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ABSTRACT

Evolution of technology is now compelling changes in the present education system through augmented reality which provides
new opportunities for improvement in the quality of teaching and learning. This paper reviews several literatures for the use
of augmented reality in education.

INTRODUCTION

Tremendous technological advancement in both hardware and software fields in recent years enabled us to bridge
the gap between virtual and real environment and make a new paradigm of augmented reality. In augmented reality,
computer generated graphics are mixed with user’s view field to provide extra information about their surroundings
which act as visual guide for completion of given task. This enhances the senses of users which could not be achieved
ordinarily. Augmented reality has been defined by many authors but simply could be said as “three-dimensional virtual
objects which get integrated on three dimensional real environments in real time.”1 In fact there are three essential
properties of augmented reality, viz.

1) combination of virtual & real objects in real environment,
2) alignment of virtual & real objects with each other, and
3) running both virtual & real objects interactively in real time.

Just the presence of digital media in real world is not enough in the context of augmented reality. For example,
when a person passes with mp3-player by listening music does not situate the augmented reality. It also not includes
films like “Jurassic Park” wherein photorealistic virtual objects get blended with real environment in three dimensions
as these are not interactive. Digital media should have explicit intention to supplement or augment our surroundings
through additional information.

A helpful visualization for augmented reality is provided by Milgram, et. al., by representing augmented reality
on reality-virtuality continuum as shown in figure 1. 2 They represented all real objects and all virtual objects in together
on continuum and defined the mixed reality as the area where both the extremes meet.

FIGURE 1. REALITY-VIRTUALITY CONTINUUM, RE-DRAWN FROM MILGRAM ET AL., 19942
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As seen from figure 1, both virtual as well as real environments can be augmented in terms of augmented reality
and augmented virtuality. Even though much interesting work has been done for use of augmented virtuality in
education like simulating experiments on computers, games used for active learning, use of ICT in learning process3

etc. Contrary to augmented virtuality, the main motive of augmented reality is to ease the user’s life by providing virtual
information just adjacent to real environment like live-video stream. Here we are more concern how learning could
be enhanced in augmented real world. As we compare with augmented virtuality, the augmented reality has better
sense and interaction of reality. Figure 1: Reality-Virtuality Continuum, re-drawn from Milgramet al., 19942

This paper presents a review of methods adopted for the use of augmented reality in education, their results
with the challenges faced during implementation and future studies needed to be carried out.

METHODS ADOPTED TO AUGMENT THE REALITY

There are various techniques/technologies which can be used in augmenting the reality these are described below:

1) To augment a user, one can wear or carry a device (usually on head/hands) to get the information about
physical objects. These devices allow the users to see, hear and touch the artificially created objects so
that they become immersed into virtual computer environment like sophisticated flight simulators to
imaginative games.4 For example, by wearing a data glove, projections of slides and video can be controlled
in the same way as user does by making natural gestures. 5 The user can make such gestures while making
a talk. There are some applications whereby user can see through physical objects. For example, an
obstetrician can examine pregnant women with her ultrasound report in the form of video image of women
merged with computer-generated ultrasound image which will be replica of current position of live image.5
Knowledge-Based Augmented Reality for Maintenance Assistant (KARMA) lets repair technician to look
through relevant repair diagrams superimposed onto a live video image of actual device.

2) To augment physical object, that physical object is changed embedding input, output or computational
devices on or within it. An electronic brick can be made by simple electronic devices such as sensors (to
sense light, sound, touch, proximity), logic devices (like gates, flip-flops, timers) and action elements like
motors, light etc.

3) To augment environmental surroundings by user and object so that neither the user nor the object get
affected is done through independent devices which provide and collect information from surrounding
and display information onto object and capture information about the user’s interactions with them. For
example, a digital desk comprised of video camera to detect where user is pointing and close-up camera
to capture images of numbers, which are then interpreted via optical character recognition.7 An overhead
projector projects the changes made by user back onto the surface of desk.

LEARNING APPROACHES

In this modernization where kids play with sophisticated gaming and use advanced communication tools, the
traditional teaching methods find no place. The entire teaching-learning process comprised of lectures, taking notes,
reading facts from books and taking exams became outdated and boring which is affecting the overall education
system raising serious questions and seeking a must revival. The efforts must be done to make learning more
interesting using today’s technological advances rather than transferring professor’s notes to students’ notes without
striking minds of learners. The true learning could be accomplished by live experimentation in classrooms. It is human
psychology to learn best by doing rather than reading or listening. More the senses (like sight, sound, touch, emotions
etc.) involved in while learning more powerful the learning experience is.
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The use of augmented reality in education can make learning process more immersive and easier to be made
available everywhere. It offers visualization interface that can be advantageous compared to other visual means of
communication used in the traditional learning. Education researchers believe that augmented reality has vast potential
and numerous benefits for augmentation of teaching and learning environments.8 Some of the promises that
augmented reality make in context of teaching learning process are listed below.

1) It can stimulate, motivate and engage the learners during the classroom teaching by enable them to explore
class materials through different angles.

2) It can help the students in learning those subjects where students could not feasibly gain real world
experience like astrology and geography.

3) It can enhance collaboration among students and teachers and among students themselves.

4) It can enhance the student’s creativity and imagination.

5) It can enable the students to take control of learning process at their own hand so that they can learn
at suitable pace and path.

6) It can enable learners to create a learning environment suitable to their learning style.

Even though augmented reality uses high-end electronic gadgets but these technologies themselves should not bother
the educational researchers. Fact is however that in education we should be bothered about how to use these tools
to enhance teaching-learning process. We should refer augmented reality as a concept rather than type of technology.

LEARNING-BASED ON AUGMENTED REALITY: RESEARCH TEAMS AND THEIR EXPERIENCES

The use of augmented reality for educational purposes elaborated years back, since then relatively few research teams
are actively exploring augmented reality. Some of these studies are discussed here to give a sight of present scenario.

Kerawalla et al., elaborated teaching astronomy with augmented reality to elementary school students. 9 This
study comprised of two sessions, through traditional teaching method other through augmented reality. In traditional
teaching session they included reading book, lecture about solar system and demonstration of 3D objects by tennis
ball, string, torch etc., while in augmented reality teaching session they used combination of technologies like
whiteboard, projector, web camera, AR-tile, and virtual 3D modeling package. In both the sessions, earth spinning
and rotation was demonstrated to explain day and night concept. Authors then analysed the questions teacher asked
in two sessions and teacher’s interview after these sessions. They found that 3D imaginations used during augmented
reality session made inaccessible subject available to students. Hence augmented reality can enhance learning process
by using 3D synthetic objects for students by enabling them to interact with them.

A mobile device based on augmented reality could enable enhanced learning by computer simulations, games,
models and virtual objects embedded in real environment. Such devices could include learning though portability,
social interaction, connectivity at the same time protecting individuality. Several mobile games have been developed
to support the learning outside the classrooms. Tarng et al. performed an experiment using mobile based augmented
reality to learn the butterfly ecology with fourth grade students.10 In this project students were able to breed their
own virtual caterpillars on the host plants using their smart phones. It is found that the learners became familiar
with butterfly’s life cycle by observing their growth more effectively.

Environmental detective is another mobile based augmented reality tool, wherein students can gather data
unique to the location by handheld computers and play as environmental engineer.11 They can analyses and interpret
the data which they gather from mobile device equipped with GPS and propose the solutions to the context. For
example, life science students passing through a tree in school playground play with environmental detective, a video
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starts describing various habitats and animals found near that tree which make student location-aware. Also at the
end of video student advised to point mobile video camera on to tree base, which then trigger a 3D model illustrating
the anatomical structure of that tree. It is found that by engaging students in virtual game learning can make them
more informed and sensitive towards environmental issues. Learning using handheld devices can distract students
in mobile environment that can be taken care of by detecting student location, their working status, providing task
reminders. Social interactions can also be enhanced when learners collaborate through networked mobile devices.
Thus, augmented reality based learning can include real-time feedback also providing verbal and nonverbal clues
to learners. Augmented reality can support science learning by providing visualization of concept that otherwise are
invisible such as airflow, magnetic fields by using virtual objects like vectors.12 It can provide a tool to build 3D
molecular models, rotate these models by selecting chemical elements.

Project CONNECT is developed to support students learning science subjects both in formal and informal
environments based on mobile augmented reality. It requires the learners to wear a head mounted display and a
computer based learning platform which enable students to visualize, interact physically and intellectually. This
platform also deals with instruction materials, through hand on experiments. This enables the students to perform
experiments which are otherwise not possible to perform in school/college laboratories. Arvanitis et al.performed
a study with learners with physical disabilities.13 This study found an interesting fact that disabled student had almost
same results as compared to able-bodied students. Hence CONNECT project have potential to improve the span
of education especially for disabilities students. Martin et al. developed an educational application named Enreda
Madrid to cope up the complexity of teaching history of the city in 17th century.14 Herein the students are involved
in activities through online training and later physical gymkhana. This application was built using geolocation and
augmented reality based technologies. The evaluation of this application revealed that it definitely contributes the
learning process by making learning more fun.

CHALLENGES OF AUGMENTED REALITY IN EDUCATION

Some of the reported challenges faced during application of augmented reality in education are listed as follows:

Technological Challenge

One type of technologies used in augmented reality uses head-mounted display with additional backpack computer
equipment. It is cumbersome design to carry during learning process which causes problems like discomfort and
poor understanding. This problem can be avoided by using portable technologies that are less obtrusive and enhance
sense of immersion and presence. Even then these involve lots of devices which lead to issues of interfacing between
multiple devices and stability of such devices. The device errors cause student’s frustration and therefore identified
as noticeable problem. Such problems are expected to be solved by rapid development with regard to faster
processors, wireless receivers, large hard drives etc.

Pedagogical Challenge

As with many educational innovations in the past, the use of augmented reality in learning may encounter resistance
and constraints from administration and teachers themselves. Since learning with augmented reality requires
approaches such as simulations and studio based pedagogy which is quite different then teacher centered conventional
methods. Covering the syllabus content within given time frame also restrict the innovation in education.

Learning Challenge

Augmented reality based learning environment offers a large amount of information with the use of multiple devices
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and accomplishing complex tasks. Therefore learners may feel overloaded in such multitasking environment. Students
have been reported to be overwhelmed and confused during such multi-user augmented reality simulation because
they deal with unknown and unseen technologies. 15 A proper support is necessary to help the learners in generating
appropriate plan of action, search for possible solutions of problem they encounter, interpret the clues provided
by technological devices. In addition to it augmented reality environment uses both fantasies along with reality that
can cause confusion among students. The loss of track of real environment may not be productive in fact sometimes
may threat students’ physical safety.

CONCLUSIONS AND FUTURE RESEARCH

Discussions above indicate that augmented reality can be created by use of multiple technologies and has great
potential to support teaching-learning process even compared to mature technologies like multimedia and web based
platforms. Even though its application is at the early stages but still empirical studies show its evidence of effect
on students during learning. Most of the studies are based on development, usability and initial implementation of
augmented reality tools with small sample size and with exploration purpose only. In order to get more evidence
on educational value out of augmented reality, a comprehensive evaluation studies that include large sample with
good implementation is needed. Such studies needed to be done with especial designed curriculum complemented
by technology used which could not be accomplished by traditional learning media.
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