watch next. The paper gives an overview of the scenes in order, and the user is able to choose 

the order in accordance with individual needs. 

By selecting the button “elements”, the user moves to scene 2. 

 

4.2. Scene 2 - Setting up the devices 

The SDC is mounted on the upper, fixed board. Depending on which exercise is 

performed, there will be another device on the upper, fixed board. When it is necessary to use 

PPS it is necessary to move the SDC from the DTT to another clean and stable surface (table). 

Within the DTT there is also a drawer in which the SLS is located. One of the demonstration 

exercises that can be shown on the device is the demonstration of dangerous zones. When it is 

necessary to perform a demonstration, a prepared printed plexiglass of dangerous zones and a 

demonstration artificial hand should be taken from the drawer. The application shows the 

basic devices as well as the place where they need to be placed, depending on the current use. 

Also, the device is shown with pictures that show how the device should look after the steps. 

 

 

                                                 
 Figures are modified and adapted from original ones, for better visualisation 
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Figure 2 – Setting up the devices 

 

Selecting the button “installation”, the application displays instalaltion steps of the SDDC 

devices. This step will not be presented in this paper. After installation step, by selecting the 

button “instruction”, the last, scene 3 is opened to the user. 

 

4.3. Scene 3 – Command table 

The last scene (Figure 3) allows the user to understand the functions of the keys and 

switches located on the control panel. Each of the keys is indicated by a number on the 

control panel. Within the scene, the names of each of the keys or the purpose of a particular 

key are written. 

The first step is to instruct the SDC to connect to the power supply. The other steps are those 

that need to be performed in the order listed in order for the exercise to be successful, as well 

as the steps related to the explanation of the indicators on the board and their conditions. 

 

Figure 3 – Command table 

 

In addition, it is possible to create other scenes in accordance with the needs of users. 
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5. CONCLUSION 

There is a lot of analysis on the application of augmented reality in education. Those 

analyses are related to the application of augmented reality in the education of future 

engineers, quality managers as well as on education in the field of medicine, history, 

astronomy, biology, mathematic, and others. Even the fact that the application of augmented 

reality in education is insufficient, it has been demonstrated that augmented reality has a 

positive impact on education. Augmented reality applications can be easily adapted for use in 

education, in laboratories or classrooms. Researchers are emphasizing a more productive and 

interactive environment compared to traditional ones which imply students’ motivation, 

interaction, and creative thinking. It can be recognized than changes in technologies are 

influencing education in ways of continuous development of new methods of teaching. The 

affordability of electronic devices has made capable of delivering augmented reality all 

around us. Experts have predicted that the evolution of devices capable of delivering 

augmented reality will continue to escalate [15].  

Augmented reality education activities can be critical for educating engineers in the 21st 

century. Augmented reality education activities enable users to have up-to-date information 

which can contribute to better decision making processes. Also, using augmented reality in 

education can enable students to solve the problem according to the environment and potential 

outcomes. Application of augmented reality in education can change the perception of 

learning. Education will be significantly different. Students and teachers can communicate 

over a distance. Using augmented reality for distance-learning may become hard to make 

difference between face to face and distance learning. The augmented reality environment 

created for distance education should not distinct significantly from the real environment. The 

process of creating augmented reality education materials can be hard and require the 

participation of specialists, but those education materials are re-usable. While today's distance 

education is increasing, the use of augmented reality is one of the key steps for teachers and 

students to adapt and contribute to future education quality improvement. Taking into account 

the pandemia (Covid-19) situation, this and the similar approaches has to be accepted as a 

standard and hopefully it will reach much higher level of implementation in education system. 
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