
Chapter 6
Augmented Learning with Augmented
Reality

Susan Herrington Kidd and Helen Crompton

Abstract Perhaps no other digital technology has the potential for revolutionizing
the educational experience as augmented reality (AR). In this chapter the philo-
sophical, pedagogical, and conceptual underpinnings are unpacked regarding
learning with AR. Specifically, AR is defined and the evolution detailed. Next,
some of the common usages of the technology are described, recommendations
given, and finally the future educational implications are presented.

6.1 Introduction

Perhaps no other digital technology has the potential for revolutionizing the edu-
cational experience as augmented reality (AR). AR is an interactive technology
which applies computer-generated information to incorporate detailed information
about locations or activities from the real world (Yuen et al. 2011). In this chapter
the philosophical, pedagogical, and conceptual underpinnings regarding learning
with AR are unpacked. Specifically, AR is defined and the evolution detailed. Next,
some of the common usages of the technology are described, recommendations
given, and finally the future educational implications are presented.

For some, AR is considered to be the realm between reality and virtual reality
where countless educational opportunities exist (Pasaréti et al. 2011). For example,
in New Zealand at the Arts Center of Christchurch, visitors are exposed to an AR
experience as they walk down into the basement room. As they enter the room, they
hear a voice of a man telling them to “Come closer into the darkness.” As the visitor
moves forward, a life-sized 3D image of an old man appears to be floating in front
of where they stand. This man explains what it was like working in that dark place a
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100 years ago. This old man is a virtual image of Ernest Rutherford, New Zealand’s
Nobel Prize winning physicist who performed his initial research as an under-
graduate at the University of Canterbury. Through the use of AR, the empty room is
turned into a unique learning experience (Billinghurst 2002). In the past 5 years,
AR applications have become increasingly more portable and available through
mobile devices (Yuen et al. 2011). The availability and portability of AR can
provide students with on-the-spot access to multi-sourced, location-specific infor-
mation which will foster continuous and universal instruction (Yuen et al. 2011).

6.2 Defining Augmented Reality

AR is a 3D technology that fuses the physical and digital world in real time
(Pasaréti et al. 2011). In other words, digital information, such as text, images, and
video are layered and blended into our perception of the real world (Yuen et al.
2011). AR differs from virtual reality in that AR permits the user to view the real
world while simultaneously viewing the virtual layered imagery (Billinghurst
2002); virtual reality provides a digitalized representation of the real world. AR is
typically utilized and viewed through either a handheld or head-mounted display
unit. These handheld and head-mounted units can be used outside the classroom,
thereby eliminating the need for instruction to be limited to a specific environmental
context.

AR is unique in comparison to other computer interfaces as it can be used to
embellish real-world experiences, as opposed to simply separating the user from the
real world and thrusting them into a virtual reality (Billinghurst 2002). These
augmentations enhance an individual’s perception and comprehension of what is
occurring around them (Yuen et al. 2011). The additional over-laid information
flows smoothly together as one visual, not appearing incongruous to the user (Yuen
et al. 2011).

6.3 Evolution of Educational Augmented Realty

Educational technology is a rapidly growing and evolving field. Schools today must
prepare their students for a society that does not currently exist. As the world
becomes increasingly complex, this becomes more and more difficult (Ohidi 2006).
Ivan Sutherland created one of the first head-mounted 3D displays in 1968, pro-
jecting a rudimentary framed graphical image into a room (Caudell and Mizell
1992). Tom Caudell, an engineer working for Boeing in 1992, designed a method
that could display cables and other parts of the aircraft, virtually, without having to
remove the shield of the machine (Caudell and Mizell 1992). Applications were
later developed that housed entire interactive translucent screens providing airmen
with basic flight information (Pasaréti et al. 2011). AR first appeared for the average
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consumer during a live sporting broadcast on television as the country’s flag could
be seen over the video of a sporting victory (Pasaréti et al. 2011).

In the last 5 years, various new headsets have been made available to the public.
Google Glass is a type of Augmented Reality device worn on a spectacle type
frame. As the user wears the Google Glass, they can see in their top right field of
vision a small screen that provides text feedback to verbal commands or tapping
and swiping the frame. Microsoft is advertising the Hololens that claims to enable
you to operate various computer programs, such as email and calendar, while
viewing them in real-world environments. For example, your calendar could appear
over your fireplace so you could check your schedule for the day.

The majority of headsets work with mobile phones that are slotted into the
headset. Cases are purchased for the headset to match the particular brand and
version of the phone. The user can download various VR applications to view with
the headset; some of these are specific to the headset and others can be accessed via
multiple devices. At the time that this chapter was written, there are four main
headsets available to the public; Occulus Rift, VR One, Poppy3D, and Google
Cardboard. The Occulus Rift can be used for playing immersive games and VR
movies. At the end of 2014, the VR One was available with opportunities to take 3D
sightseeing tours to famous destinations and tour VR museums. The Occulus Rift
and VR One offer 360° × 360° vision. Therefore, you can turn to your left or right
in a complete circle to look all around you, and you can also look up at the sky and
down at the floor.

AR devices can be expensive for whole class one-to-one purchases. For this
reason, other solutions have been made available. The Poppy3D provides 360° ×
360° experiences and the ability to record video in one direction. Nonetheless, the
cheapest option at this time is to purchase Google Cardboard. As the name sug-
gests, this is a cardboard headset with a Velcro panel access to place your phone.
Using Google Cardboard some 360° × 360° experiences can be gained; however,
the quality does decrease to match the decrease in the cost of the headset.

6.4 Augmented Reality in Education

Technology has changed the way people work and socialize. A new generation of
students has emerged, who fully engage in the technological affordances available.
These technologies are seeping into educational practice as Sharples (2005)
describes:

Every era of technology has, to some extent, formed education in its own image. That is not
to argue for the technological determinism of education, but rather that there is a mutually
productive convergence between main technological influences on a culture and the con-
temporary educational theories and practices. (p. 147)

Pedagogies are also changing due to pressure from educators and governments
advocating for educational reforms to utilize these technologies for educational
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purposes (Common Core State Standards Initiative 2010; Greenhow and Robelia
2009; Jonassen et al. 2008).

AR technology has matured to the point where it can be applied to a much wider
range of application domains and education is an area where this technology could
be especially valuable (Billinghurst 2002). An educator’s vision of omnipresent
learning could become a reality with AR, as students are able to access a vast array
of location-specific information that has been assembled and supplied by an
assortment of resources (Yuen et al. 2011). However, AR experiences must be
aligned with the student’s interests if they are to be educationally effective (Bujak
et al. 2013).

6.4.1 Educational Affordances

Using AR in K-12 can provide many pedagogical affordances (Billinghurst 2002;
Klopfer 2008) as AR can engage, inspire, and induce students to explore educa-
tional concepts from different perspectives (Kerawalla et al. 2006). As students use
the AR they are connected to a very stimulating multi-sensory experience. Learning
is hightened as the students engage in hands-on manipulation of materials and
handle the acquired knowledge in a new and interactive fashion (Wu et al. 2013).

Additionally, researchers have worked to implement AR within those educa-
tional genres which have historically proven difficult for students to acquire
real-world, first-hand experience, such as physics and astronomy (Lee 2012). AR
technologies enable students to take greater control of the speed and direction of
their education, while also generating a genuine educational atmosphere conducive
to individuals with diverse learning styles (Hamilton and Olenewa 2010). In today’s
schools, educators are requiring students to be critical consumers of knowledge and
not passive learners focused on memorization. Klopfer and Yoon (2004) found that
AR can be used to develop active learners as it can be used to develop and enhance
critical twenty-first century IT skills.

It is suggested that the role-playing intrinsic to the AR experience may result in an
increased sense of confidence and efficacy relative to the field of study (Wasko 2013).
While partaking in virtual activities and by learning to assume virtual personas,
students can learn to separate themselves from negative self-concepts which could
potentially hamper their education (Steinkuehler and Williams 2006). Dede (2008)
posits that students show an increased ability to apply what they learn into a variety of
scenarios including both AR activities and real-life situations (Yuen et al. 2011).

Motivation is a reported benefit as students’ attention is maintained throughout
the class and students reach higher levels of participation in educational activities
with less cognitive efforts (Di Serio et al. 2013). Students reported that using AR
programs increased their motivation for learning, made them feel more like active
investigators, increased their interest in the physical settings and content of the
experience, and helped them view issues from multiple vantage points (Wasko
2013).
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The instructional practice AR provides is unique for three main reasons; it offers
seamless interaction between real and virtual environments, it facilitates a tangible
interface metaphor for the handling of items, and it offers a smooth shift between
reality and virtually (Billinghurst 2002).

6.4.2 Learning with Others

Billinghurst (2002) conducted studies on collaboration and AR. These are findings
come from that work. Within the classroom, students’ collaborative work efforts
improve when they are utilizing a shared workspace. However, this proves difficult
to accomplish when working on computer-based instruction. Inkpen (1997) pos-
tulates that students’ achievement improves when they are crowded around a
solitary computer, as opposed to working on individual machines. Group com-
munication patterns also change when students are seated in front of one computer
compared to when students have an open communication space between them such
as at a worktable. Students alter their gaze, mannerisms, and other nonverbal
actions when they are no longer facing each other around a workspace, but instead
sitting side-by-side in front of a joint computer workstation. The use of AR allows
students to be seated in a round table fashion, while simultaneously situated around
the virtual image. Billinghurst found that AR marries the desired group commu-
nication patterns of students seated around a joint workstation, with the instinctively
physical collaborative nature of students in front of a solitary computer. The end
result is an authentic conversation through technology.

6.4.3 Tangible Interface Metaphor

To express understanding in an instructional environment, tangible items are often
used. In a collaborative setting, these tangible items are utilized to launch a shared
understanding (Gay and Lentini 1995). Billinghurst (2002) found that the rela-
tionship between virtual and tangible items is very personal in AR and these tan-
gible items can be embellished in ways that are impossible in traditional settings.
The advantage is that students with little to no technology experience will still enjoy
a fulfilling interactive experience.

6.4.4 Transition

The extent to which the user’s world is digitally created can be used as the defining
range on a visual spectrum of computer interactions (Milgram and Kishino 1994).
Virtual imagery increases and the level of interaction with reality decreases, moving
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from the left to the right on the spectrum (Billinghurst 2002). This spectrum
illustrates how AR technology can be transitioned from being introduced to grad-
ually increasing virtual depth.

6.5 Augmented Reality Programs for Education

AR programs could potentially enhance a myriad field of study, from geometry
lessons, to 3D representation of cells in biology, to displaying molecular structure
in chemistry, and simulating a sport in physical education (Pasaréti et al. 2011). AR
allows any subject to become more vibrant, appealing, and interactive (Pasaréti
et al. 2011). Educational AR games and AR books are two such platforms.

6.5.1 AR Educational Gaming

Games are routinely used in the classroom to facilitate instruction in concepts that
are confusing or complicated (Yuen et al. 2011). AR technology has the potential to
assist educators by presenting difficult information, associations, and relationships
in alternative ways (Yuen et al. 2011). Educational AR games insert a layer of
information which augments ‘users’ experience of reality (Klopfer and Squire 2008,
p. 205). This is often accomplished through handheld devices. Klopfer and Squire
refer to these AR applications as ‘‘augmented reality educational gaming’’ (2008,
p. 203). This layer of information connects the learner to a particular place, location,
or time. Educators are then able to manipulate this technology for instruction in
specific geographic locations, events in history, or science and mathematical con-
cepts (Klopfer and Squire 2008). Some of the most common examples of AR
gaming involve smart-phone applications which incorporate GPS information,
effectively connecting real-world information and virtual images (Yuen et al. 2011).

6.5.2 Augmented Realty Books

AR books may very well be the books that close the gap between the digital and
physical world and AR books can offer a vital conduit for students because through
the use of AR gear, users are able to experience three different levels of reality
while utilizing an interactive AR story book (Yuen et al. 2011). In the first level, a
simple book could be utilized collaboratively by several users while actually
holding and using the book itself. In the second level, several users could view 3D
or animated-added AR content in an AR pop-up book. In the third level, AR gear is
used to allow users “to ‘fly’ or ‘teleport’ into the 3D environment produced by the
book, and then participate in the story as it unfolds, interacting with virtual objects,

102 S.H. Kidd and H. Crompton



characters, or even other ‘readers’” (p. 132). This is the moment when users no
longer exist in the real world, but have transitioned to acting within a virtually
augmented, real-world setting and then become completely engrossed in an inter-
active and wholly virtual setting (Yuen et al. 2011).

Digital native students are attracted to the 3D appearance and interactive
activities that AR brings to the educational activities (Yuen et al. 2011). When these
3D appearances and interactive activities are melded with literacy, as in the AR
book, “The Future is Wild: The Living Book,” developed by Meatio in Germany
and launched at the Frankfurt Book Fair in 2011, it demonstrates the potential for
readers to develop deeper connections in the book (Yuen et al. 2011).

6.5.3 Book Applications

There are various AR books available to the public. The MagicBook is an AR book
that Lee (2012) described as an enhanced version of a traditional pop-up book.
This AR interface system permits AR content to be produced for a traditional book
and then brings the story to life with animated and interactive models drawn from
the text or illustrations already in the book. Young children can imagine themselves
as active participants in a story as the MagicBook brings this dream to fruition using
a traditional book as the main interface object. These books remain traditional in
every way; turning pages, observing the illustrations, and reading the text without
the requirement of any additional technological device. However, with the use of a
handheld AR display, readers will now see 3D virtual models projecting from the
pages.

ZooBurst is another system which allows students to design their own 3D
pop-up books. Storytellers choose one of the books on the Website and then simply
hold the ZooBurst marker in front of their Webcam. The on-screen book is entirely
interactive and customizable; from arranging characters and props to uploading
personalized artwork, to changing the page, clicking on characters to see the dia-
logue, or tipping the pages in different directions to see it from different angles,
audio files can even be recorded. Another AR pop-up book is the Digilog Books
and when students wear the appropriate eye wear, 3D characters launch from the
pages. AR books can be used at the elementary school level to supplement
instruction on subjects such as geology; demonstrating the earth’s layers, their
relationships, differences, and roles (Yuen et al. 2011).

AR books will change the way stories are experienced; commanding increased
awareness from the storyteller on an array of concerns, such as the book’s structure,
value, and immersiveness and “The potential of AR books to appeal to many types
of learners, through many paths, is undeniable and exciting for educators” (Yuen
et al. 2011, p. 128). These AR interfaced books can change the way students and
teachers view and use traditional textbooks. Textbooks no longer need to be
stagnant wells of information (Billinghurst 2002). AR can transform the printed
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page into an avenue with the capacity to transfer students into animated, interactive
virtual environments.

6.6 Teaching with Augmented Reality

AR for educational purposes has a foundation in constructivism and situated
learning theories (Wasko 2013). Collaborative assignments can be improved
through the use of AR (Kesim and Ozarslan 2012). AR can be used to position
students outside of the classroom in authentic situations and the capacity to offer
learners opportunities to test potential solutions to situations or problems and to
explore the outcomes for acceptability (Wasko 2013). The ability to experience
these types of issues is not available in our current environment, but through AR we
will be able to understand our current environment better (Wasko 2013).

6.6.1 Student-Centered Learning

Today’s learners are encouraged to be active, reflective thinkers in the learning
process. This cultural and societal pedagogical shift from passive learners to active
participants has been driven by reactions to behaviorism, minority rights movements,
wider access to education, linguistic pragmatism, and increased internationalism
(Gremmo and Riley 1995). With the diachronic pedagogical advancements towards
student-centered learning, a concomitant progression can be found in technological
affordances manipulated to support those learning philosophies (Crompton 2013).
From the discovery learning of the 1970s, to the socio-constructivist learning
approach of the 1990s, educators have been working towards designing curriculum
and utilizing technologies to enable students to connect with the material and
understand the concepts being taught.

With the introduction of AR, educators have been provided with a way to push
the boundaries of traditional pedagogies. Components of constructivism are clear
within the design of AR learning environments as students are given the oppor-
tunity to connect educational concepts to form their own understandings (Wasko
2013). Students can investigate the world around them, learn through their suc-
cesses and mistakes, and find multiple outcomes. The problem-based style of many
of the educational settings, along with the goal of reducing the margins between
learning and doing, are evidence of the sway the situated learning theory has within
AR learning environments (Wasko 2013). Another key element of this instructional
approach is that students experience the augmented version of the reality in the real
world, not as an avatar in a virtual world in their computer (Wasko 2013).

Barab and Duffy (2000) posit that once students enter the AR world or “practice
fields,” teachers’ objectives transition from conceptual learning to an authentic
educational experience that is very likely to require the use of learned skills or
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ideas. Students have the opportunity to experience and train for situations or
problems without the added risk of injury or mishap, such as natural disasters,
hazardous material concerns, or any other task which may be logistically or
physically too dangerous to perform in the real world (Wasko 2013).

6.6.2 Designing for Learning

Kirkley and Kirkley (2005) stated that “with advances in computer technologies
and networked learning, we have exciting opportunities to design learning envi-
ronments that are realistic, authentic, engaging and extremely fun” (p. 20).
Additionally, with the improvements in required hardware and software, an
increased number of students and instructors have the capacity to develop and
utilize AR enhanced instructional environments (Wasko 2013). Teachers can now
create interactive environments to enhance their lesson plans on everything from
specific historical landmarks or locations, specific time periods, or environmental or
weather situations like volcanoes or hurricanes which would be exceptionally
dangerous to explore first-hand.

Cuendet et al. (2013) report of three things that must be remembered when
designing AR learning activities. The first is that the AR system must be flexible
enough so that teachers can make necessary adaptations to meet the needs of their
students. Second, AR lessons should be the same content size and length as tra-
ditional lessons and from the same curriculum. Third, the system must take into
consideration the limits of the context.

6.7 The Future of Augmented Reality in Education

While AR technology is not new, its use in education is still in its infancy. In order
to determine how to best utilize this technology in the school environment, edu-
cators must continue to work with researchers within the field (Billinghurst 2002).
Current research suggests that AR technology has potential as a practical extension
to textbooks and exercise workbooks, allowing for hands-on experiences to facil-
itate the lessons (Pasaréti et al. 2011). AR is becoming more commonplace in
today’s society. The accessibility and affordability of mobile devices and other
hardware with the capability to process and display information at rapid speeds has
made the potential use of AR possible (Yuen et al. 2011). However, as the tools
facilitating AR continue to evolve, so must the research and development of edu-
cational AR applications.

Experts reported in the 2015 Horizon Report K-12 Edition that AR as a visu-
alization tool is an important technological development and a way of teaching
complex thinking (Johnson et al. 2015). However, additional scaffolding and
support would be required to assist educators in developing a suitable instructional
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framework, identifying possible answers to their issues, and decoding the clues
provided by the technological devices and embedded in the real-world environment
(Wu et al. 2013). It will become necessary to find instructional designers who can
create the learning activities for AR systems in the future (Kesim and Ozarslan
2012).

6.8 Recommendations

As educators consider implementing AR in their educational activities, the fol-
lowing recommendations can help get the most out of the experience.

• Provide multiple opportunities for students to collaborate and share their AR
experiences.

• Provide opportunities such as field trips to optimize AR’s inherent mobile
capabilities.

• Utilize AR as an additional learning platform in conjunction with other visual,
auditory, and tactile opportunities.

• Connect AR experiences to educational standards.
• Think outside the box, rather than try to fit AR to a traditional approach.

6.9 Conclusion

AR offers extensive opportunities for educators to create authentic, engaging, and
customizable learning experiences for their students (Yuen et al. 2011). The unique
affordances of AR have pushed the boundaries of traditional pedagogies to enable
educators to provide rich, student-centered, learning experiences. AR technology
has the potential to be a powerful remediation and special education tool because of
its inherent mobile capabilities. Future researchers may consider how AR programs
could be used to help students who struggle with dyslexia or other reading dis-
abilities to read clearly. Perhaps AR programs could be individually designed as a
corrective layer for each student’s particular reading disability. As AR technologies
evolve future researchers could discover new affordances to learning using AR.

This chapter offers researchers, educators, and policy makers’ insight into the
educational opportunities for AR in K-12 learning. In addition, a set of recom-
mendations are provided to those who seek to employ these methods to enhance
learning opportunities. From one of the early AR devices developed by Ian
Sutherland in 1968, AR developers have made great leaps in technological
advancements. However, AR is only still emerging with many researchers, prac-
titioners, and policymakers eagerly waiting to see what AR learning opportunities
will be provided in future years.
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