
The Role of Interactive and Immersive Technologies 
in Higher Education: A Survey

Abstract : The developments in the Engineering 
domain have risen at an unprecedented rate in the past 
three decades. New technologies emerge every year 
and find their use case in multiple industries, also 
impacting the higher education as a whole. The 
present ecosystem demands industry-ready graduates 
from higher education institutes. To meet this, 
inculcation of newly developed technologies in the 
engineering education domain is a must. The retention 
span of Millennials in the traditional classroom 
settings has lowered down, posing the biggest 
challenge in student learning outcome at the higher 
education level. To solve this problem, interactive and 
immersive technologies has played a significant role 
through the use of Augmented Reality (AR), Virtual 
Reality (VR), and Gamification in a modern 
classroom setting. These technologies are capable of 
being used online as well as offline, and promise to 
deliver an enhanced user experience. The use of such 
tools also improves the student engagement by virtue 

of interactive content during the classroom session. 
This results in improved student learning and 
motivation in various domains of higher education. 
This paper focuses on the engineering education 
domain and discusses the role of these technologies in 
improving student understanding of intricate concepts 
of various engineering disciplines. A study of research 
papers presenting different digital learning platforms 
developed using these technologies from 2017 to 
2021 was done, and it was concluded that the trends 
and technologies discussed in this paper have been 
tested and proven to be beneficial in engineering 
education. Further, developing a low-cost learning 
system using immersive and interactive technologies, 
and upgrading the present classroom set-up and skill 
set of instructors to make them significantly capable 
of utilizing the benefits offered by these technologies 
is yet to be achieved.
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1. Introduction

 Educators in the engineering domain are striving 
hard to imbibe the use of technologies such as 
multimedia learning, immersive tools, simulation-
based solutions, and game-based education in 
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addition to traditional teaching, to enhance the 
acquired knowledge and skill amongst their students. 

 Recently, the outbreak of COVID-19 resulted in a 
pandemic situation globally, pushing the transference 
of education from regular mode to online. The use of 
digital platforms for e-learning and educational 
technologies for imparting professional education has 
been rising since then. The Massive Open Online 
Courses (MOOC) is the most widely used and only 
available digital learning platform in the early days. 
Nevertheless, with an escalation in technology, 
several other forms of digital platforms have evolved 
recently. It includes game-based learning, live e-class, 
cloud-based learning, immersive and interactive 
technology-based learning platforms such as AR/VR 
based applications for education through mobile and 
desktop versions of apps as depicted in Figure 1.

 Augmented reality (AR) is an amalgamation of the 
natural world with the graphically generated virtual 
environment (Drascic & Milgram, n.d.). To be 
specific, using AR, human perception in real-time is 
modified by computer-generated sensory inputs such 
as sound, video, or graphics. According to (Azuma, 
1997) AR possesses three unique properties: it 
combines real and virtual worlds simultaneously, 
interactive in real-time, and can be registered in 3D. 
An AR system facilitates the visualization of the 
hidden phenomenon of engineering processes. For 
example, in an embedded systems course, students 
may find it challenging to understand the mechanisms 
inside the devices without seeing their interactions 
and functioning (Benito, González, & L, 2015). An 
AR System requires that the real-world objects be 
appropriately aligned with the objects of the virtual 
world, or the illusion of co-existence of the two worlds 
will be compromised. 

 Vir tual  real i ty  (VR) i s  achieved us ing 
computational techniques to create and simulate a 

virtual environment and place the user inside that 
experience (Dinis, Guimaraes, Carvalho, & Martins, 
2017).  VR system can bring that experience inside the 
classroom in specific applications in Civil 
Engineering, requiring students to study architecture 
structures. Virtual environments provide complete 
immersion in the synthetic environment. They can be 
helpful in many different areas of education, for 
school-going children, engineering and medical 
undergraduates, and even the people undergoing 
specialized training such as plumbing, fire safety, 
electricians, and other courses. 

 Gamification in education has also acquired a 
boost in serious games for the specific purpose of 
learning. It provides motivation and a more versatile 
environment for domain-specific knowledge 
(Backlund & Hendrix, 2013). Gamification of 
MOOCs (Massive Open Online Courses) and game-
based Augmented/Virtual Reality set-ups have also 
been evolved during the past few years (Borras-gene 
& Martinez-nun, 2016; Oh, So, & Gaydos, 2017). 
Through gamification in education, there can be an 
enhancement in student's learning experience while 
teaching complex subjects.

 According to (Rekimoto & Nago 1995, Rubio-
Tamayo, Barrio, & García, 2017) , three types of 
interactions are feasible in these digital learning 
platforms. These interactions are human-computer, 
human-real world, and between computer and real-
world. Based on these interactions, the classification 
and behavior of various digital learning platforms 
used in this study have been shown in Figure 2. 

 By reviewing the related literature, this paper aims 
to study the effects of these techniques on the student's 
learning capability in engineering education with an 

Fig. 1: Different digital learning 
platforms of 21st century

Fig. 2:  Types of interactions in 
digital learning platforms
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entire future scope in teaching through techniques 
other than the conventional classroom teaching 
methods. This paper discusses the role of technologies 
like Augmented Reality, Virtual Reality, and 
gamification in the teaching-learning process for 
higher education; explicitly engineering education. 
Further section II outlines the literature covered; 
section III portrays the survey of implementation and 
outcome of these technologies in higher education 
during the last five years. Section IV presents the 
conclusion and future scope of using these 
technologies in higher education.

2. Related Work

 The field of education technology has always 
remained an area for researchers to explore different 
actions taken by teachers to improve the motivation 
and learning of their students in a classroom. During 
the past few years, the use of blended learning 
techniques in addition to traditional instructions in 
educational set-ups has enabled the utilization of 
immersive technology such as mixed reality (virtual 
or augmented, that can provide complete or partial 
immersion to its users), serious games for learning and 
MOOCs in order to provide a better learning 
experience to the learners (Earle & Earle, 2002; 
Rosen, 2000). A vast literature is available mentioning 
the role of educational technology as an aid for 
engineering courses, and precisely, Augmented 
Reality, Virtual Reality, and Game-based education 
have been selected from peer-reviewed journals and 
conference proceedings for review in the present 
study. Pertinent literature was found using online 
research databases related to education and 
engineering (Scopus). Students usually face problems 
with visualization of the unseen phenomenon while 
working with electronics equipment. An AR 
environment with a camera, a tracking system, and a 
visualization system can help solve this type of 
problem. Tracking system analyses the data from the 
camera, where the augmented information (software-
based or hardware-based) will appear. The main 
advantages of such a method include simultaneous 
presentation of physical, electronic equipment and 
relevant concepts mentioning the names of electronics 
parts, etc. As the additional information.  This method 
can facilitate the comprehension of technical concepts 
and retention of course-related contents for a longer 
duration. The only drawback to this technology comes 
from the fact  that  tes t  par t i c ipants  of ten 
misunderstand prototypes during real settings for 
traditional evaluation sessions (Benito et al., 2015). 

Table 1 : Comparison of Serious and 
Entertainment Games

Virtual and augmented reality in various fields for 
learning has been in use for since long. A game-based 
AR/VR application provides numerous interfaces 
involving gaming environments in Engineering 
Education. It is capable of helping disseminate civil 
engineering and other fields to motivate students 
during their learning process (Dinis et al., 2017). 
Educational games can also be used in MOOCs, 
influencing the student motivation, collaborative 
capabilities, and learning. Through this method, 
access to traditional course materials, such as filmed 
lectures, readings, and problem sets, is also available 
(Borras-gene & Martinez-nun, 2016). Generally, the 
term "serious games" is used for a specific purpose of 
learning, which is different from entertainment games 
and aid to learning in students through the 
development of their domain-specific knowledge. 
The approach "Edutainment – education through 
entertainment" is followed in game-based learning. 
Table  provides a comparison of serious games with 1
entertainment games.

 These digital learning platforms exhibit immersion 
between real-world and virtual-world objects, which 
is highly significant to engage the learners throughout 
the sessions. Figure 3 depicts the amount of 
immersion involved in AR-based, VR-based, and 
Serious games. AR takes the elements that we see; and 

Fig. 3:Amount of immersion in AR & VR Technologies
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modifies them by adding relevant information, and is 
different from virtual reality (VR), which replaces a 
person's view with a simulated one. Thus, AR and 
serious games reflect partial immersion of user in the 
synthetic/virtual environment whereas virtual reality-
based solutions offer complete immersion and 

engages the learner throughout the learning process.

 The three technologies, viz. AR, VR and Games in 
education, chosen for the survey have been 
summarized on the basis of advantages and 
disadvantages in Table .  2

Table 2 : Advantages and Disadvantages of Technologies For Engineering Education

In many cases, graduates with sound theoretical 
knowledge lack practical knowledge. The main 
reason behind it is the lack of resources like labs, 
instruments, etc. The remote labs presented with 
graphical visualization to assist the students in 
developing their skills offer a solution to this problem. 
However, even they are not very efficient since these 
systems lack reality. It is easier to understand the 
practical concepts when the experiments are 
performed in real. In order to overcome this problem, 
augmented reali ty  (AR) can  be used in a 
demonstration of experiment-related interfaces in 
distant labs. Students can perform experiments with 
real and virtual elements for better understanding 
(Mackay, 1998). There are many fields in education 
utilizing these technologies, such as augmented 
reality, virtual reality, and games by incorporating the 
algorithms from computer vision, and are also helpful 
for online teaching-learning for educational 
engineering labs with distributed system architecture. 
The real-time video of instruments and equipment of 
an experiment can be presented. Students can transfer 

smoothly from augmented video demonstrations of 
equipment in a remote lab to actual equipment in a real 
lab.

3. An Exploration Of Different Interactive And 
Immersive Technologies For Higher Education

 In order to comprehend the role of interactive and 
immersive technologies, research papers from SCI 
and Scopus indexed journals are considered in this 
study. The focus areas in these papers are higher 
education and especially engineering education. Table 
III presents the summary of the study conducted and 
highlights the significant outcome, the approach 
followed, and the evaluation technique applied to 
different tools developed for digital learning. 

 Table  presents the vast areas of applications 3
where interactive and immersive technologies find 
their place, to benefit the outcome of students learning 
in one form or the other. It shows that, during last 5-
years, a significant amount of research has been 
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Table 3 : Survey Of 5-years of Using Immersive and Interactive Technologies In Higher Education
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carried out in the higher education domain to improve 
the student learning, reduce the cognition, achieve 
enhanced user experience, student engagement, 
technological acceptance, and usability of the 
developed systems. The interactive and immersive 
technologies, as listed above, have shown positive 
results and offer a further scope of improvement for 
implementation in other fields of education as well.

4. Conclusion

 The trends and technologies discussed in this paper 
have been tested and proven to be beneficial in the 
engineering education domain. The use of different 
technologies such as games in education, virtual 
reality, and augmented reality has been advancing day 
by day and making a vast ocean of opportunities for 
the student's bright future. These technologies can 
remove the blind spots that otherwise are left 
unchecked by traditional chalk and board learning 
methods. Incorporating these techniques into the 
teaching pedagogy proves an effective tool to bring 
out the change in imparting engineering education 
even during the COVID-19 pandemic. It is easy for 
teachers/instructors to inculcate interactive 
techniques such as serious games and immersive 
techniques such as augmented reality in their regular 
classroom. The use of AR enables long-term memory 
retention in students and improves physical task 
performance. Games have the potential to create a 
more versatile environment for learning in a 
classroom. However, the initial costs of setting up 
these technologies can be high. Nevertheless, in the 
long run, it will substantiate a better learning 
environment for the students and, in turn, craft better 
engineers for the industry. Better understanding and 
practical learning provided by these technologies can 
hold a bright future and valuable growth. 
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