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Abstract. This research discusses the use of Augmented Reality, Virtual Reality and Mixed 
Reality technology applications in the learning process of relevant content to the Computer 
Science area. This systematic review aims to identify applications that use technologies to 
represent virtual environments and support the teaching and learning of Computer Science 
subjects. A protocol was elaborated and executed, resulting in the final selection of 14 papers 
from four databases, published from 2010 to 2018. The examined papers presented informa-
tion that categorized technology applications in terms of tools used. Contents addressed to the 
identification of applied instructional strategies and techniques, and the recognition of effects 
on the learning process. As a result, we found virtual environments that show potential to 
teaching basic content in courses related to Computer Science. In addition, the application of 
virtual environments in this educational scenario has provided positive effects on the learning 
process, such as increased interactivity, easier content absorption, increased motivation and 
interest in the subjects, providing greater understanding and improving efficiency in content 
transmission.

Keywords: computer science learning, virtual environment, virtual reality, augmented reality, 
mixed reality, systematic review.

1. Introduction

Educational institutions have been reviewing the use of traditional teaching methods 
and are focusing on more productive ways to increase students’ intellectual experience 
(Martín-Gutiérrez et al., 2015). Virtual environments have the potential to positively 
transform the educational system. They allow access to specialized content, to pre-
viously limited resources and to physically impossible experiences (Christou, 2010; 
Greenwald et al., 2017). The application of technologies such as Augmented Reality 
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(AR), Virtual Reality (VR) and Mixed Reality (MR) in the reproduction of educational 
virtual environments, allows the teaching and learning of concepts in several spheres, 
through interactive, differentiated and facilitated experiences. According to Fernandez 
(2017), these technologies are focused on improving the results obtained by students in 
the learning process. Several studies have shown the benefits achieved through using 
these technologies, such as increased motivation (Ferrer et al., 2013), attention (Ashfaq 
and Sirshar, 2018; Martín-Gutiérrez et al., 2017), concentration (Alptekin and Tem-
men, 2018; Chen et al., 2017b) and satisfaction (Chen et al., 2017a).

The research fields applying these technologies are wide, including the teaching of 
physics (Aveleyra, Raceo and Toba, 2018), chemistry (Yang, Chu and Yang, 2016), biol-
ogy (Qamari and Ridwan, 2018), mathematics (Radu, Mccarthy and Kao, 2016), music 
(Serafin et al., 2017), and even medicine (Huang et al., 2017). The benefits and wide ap-
plication of AR, VR and MR, along with the fast pace of the technological development, 
have increased the interest in in virtual environment technologies to assist education in 
the computer teaching (Li et al., 2015).

Teaching subjects in the field of Computer Science is considered difficult such as 
programming subjects because of their complexity and difficulty of abstraction by stu-
dents (Alhazbi, 2015; Teng, Chen and Chen, 2018). Alhazbi (2015) also justifies this 
idea saying that Computer Science courses have a high dropout rate. In order to reverse 
the problem, this systematic review aims to identify applications that use technologies 
to represent virtual environments and support the teaching and learning of Computer 
Science subjects.

The elaboration of this systematic review is part of a broader research, which is the 
development of a teaching method based on a set of pedagogical activities with the sup-
port of a virtual environment. The strategy is focused on improving educational motiva-
tion to impact positively in the leaning effectiveness. We also expect to see a significant 
reduction in the dropout rate of freshman students in a long run. However, before start-
ing this systematic review, we did an informal search of the literature aiming to find 
tertiary studies about the use of virtual environments in Computer Science learning. No 
similar studies have been found and the result of our systematic review corroborate the 
lack of understanding of how virtual environments have been used to support Computer 
Science education and what impact they have on the students. Therefore, we have been 
focused on investigate how different applications of AR, VR and MR technologies have 
been used to support the learning of Computer Science.

To this end, this paper is organized through the systematic review planning, which 
presents the concepts involved in the research elaboration, the research questions to be 
answered, the strategy for researching the papers, the criteria for inclusion and exclusion 
used and the strategy for data extraction. Then, it is presented the conduction of the work 
execution, that is, how the search strings were elaborated for consultation in the data 
sources, and the obtained results. Then, the categorizations made to organize the results 
were presented. And, finally, the analysis performed on the obtained results and the final 
considerations, which manifest the conclusions of the work and present other scenarios 
to be explored are displayed.
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2. Background

Virtual or digital environments are defined as dynamic scenarios that allow simulating 
navigation and user interaction in a real projected environment or in a synthetic one 
(Mello Sobrinho, 2011). According to Sherman and Craig (2003), immersion in these 
virtual environments occurs by the sensation of being inserted in a space. That immersion 
can occur mentally, which is when sensation is triggered psychologically and physically 
involving the notion of physical contact. Milgram and Kishino (1994) have introduced 
the Reality-Virtuality Continuum shown in Fig. 1. MR systems are those combining real 
and computer-based information, being the region between the real world and totally 
virtual environments. It produces a space with the existence of virtual and real elements 
that can communicate with each other (Hönig et al., 2015).

AR allows the user to broaden the perception of real world through the interaction 
of virtual objects that contain information, which is not often acquired by the common 
senses of a human being (Azuma, 1997; Yuen, Yaoyuneyong and Johnson, 2011). It com-
bines real and virtual environments (Milgram and Kishino, 1994; Kesim and Ozarslan, 
2012). The main characteristics expected in an AR system are (Azuma et al., 2001):

  (i) allow to combine real and virtual objects in a real environment; 
 (ii) allow real time interaction with the objects; and 
(iii) allow alignment between real and virtual objects in the environment.
VR is identified as driving users to engage in a virtual world through experience. 

This world can simulate a real environment or a complete new one. These experiences 
are based on the feeling of being present in an environment (Steuer, 1992; Girvan, 2018). 
Besides that, Pereira and Piovesan (2010) consider VR as advanced interaction, which 
offers conditions to experience something that does not exist or is not happening in the 
real world. According to Xiong, Zhi and Jiang (2018), VR technology has three basic 
characteristics: 

  (i) immersion, which is defined when the user has the feeling of being inserted in a 
virtual environment; 

 (ii) interactivity, when instruments are available to interact with the virtual environ-
ment, such as glasses, gloves and helmets; and 

(iii) imagination, which through the rationality and sensitivity gradually achieved in 
a virtual environment, makes it possible to create more associations about experiences.

VR and AR have similarities between them, such as the interactivity of users with 
virtual elements and the need to use physical devices to reproduce the environments. Ac-

 

Fig. 1. Reality-Virtuality Continuum (Milgram and Kishino, 1994)
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cording to Kirner and Siscoutto (2007), VR and AR environments amplify users’ abili-
ties to evaluate three-dimensional information, as they make space interpretation more 
flexible and allow the use of interactions in different modes, enabling greater details, 
better techniques and higher performance.

However, as VR is characterized by being applied in controlled environments, it de-
pends on the use of specific visualization equipment. On the other hand, AR has no space 
restriction, and includes more accessible equipment, such as mobile phones (Fachinetto, 
2013). Ma and Choi (2007) point out that while VR limits the user’s physical movements 
in the real world, AR requires interactive displacement in the real world.

Another difference between VR and AR is in the level of immersion. While VR 
essentially consists of making the user completely immersed in an artificial world, 
AR does not omit the notion that the user is inserted in the real world, but augments 
their reality with virtual elements (Fernandez, 2017; Ma and Choi, 2007). VR com-
pletely replaces the real environment with a synthetic one, which makes interaction 
with the physical world impossible. RA combines the environments, allowing the 
user interacting with physical and virtual objects (Kiryakova, Angelova and Yordano-
va, 2018).

3. Systematic Review Planning

The elaboration of the systematic review comprises an organization of activities to be 
performed. According to Brereton et al. (2007), this organization is composed of three 
main phases:

 1. Planning: besides establishing a real utility of systematic review design, this 
phase comprises the need to define the scope of research by specifying research 
questions, as well as developing and validating a review protocol.
 2. Execution: covers the activities of selecting and identifying relevant research, 
assessing the quality of the studies found, extracting and monitoring the relevant 
research data and synthesizing the acquired information.
 3. Results presentation: involves the production and evaluation of the systematic 
review main report. 

Then, the elements that make up the systematic literature review protocol are pre-
sented. Thus, it is viable to ensure evaluation and reproducibility by other research-
ers. Also, it is intended to use the protocol as a basis to facilitate future research 
continuity.

3.1. Research Questions

The purpose of this systematic review is to investigate tools that make use of technolo-
gies that reproduce virtual environments to teach relevant concepts to Computer Science 
area. Thus, the primary research questions seek to answer how these tools are character-
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ized, which instructional processes they present, and what effects on the learning process 
are. To assist in the resolution of the questions, secondary questions were elaborated. 
Therefore, this study commits itself to fulfill the objective by solving the following ques-
tions (QP – main and QS – secondary):

QP01: ●  How are AR, VR, or MR-based learning applications for Computer Sci-
ence teaching characterized?

QS01.01: ○  What are the contents covered?
QS01.02: ○  What technologies are employed (tools, frameworks, libraries)?
QS01.03: ○  What types of application are used?
QS01.04: ○  What are the characteristics of AR, VR and MR technologies?

QP02: ●  What are the processes found in learning classes? AR, VR or MR for the 
teaching of Computer Science?

QS02.01: ○  What are the instructional strategies?
QS02.02: ○  What are the instructional techniques?

QP03: ●  What are the learning effects of using AR, VR, or MR technologies in the 
teaching of Computer Science?

QS03.01 ○ : What techniques have been employed to evaluate the learning ef-
fect?
QS03.02 ○ : What are the learning outcomes found?

From this, a study was performed to define the terms to be used, and the strategy 
considered to find the papers in the data sources. 

3.2. Strategy Used for Primary Studies Research

The research was restricted to electronic databases, involving conference proceedings 
and journals. We use IEEE Explore1, ACM Digital Library2 , Springer Link3  and ERIC4  
data sources. We chose these sources because they offered relevant publications about 
the subject of research and allow retrieving the full text of the paper more easily. Also, 
the period considered in the research of published papers was defined between January 
2010 and December 2018, since, in similar studies, the research interval is set between 
6 (six) and 7 (seven) years. Moreover, in the same similar studies, we found no applica-
tions prior to 2010, which meet the selection criteria of this systematic review.

For the search terms, we used English language. The terms used in the research refer 
to the application of technologies that reproduce virtual environments, such as AR, VR or 
MR for the teaching of Computer Science in various areas of knowledge.

The search string was designed from combinations of key terms that best fit the research 
objective, which resulted in: “(augmented reality OR virtual reality OR mixed reality) 
AND (teaching OR learning OR mentoring) AND (computer science OR programming 
OR software engineering OR data structure OR computer network OR operating system 

1 http://ieeexplore.ieee.org/
2 https://dl.acm.org/
3 https://link.springer.com/
4 https://eric.ed.gov/
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OR artificial intelligence OR computer architecture OR theory of computation OR 
database OR human computer interaction OR algorithm OR formal languages)”. Although 
the number of combinations is considered high, the understanding is simple because it is 
based on identifying the application of a technology in some area of knowledge.

The number of published papers presenting the use of AR, VR and MR technologies 
in the educational context in the Computer Science area has been growing in recent 
years, as can be seen in Fig. 2.

Fig. 2 shows that there has been an increase in paper publishing and solution devel-
opment in recent years. This increase can be observed mainly from 2014 (n = 1) on. The 
last two years (2017 and 2018) is the period where there has been a higher number of 
occurrences (n = 4).

3.3. Study Selection Criteria and Procedures

The criteria for inclusion of the studies were: 
Documents must be available on the web. ●
Papers published from January 2010 until December 2018. ●
Papers filtered by search phrase considering title, abstract, and keywords. ●
Papers written in the English language. ●
Peer reviewed papers. ●

In addition to papers that do not meet the inclusion criteria, there are those that:
Presented the application for professional or industry use. ●
Did not demonstrate the use of one of AR, VR or MR technologies as a central  ●
element.
Did not present content related to the teaching of Computer Science. ●
Did not present evaluation of the learning effect, either qualitative or quantita- ●
tive.
Were categorized as summaries or extended summaries. ●
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The procedures necessary for the studies selection were defined in the following 
order:

The researcher performs the search on the selected data sources by applying the 1. 
string adapted according to the search engine.
Papers are selected according to the circumstances defined in the inclusion and 2. 
exclusion criteria. This verification happens according to some characteristics of 
the research and occurs by reading papers abstracts.
Included papers are documented and displayed in a table for data extraction.3. 

Papers included as a result of initial research are reviewed by only one researcher.

3.4. Data Extraction Strategy

For each paper selected, according to the inclusion criteria, basic information was extracted 
for references, such as authors name, paper title and year of publication. In addition to an-
swering QP01, QS01.01, QS01.02, QS01.03 and QS01.04, which characterize applications 
in the educational context of Computer Science, the following features were extracted:

Technology (AR/VR/MR): ●  identification of technologies used to characterize 
virtual environments. These technologies are in agreement with the proposal of 
this research, which is analysis of the AR, VR and MR technologies.
Tools Used (Tool Name): ●  indicates the tools used in the design and presentation 
of the virtual environment. It can be a framework or library, such as Unity3D and 
Vuforia. No tool constraints were defined for this research because the goal is to 
investigate what is being used the most.
Visual resources (images/audios/videos/animations/3D elements): ●  highlights 
the visual resources used to represent the virtual environment. Visual resource 
means any element that interacts with the user, such as 3D elements.
Covered content (type of content addressed): ●  points the teaching content cov-
ered. This content is restricted according to the proposal of this research, namely 
the teaching of Computer Science.
Application Type (game/simulator): ●  indicates the form of user interaction with 
the virtual environment, such as a case simulation.
Main feature of technology (characterization of technology): ●  highlights the 
main feature of technology employed in the virtual environment, for example, 
identify if the environment is immersive, or uses markers.

In order to answer QP02, QS02.01 and QS02.02, which determine instructional pro-
cesses, the following information was extracted:

Instructional strategies (presentation/discovery/collaborative): ●  characterizes 
the strategies used to provide information and how it is absorbed by students in-
teracting with the application.
Instructional techniques (investigation/observation/game): ●  points out the 
techniques used, which determine how activities are performed to achieve the 
objectives.
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Finally, to answer QP03, QS03.01 and QS03.02, which is intended to collect learning 
outcomes and effects, the following information was analyzed:

Purpose of the research (the reason for the application): ●  what is intended to 
be achieved by employing technology in a virtual environment for the learning 
process. It refers to the investigation of the behavior of technology; teaching, aid, 
facility, comparison, etc.
Learning outcomes (learning effects): ●  this criterion identifies learning effects 
observed or reported by students as applied to the survey, for example increased 
motivation, increased satisfaction.
Results evaluation method (qualitative / quantitative / experimental / mixed): ●  
identifies whether statistical means were used to evaluate the results, or was sub-
jective, through interviews with the evaluators. Also, if more than one means of 
evaluation was used.
Course or subject (course or subject name): ●  this criterion identifies the area of 
Computer Science in which the research was applied.
Number of people who rated (number of reviewers): ●  indicates the number of 
individuals who rated the tool. It is not restricted to students only, but also to 
educators.
Activities duration (time or period): ●  this criterion seeks to know the average 
time or period of application of the work.

4. Systematic Review Conduction

In the planning of the systematic review, the first execution of the string in the search 
engines occurred in October 2018, having as inclusion criteria only papers published 
in the period 2010–2018, returned approximately 6,000 publications. Given this, it was 
noted the need for improvement in the construction of the search string, in order to insert 
a maximum number of inclusion and exclusion criteria. In addition, data sources have 
their own search engines, so the strings were adapted respecting the particularities and 
limitations presented.

The adapted strings were executed on April 2019. After that, the collection and analy-
sis phase of the search works started, with 677 returning papers. Results were distributed 
by data source, as shown in Table 1. The percentage represents the amount of papers se-
lected in each data source related to the total of papers returned in all data sources (677).

Table 1
Amount of papers selected applying the inclusion and exclusion criteria

Analysis Procedure IEEE Explore ACM Digital 
Library

ERIC SpringerLink Total

Search string adapted 94 377 14 192 677
Selection using inclusion 
and exclusion criteria

10  
(1.47%)

    3 
(0.44%)

  1 
(0.14%)

    0 
(0.0%)

  14 
(2.06%)
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4.1. Results Obtained from the Implementation of the Review

Table 2 lists the selected papers, accompanied by the identification, their references, data 
source from which the paper was taken, and a brief description of the paper.

Table 2
Selected papers

ID Reference Source Abstract

S01 (Chandramouli, 
Zahraee and Winer, 
2014)

IEEE 
Explore

The paper presents a virtual environment using VR technology to 
teach programming concepts to students facing learning disabilities. 
In addition, research shows how these difficulties negatively affect 
the motivational factor. This interactive environment allows students 
to explore and understand programming concepts through practical 
examples.

S02 (Teng and Chen, 
2012)

IEEE 
Explore

The authors of this paper developed an AR environment to teach 
basic OpenGL programming concepts such as scaling, rotating and 
translating through visualization and interaction with 3D models and 
markers. The behavior of the virtual environment is the visualization of 
a 3D model that is interpreted through the interaction with algorithms 
that are inserted in markers in a QR code format. The environment 
allows students to be able to create their own markers to test OpenGL 
programming code.

S03 (Grivokostopoulou, 
Perikos and 
Hatzilygeroudis, 
2016)

IEEE 
Explore

This paper presents an environment based on VR technology, to assist 
the teaching of search algorithms, which are considered fundamental 
in Computer Science domain. The goal is to facilitate understanding 
of abstract concepts through concrete experiences and procedures. It 
describes the use of gamification concepts to motivate students.

S04 (Mesía, Sanz and 
Gorga, 2016)

IEEE 
Explore

Describes collaborative experiences using technologies such as AR to 
teach control structures in early programming courses. The objective is 
to evaluate if the tool motivates students to seek knowledge.

S05 (Dass et al., 2018) ACM 
Digital 
Library

The paper presents an investigation whether the use of AR technology 
can enhance programming learning. Twelve participants were evaluated 
using technologies such as Microsoft HoloLeans and a mobile 
application using ARKit on the iPhone. The results presented indicate 
that AR technology drives this initial learning.

S06 (Vincur et al., 
2017)

ACM 
Digital 
Library

This paper shows an immersive environment utilizing VR that enables 
students to solve programming challenges like those available on the 
code.org online platform. The goal is getting students to solve algorithms 
using virtualized cubes that represent programming instructions.

S07 (Bujdoso, Novac 
and Szimkovics, 
2017)

IEEE 
Explore

The paper shows a collaborative and cooperative tool that uses VR 
technology to leverage important skills such as creativity, invention and 
innovation of programmers within the Computer Science course.

S08 (Teng, Chen and 
Chen, 2018)

ERIC Faced with the difficulty found by students in learning a programming 
language, especially for 3D applications, an immersive and interactive 
virtual environment for programming teaching focused on 3D 
applications was developed. To validate the application, an experiment 
was conducted with a group of 34 students.

Continued on next page
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Table 2 – continued from previous page

ID Reference Source Abstract

S09 (Hsu, Chen and 
Wu, 2015)

IEEE 
Explore

The paper presents an investigation about the effects that a tool, which 
uses AR techniques, teaches about the history of Computer Science. The 
goal is that the student, when interested in historical photos and pointing 
to the photo (marker), trigger a video with explanation about the content. 
From an assessment submitted to a group of students, it was observed 
that the tool supports students in the acquisition of knowledge.

S10 (Li et al., 2015) IEEE 
Explore

The paper presents a series of 18 experiments using VR technology, with 
the goal to aid in the teaching of concepts and skills for the Introduction 
to Computer Science discipline. Among the contents covered are: 
Turing machine and computer assembly; information representation and 
calculation; information coding and processing; computer instruction 
execution; and process management and virtual machine.

S11 (Oberhauser and 
Lecon, 2017)

ACM 
Digital 
Library

The paper describes and evaluates the use of a virtual environment using 
VR technology to visualize data structures in order to facilitate learning. 
Results are compared to a non-virtual application.

S12 (Stigall and 
Sharma, 2017)

IEEE 
Explore

The paper describes the development of two game modules to teach 
object-oriented programming (OOP) and binary search concepts using 
VR technology.

S13 (Nicola, Stoicu-
Tivadar and 
Patrascoiu, 2018)

IEEE 
Explore

The paper presents the development of an application that uses VR to 
help in the understanding of sorting algorithms.

S14 (Visoottiviseth 
et al., 2018)

IEEE 
Explore

The paper presents the development of a game that uses VR to facilitate 
and assist in the understanding of concepts related to network security in 
the Computer Science course. With the results it was possible to notice 
increase in the ease of understanding the content. In addition, there was 
an increase in the motivation of students seeking knowledge.

5. Categorization of Processes Found

Once the results of the systematic execution were found, the extracted data were classi-
fied in order to analyze and answer the research questions more easily. 

Table 3 was organized according to the criteria defined to respond to QP01, QS01.01, 
QS01.02, QS01.03 and QS01.04, which were intended to identify which technology is 
most used to reproduce a virtual environment.

Table 3
Criteria used to answer QP01 and its secondary questions

ID Tech-
nology

Tools Used Visual Resources Content Covered Application 
Type

Main Feature of 
Technology

S01 VR Undefined 3D Elements Programming Logic Simulator Immersive VR

S02 AR ARToolKit 3D Elements OpenGL Programming Simulator AR with Makers

Continued on next page
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Table 3 – continued from previous page

S03 VR Open 
Simulator

Images and 3D 
Elements

Search Algorithms and 
Artificial Intelligence

Game Non-Immersive 
VR

S04 AR FLARMa-
nager

3D Elements Flux Control Simulator AR with Makers

S05 AR Unity3D 
and ARKit

Images, videos and 
3D Elements

Programming Logic Simulator AR with Makers

S06 VR Unity3D 3D Elements Algorithms Game Immersive VR

S07 VR VirCA and 
MaxWhere

Images, audio and 
3D Elements

Computational Thinking Simulator Immersive VR

S08 AR OpenGL 3D Elements OpenGL Programming Simulator AR with Makers

S09 AR Aurasma Videos Computer Science 
History

Simulator AR with Makers

S10 VR Undefined Images and 3D 
Elements

Introduction to Computer 
Science

Simulator Non-Immersive 
VR

S11 VR Unity3D Images, animations 
and 3D Elements

Code Structures Simulator Immersive VR

S12 VR Vizard VR 
Toolkit

3D Elements Object Orientation and 
Binary Search

Game Non-Immersive 
VR

S13 VR Unity3D 3D Elements Algorithms Game Immersive VR

S14 VR Unity3D Images, animations 
and 3D Elements

Network Secutiry Game Immersive VR

Table 4 presents the criteria used to identify the instructional processes characterized 
in the applications, which respond to QP02, QS02.01 and QS02.02.

Table 4
Criteria used to answer QP02 and its secondary questions

ID Instructional Strategies Instructional Techniques

S01 Discovery Investigation
S02 Discovery Investigation
S03 Discovery Investigation and Game
S04 Discovery Investigation
S05 Discovery Investigation
S06 Discovery Investigation and Game
S07 Collaborative Investigation
S08 Presentation Observation
S09 Presentation Investigation
S10 Discovery Investigation
S11 Discovery Investigation
S12 Discovery Investigation
S13 Discovery Investigation
S14 Discovery Investigation and Game
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In order to understand the purpose of applying the selected works and to investigate 
the learning effects of the studies, as questioned in QP03, QS03.01 and QS03.02, the 
defined criteria are presented in Table 5.

Table 5
Criteria used to answer QP03 and secondary

ID Research Purpose Learning 
Outcomes

Results 
Evaluation 
Method

Course or 
Subject

Number 
of People 
Who Rated

Activity 
Duration

S01 Investigate the effect of 
using VR technology on 
the learning process

Exploration
Involvement
Understanding
Skills

Undefined Programming 
Teaching in 
Engineering 
Course

Undefined Undefined

S02 Assist and facilitate 
OpenGL programming 
teaching

No results Undefined OpenGL 
Programming

Undefined Undefined

S03 Assist involved in the 
learning process about 
search algorithms

Motivation
Satisfaction
Commitment
Interest
Recognition

Quantitative Artificial 
Intelligence

44 students 1 study

S04 Teach basic programming 
concepts

Understanding
Motivation
Interactivity
Satisfaction

Mixed Programming 
Teaching in 
Computer 
Science 

54 students Four 
4-minute 
experiments

S05 Investigate the use of 
AR technology in pro-
gramming teaching and 
comparison with other 
technology

Facility
Skills

Mixed Undefined 12 students 12 sessions

S06 Assist in teaching 
programming logic

Facility Qualitative Undefined 18 students 2 studies

S07 Introduce teaching 
method to increase 
creativity

Creativity
Motivation
Ability to inno-
vate
Troubleshooting

Experimental Information 
Technology

Undefined Undefined

S08 Investigate the influence 
of AR technology in 
teaching a programming 
language

Efficiency
Facility

Mixed Introduction 
to 
programming 
language

34 students 25-minute 
sessions

S09 Investigate the effect of 
using AR technology 
on teaching computer 
history

Facility
Interest

Qualitative Computer 
Science

84 students 4 weeks

Continued on next page
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Table 5 – continued from previous page

ID Research Purpose Learning 
Outcomes

Results 
Evaluation 
Method

Course or 
Subject

Number 
of People 
Who Rated

Activity 
Duration

S10 Assist the process of 
learning concepts of 
Introduction to Computer 
Science

Students:
Motivation
Interest
Understanding
Satisfaction
Teamwork
Effectiveness 
Discussion
Interactivity

Teachers:
Efficient
Effectiveness
Interactivity 
Fa-cility

Qualitative Introduction 
to Computer 
Science

1.158 
students 
and 40 
teachers

Undefined

S11 Present an environment 
for easy viewing of 
different code structures

Facility
Efficiency
Motivation

Experimental Undefined 12 students Undefined

S12 Facilitate the learning 
process of object-oriented 
programming and binary 
searching

Facility
Absorption

Qualitative Introduction 
to Computer 
Science

20 students 2 studies

S13 Facilitate the learning 
process of sorting 
algorithms

Facility
Interactivity

Quantitative Automation 
and 
computers

30 students 10 minutes

S14 Facilitate understanding 
of network security

Facility
Understanding
Motivation
Interest

Quantitative Network 
Security

33 students Undefined

6. Discussion

In order to understand the application of technologies that allow reproducing a virtual 
environment, this systematic review was proposed. It searched for papers that apply 
technologies to assist in the process of learning Computer Science related content. Dur-
ing the execution, 677 papers were found, using the search string adapted to the data 
sources. After the refinement of the papers, based on the criteria defined for inclusion 
and exclusion, 14 papers were extracted.

How are AR, VR, or MR-based learning applications for Computer Science 
teaching characterized?

One of the main highlights of the systematic review was that it was not possible to find 
papers pointing to the use of MR technology for teaching Computer Science. On the 
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other hand, during the results selection phase, using the inclusion and exclusion criteria, 
we noticed works in progress, but that have not yet been applied and evaluated, so they 
did not meet the established criteria. From the results found, we identified five (35.71%) 
papers that used AR technology and nine (64.29%) that used VR technology.

With the collected results, we observe that the learning applications based on AR 
and VR technologies, include diverse contents in the teaching of Computer Science. 
These contents range from initial course levels, such as teaching Algorithms (S01, S04, 
S06 and S13) and Introduction to Computer Science (S09 and S10), to more advanced 
levels such as OpenGL Programming (S02 and S08), Search Algorithms (S03 and S12), 
Artificial Intelligence (S03) and Network Security (S14).

The results collected were categorized as games or simulators. Games have been 
defined as applications that include some process of rewarding the student using it. On 
the other hand, simulators were defined as applications that became more concerned 
with projecting a real learning situation. Still, the analyzed virtual environments used 
software, frameworks and libraries to make the teaching environment available. Tools 
such as Unity3D (S05, S06, S11, S13 and S14), Aurasma (S09) and OpenGL (S08) have 
been identified that provide platforms for AR and VR application development.

Finally, the main characteristics observed in AR and VR technologies in virtual envi-
ronments are that when using VR, the proposal is to build totally immersive environments 
for students. Only three of the selected papers were categorized as non-immersive (S03, 
S10 and S12). From the results that use AR technology (S02, S04, S05, S08 and S09), all 
have the characteristic of using markers to provide interaction to students. We did not find 
any applications with the feature of using geolocation for student interaction.

What instructional processes are found in AR, VR or MR-based learning 
applications for Computer Science teaching?

As defined by Akdeniz (2016), instruction is a complete process applied to the develop-
ment of target learning, aimed at students. In some studies, instructional strategies are 
classified according to how the process works, how information is produced, and how it 
is absorbed by students, while in others, these strategies are classified based on instruc-
tional models (Akdeniz, 2016).

 

79% 
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7% 

Results of Instructional Strategies 

Discovery Presentation Collaborative

Fig. 3. Distribution of results by instructional strategies.
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The instructional strategies were defined based on the results found and are catego-
rized as: discovery; presentation; and collaborative (Fig. 3).

Fig. 3 illustrates the distribution results found by instructional strategy. The discovery, 
which represents the concept of the application providing students with the construction 
of their own knowledge, was observed in 11 papers (79%). The presentation, in which the 
content is demonstrated without the need of investigation, represents two papers (14%) 
of the research. And finally, the collaborative strategy, which encourages students to play 
a cooperative role in knowledge building, was found in only one paper (7%).

Instructional techniques are defined as methods that contain good practices applied 
in conjunction with instructional strategies to use resources that enable the student to 
acquire knowledge effectively (Sottilare, Defalco and Connor, 2014).

The instructional techniques found in the results were categorized as: investigation; 
game; and observation (Fig. 4).

Fig. 4 presents the distribution of the results found by instructional technique. The re-
search, which represents 13 resulting papers (76%), proposes that students search the con-
tent approached to acquire knowledge. The game technique commits itself to offering the 
very elements of a game, such as reward for completed task, and depicts three papers (18%) 
of the selected results. Finally, observation indicates that students will gain knowledge by 
observing content presented to them. This technique was found in one paper (6%).

What are the learning effects of using AR, VR, or MR technologies in Computer 
Science teaching?

To evaluate the environments proposed in the selected papers, research methods were 
used (Fig. 5). 

Fig. 5 presents the research methods used to evaluate the results. The qualitative 
method (29%) was the most used, followed by the quantitative one (22%). Papers that 
applied more than one research method represent 21%, while papers that used the ex-
perimental method and those that were not defined represent 14% each.

During the learning effects analysis process in the selected papers, it was observed 
that the applications have multiple positive effects, which were observed by students and 
teachers in different scenarios.
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Fig. 4. Distribution of results by instructional techniques.
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Some papers had learning effects observed only once (n = 1), such as increased ex-
ploitability (S01), greater engagement with content (S01), increased engagement (S03), 
greater recognition of the importance of content (S03), increased creativity (S07), great-
er ability to innovate (S07), easier problem solving (S07), higher content absorption 
rate (S12), and increased ability to do teamwork (S10) ). In Fig. 6 are the most common 
effects among papers.

 Fig. 6 shows the main effects observed in the selected papers. The most frequent 
positive effect on work is the ease students have with the learning process (n = 9). 
Then, virtual environments provided increased motivation for students to learn content 
(n = 6). Moreover, there was an increase in students’ interest (n = 4), and thus a greater 
understanding of the content (n = 4). Finally, other positive effects on learning were 
found more than once in the selected results, such as higher student satisfaction (n = 3), 
increased interactivity of subjects (n = 3), greater efficiency in knowledge transmission 
(n = 3) and increased student skills (n = 2).
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Fig. 5. Distribution of papers by learning effects.

 

Fig. 6. Number of papers by learning effect.
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7. Implications for Educators

There is still not a clear vision of how to integrate technologies as AR and VR in a stable 
way into an educational process (Martín-Gutiérrez et al., 2017). There are difficulties 
like the resistance of traditional learning environments to integrate educational innova-
tions, the opposition of teachers to adopt new technologies out of their comfort zone, 
and the costs involved to implement and maintain these technologies (Martín-Gutiérrez 
et al., 2017). Furthermore, there is a difficulty in creating and deploying content (Yuen, 
Yaoyuneyong and Johnson, 2011). The point is not simply about using virtual environ-
ments to support education but how to produce effective instructional designs to inte-
grate them so that the educational goals are achieved.

Hu-Au and Lee (2017) present other challenges to adapt to new educational methods 
and environments: (i) reliance on traditional methods of knowledge transmission, such 
as lectures, which lead students to become disengaged; (ii) current learning contexts re-
quire factors difficult to reach or that are absent in traditional methods; and (iii) the need 
to acquire important skills up to the present time, such as systemic thinking, creativity 
and computational thinking, which are difficult to teach. It is difficult to change, but edu-
cators must review their education methods to stimulate students to develop the capacity 
to learn and a lifelong willingness to keep exploring new knowledge and modify learned 
expectations accordingly.

The application of technologies that reproduce virtual environments implies differ-
ent levels of interaction and immersion in the educational context (Martín-Gutiérrez 
et al., 2017). It can assist in several positive aspects in building learning, increasing the 
understanding of the content addressed, the chance of retention of content in memory, 
the performance of physical tasks, collaboration, motivation, creativity, critical think-
ing, satisfaction, enthusiasm, among others (Papanastasiou et al., 2018; Radu, 2014; 
Resnyansky, Ibili and Billinghurst, 2019). The results presented in this systematic re-
view corroborate the potential of virtual environments to positively support the learning 
process in Computer Science. On the other hand, there is still a long way to smoothly 
integrate them, as other new technologies, in an effective instructional design.

8. Conclusion

This paper carried out a systematic literature review aiming to investigate the contri-
bution of the employment of AR, VR and MR technologies in the Computer Science 
learning process. 

This research identified that no previous study has analyzed, in a systematic manner, 
how such technologies were utilized for teaching Computer Science subjects. Hence, 
after analyzing the 14 selected studies, and extracted information about the applied in-
structional strategies, as along as, covered subjects, technology, application type, tools, 
and visual resources, we can state that the main contribution of this research is the 
knowledge about the current scenario of this educational area in Computer Science.
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Another result of this research is the set of good practices presented, that may be 
explored and adopted by instructors when teaching the same subject as addressed by 
any of these studies. Yet, future studies aiming to adopt AR, VR, or MR technologies 
for teaching another compute science subject, may be based on the set of good practices 
for instructional design. Future studies may also investigate if the adoption of AR, VR, 
and MR can increase the motivation of students to learn Computer Science, as well, 
what is its impact on their learning effectiveness. Moreover, in the long run we also can 
investigate the impact of this approach on the students’ dropout rate.
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