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This introductory chapter provides an overview of the major media used for
immersive learning: virtual reality, augmented reality, and mixed reality. The
origin of this book is described, and a brief history of immersive media in
education is presented. A detailed conceptual framework articulates the ways in
which immersive media are powerful for learning. The chapter concludes with
a description of each subsequent chapter in the volume.
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1. ORIGIN OF THIS BOOK

We live at a time of rapid advances in both the capabilities and the cost of
virtual reality (VR), multi-user virtual environments (MUVES), and various
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forms of mixed reality (e.g., augmented reality (AR), tangible interfaces).
These new media potentially offer extraordinary opportunities for enhancing
both motivation and learning across a range of subject areas, student
developmental levels, and educational settings. However, past generations of
learning technologies have seldom fulfilled the promise they offered, because
of shortfalls in orchestrating research, development, policy, practice, and
sustainable revenue to achieve transformational change in education.

With the sponsorship of NetDragon Websoft, a Chinese gaming and
education company, in January, 2017 the Immersive Learning Group at the
Harvard Graduate School of Education, and the Smart Learning Institute at
Beijing Normal University co-convened an invitational research workshop of
research experts in immersive learning. Its goal was to describe the leading
edge of research in this field, as well as to push forward the evolution of next-
generation immersive learning experiences. This volume is based on chapters
these experts presented at that workshop and later refined based on feedback
from rich discussions among participants. Overall, the goal of the workshop
and book is to develop a strategic vision for educational VR and immersive
learning. This will include evaluations of long term potential and
opportunities, as well as current problems and barriers. Further, the ideas in
the book can inform a research and development agenda for the field.
Achieving this agenda will require understanding and surmounting issues with
implementation, as well as the development of testbeds at scale.

The discussion at the workshop was scholarly and sophisticated, since we
are a select group of researchers deeply familiar with this field. However, this
book is written to be accessible to a broad audience, since we want to reach a
much wider spectrum of stakeholders in immersive learning: teachers,
administrators, scholars, policy makers, instructional designers, evaluators,
industry leaders.

Also, even experts are still refining their definitions of terms in this field.
For that reason, we include a glossary towards the end of this chapter that
provides our definitions as used to frame the workshop. However, the authors
of each chapter may use somewhat different definitions and will describe why
in their discussions.

2.  ABRIEFHISTORY OF IMMERSIVE MEDIA IN
EDUCATION

Virtual Reality (VR) was invented in the 60’s or 70’s with the flight
simulators developed by military aerospace, although they might be better
described as Mixed Reality (MR). [The next section of this chapter provides
detailed definitions for all these terms.] The advance of research on
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educational applications of VR has been uneven, with empirical studies rare
(Jacobson, 2008). VR was shown to be very effective for learning procedural
tasks, in which students learns a sequence of steps to accomplish a task
requiring maneuvers in three-dimensional space. Examples include as
operating a vehicle, fixing on a complex piece of machinery, and finding your
way around an otherwise unfamiliar landscape. The scientific literature on this
is vast, but it never found significant use in K-12 education, which tends to
emphasize declarative knowledge, primarily facts and concepts. Also, until
2015 equipment of usable quality was unaffordable at scale in classroom
settings.

In the early 2000’s multi-user virtual environments (MUVES) and
augmented realities (AR) came on the scene, and soon educational research
established their effectiveness for learning. Further, these technologies were
affordable at scale. But again they did not penetrate the K-12 market, for
reasons discussed in Richards’ chapter.

Today, VR AR and MR are all flourishing in the consumer market. Google,
Samsung, SONY, and Facebook all have Head Mounted Devices (HMDs) and
were joined by a half dozen new devices at the 2017 Consumer Electronics
Show. PokamonGO® had 100 million downloads from its launch on July 6,
2016 through December, 2016 and has been earning over $10M per day on
I0S and Google Play combined. After twenty-five years of educational
research, the consensus of the participants at the conference was that the time
has come for these new technologies to have a substantial impact in education.

3. A CONCEPTUAL FRAMEWORK FOR VR IN
EDUCATION

Learning experiences designed to teach complex knowledge and
sophisticated skills are often based on “guided social constructivist” theories
of learning. In this approach, learning involves mastering authentic tasks in
personally relevant, realistic situations. Meaning is imposed by the individual
rather than existing in the world independently, so people construct new
knowledge and understandings based on what they already know and believe,
which is shaped by their developmental level, their prior experiences, and their
sociocultural background and context (Palincsar, 1998). Instruction can foster
learning by providing rich, loosely structured experiences and guidance (such
as apprenticeships, coaching, and mentoring) that encourage meaning-making
without imposing a fixed set of knowledge and skills. This type of learning is
usually social; students build personal interpretations of reality based on
experiences and interactions with others.
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Immersive media have affordances that enhance this type of learning.
Psychological immersion is the mental state of being completely absorbed or
engaged with something. For example, a well-designed game in a MUVE
draws viewers into the world portrayed on the screen, and they feel caught up
in that virtual environment. The use of narrative and symbolism creates
credible, engaging situations (Dawley & Dede, 2013); each participant can
influence what happens through their actions and can interact with others. Via
richer stimuli, head-mounted or room-sized displays can create sensory
immersion to deepen the effect of psychological immersion, as well as induce
virtual presence (place illusion), the feeling that you are at a location in the
virtual world (see Slater’s chapter for more details).

Three types of immersive interfaces underlie a growing number of formal
and informal learning experiences:

o Virtual Reality (VR) interfaces provide sensory immersion, at present
focusing on visual and audio stimuli with some haptic (touch) interfaces.
The participant can turn and move as they do in the real world, and the
digital setting responds to maintain the illusion of presence of one’s body
in a simulated setting.

e Multi-user Virtual Environment (MUVE) interfaces offer students an
engaging Alice-in-Wonderland experience, going “through the screen” to
a simulated setting in which their digital avatars convey psychological
immersion in a graphical, virtual context. The participant represented by
the avatar feels remote presence inside the virtual environment: the
equivalent of diving rather than riding in a glass-bottomed boat.

e Mixed Reality (MR) interfaces combine real and virtual settings in various
ways, to enable psychological immersion in a setting that blends physical
and digital phenomena. For example, an outdoor augmented reality (AR)
experience using mobile devices can superimpose information,
simulations, and videos on a through-the-camera-lens view of natural
phenomena (Dunleavy & Dede, 2013).

The range of options is complex, because new sub-types of VR, MUVEs,
and MR are constantly emerging. Each has unique strengths and limits for
aiding learning, so understanding how to choose the right medium for a
particular educational situation is an important next step in realizing the
potential of immersive media in learning. However, some aspects of
immersive learning apply across all these media.

3.1 How immersive presence enhances motivation and

learning
Immersion in a mediated, simulated experience (VR, MUVE, or AR)
involves the willing suspension of disbelief. Inducing powerful immersion for
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learning depends on designs that utilize actional, social, and

symbolic/narrative factors, as well as sensory stimuli (Dede, 2009):

o Actional Immersion: Empowering the participant in an experience to
initiate actions that have novel, intriguing consequences. For example,
when a baby is learning to walk, the degree of concentration this activity
creates in the child is extraordinary. Discovering new capabilities to shape
one’s environment is highly motivating and sharply focuses attention.

o Symbolic/Narrative  Immersion:  Triggering  powerful  semantic
associations via the content of an experience. As an illustration, reading a
horror novel at midnight in a strange house builds a mounting sense of
terror, even though one’s physical context is unchanging and rationally
safe. Narrative is an important motivational and intellectual component of
all forms of learning. Invoking intellectual, emotional, and normative
archetypes deepens the experience by imposing a complex overlay of
associative mental models.

e Sensory Immersion: This occurs when the student employs an immersive
display, like a head-mounted display, a CAVE, or a digital dome. The
display presents a panoramic egocentric view of some virtual world, which
the student leverages to imagine him or herself to be there. This type of
immersion has been used extensively for vehicle training and other
procedural learning applications. There is also solid evidence that it can
advantage students who need to learn the declarative knowledge connected
to three-dimensional structures (Salzman, Dede, Loftin, & Chen, 1999;
Jacobson, 2011, 2013).

e Social Immersion: As discussed in Gardner’s and Kraemer’s chapters, rich
social interactions among participants in a shared virtual or mixed reality
deepens their sense of immersion. In the real world, we participate in
shared processes of reasoning between people who leverage their
environment to make decisions and get thingss. To the extent that a virtual
or partially virtual environment supports this, it draws the user in, makes
him or her feel more a part of it.

Psychological immersion is achievable in any of these interfaces by design

strategies that combine actional, social, symbolic, and sensory factors.
Immersion is intrinsically helpful for motivation and learning in some

ways, but not necessarily useful in others. In mastering complex knowledge
and sophisticated skills, students learn well in a Plan, Act, Reflect cycle

(PAR), in which first they prepare for an experience that involves doing

something they want to master, then they attempt that performance, and finally

they assess what went well, what did not, why, and what they need to learn in
order to execute a more successful repetition of the cycle. Immersion is great
for the Act part of the cycle, but unless used carefully can interfere with the
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Plan and the Reflect parts of the cycle. This—and numerous other factors—
make effective instructional design for immersive learning complex.

3.2 Situated learning and transfer via psychological

immersion

The capability of VR, MUVE, and MR interfaces to foster psychological
immersion enables technology-intensive educational experiences that draw on
a powerful pedagogy: situated learning.

Situated Learning: “Situated” learning takes place in the same or a
similar context to that in which it is later applied, and the setting itself
fosters tacit skills through experience and modeling. For example, in
a medical internship, both the configuration and the coordinated team
activities in a hospital surgical operating room provide embedded
knowledge.

Situated learning requires authentic contexts, activities, and assessment
coupled with guidance from expert modeling, mentoring, and “legitimate
peripheral participation” (Wenger, 1998). As an example of legitimate
peripheral participation, graduate students work within the laboratories of
expert researchers, who model the practice of scholarship. These students
interact with experts in research as well as with other members of the research
team who understand the complex processes of scholarship to varying
degrees. While in these laboratories, students gradually move from novice
researchers to more advanced roles, with the skills and expectations for them
evolving.

Related to situated learning is embodied cognition, an instructional
strategy that posits retrieving a concept from memory and reasoning about it
is enhanced by creating a mental perceptual simulation of it (Barsalou, 2008).
For example, research shows that second grade students who acted out stories
about farms using toy farmers, workers, animals, and objects increased their
understanding and memory of the story they read. Steps involved in a
grounded cognition approach to learning something include having an
embodied experience (which could be created by immersive interfaces),
learning to imagine that embodied experience as a mental perceptual
simulation, and imagining that experience when learning from symbolic
materials.

Potentially quite powerful, situated learning is seldom used in formal
instruction because creating tacit, relatively unstructured learning in complex
real-world settings is difficult. However, VR, MUVE, and MR experiences
can draw on the power of situated learning by creating immersive, extended
experiences with problems and contexts similar to the real world. In particular,
all three types of immersive interfaces provide the capability to create
problem-solving communities in which participants can gain knowledge and
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skills through interacting with other participants who have varied levels of
skills, enabling legitimate peripheral participation driven by social and
collaborative interactions.

Situated learning is important in part because of the crucial issue of
transfer.

Transfer: Transfer is the application of knowledge learned in one
situation to another situation, demonstrated if instruction on a learning
task leads to improved performance on a transfer task, typically a
skilled performance in a real-world setting. For example, statistical
reasoning learned in a classroom can potentially aid with purchasing
insurance, or with gambling.

A major criticism of instruction today is the low rate of transfer generated
by conventional instruction. Even students who excel in schooling or training
settings often are unable to apply what they have learned to similar real-world
contexts. Situated learning addresses this challenge by making the setting in
which learning takes place similar to the real-world context for performance
in work or personal life. Learning in well-designed digital contexts can lead
to the replication in the real world of behaviors successful in simulated
environments (Fraser et al., 2012; Mayer, Dale, Fraccastoro, & Moss, 2011,
Norman, Dore, & Grierson, 2012).

Moreover, the evolution of an individual’s or group’s identity is an
important type of learning for which simulated experiences situated in
immersive interfaces are well suited (Gee, 2003; Turkle, 1997). Reflecting on
and refining an individual identity is often a significant issue for students of
all ages, and learning to evolve group and organizational identity is a crucial
skill in enabling innovation and in adapting to shifting contexts. Identity
“play” through trying on various representations of the self and the group in
virtual environments provides a means for different sides of a person or team
to find common ground and the opportunity for synthesis and evolution
(Laurel, 1993; Murray, 1998). As discussed in Slater’s chapter, immersion is
important in this process of identity exploration because virtual identity is
unfettered by physical attributes such as gender, race, and disabilities.

Another attribute that makes immersive learning different, and potentially
more powerful than real world learning, is the ability to create interactions and
activities in mediated experience not possible in the real world. These include,
for example, teleporting within a virtual environment, enabling a distant
person to see a real-time image of your local environment, or interacting with
a (simulated) chemical spill in a busy public setting. Slater’s chapter
categorizes opportunities for learning in simulations of settings not possible
in the real world. Jacobson’s chapter addresses how to develop representations
that are authentic for learning.

All these capabilities suggest that, to maximize the power of immersive
learning it’s important not to present isolated moments in which VR, MUVEs,
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and AR are used to provide short-term engagement or fragmentary insight.
Instead, extended experiences that immerse students in rich contexts with
strong narratives, authentic practices, and links to real world outcomes are
what truly unleash the transformational power of immersion. For example,
while showing a 3-D model of a human heart illustrating blood flow is useful,
immersing students in a virtual setting where they are applying knowledge of
the heart to save the lives of computer-based agents is much more motivating,
as well as effective in fostering a wide range of complex knowledge and
sophisticated skills.

Schnieder references constructivism explicitly in his chapter, and the term
is used widely in the educational VR literature. Constructivism is nearly the
same thing as Situated Learning, because it revolves around a managed
ecosystem within which students build their own learning experience.

3.3 Approaches to designing immersive educational media

3.3.1 Simulation

In this approach, the learning experience is an immersive simulation of an
artifact, environment, or situation that exists in real life. For example, the
phenomenon modeled at an appropriate level of fidelity for the instructional
goals could be a virtual garden, or a simulated first-responder crisis with a
building on fire, or a representation of some industrial process. Importantly,
the simulation allows learners to do a few things they could not do in real life
(National Research Council, 2011). For example, they could change the
season of a virtual forest with the touch of a button, or move along a timeline
for historical change, or operate dangerous machinery that would be too risky
to learn how to use (at first) in real life.

In classroom settings, the instructional design is built around the
simulation, with students often using a PAR cycle to interact with the
simulation, complemented by the instructor teaching with knowledge and
skills outside the simulation to aid in developing effective performances. The
design of the curriculum in which the simulation is embedded is important, as
is professional development for effective use of simulations in classrooms.

Some advantages of simulations are that they are quick to deploy,
compared to developing more complex experiential environments, and
relatively straightforward to understand. They are well suited for teaching
students procedural knowledge, using skills to help them accomplish tasks that
require some sequence of actions.
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3.3.2 Constructionist activities

In his chapter, Schneider discusses constructivism, the educational
learning theory of which constructionism is one approach. Constructionist
learning theory is based on the assumption that developing knowledge occurs
best through building artifacts (physical or digital) that can be experienced and
shared (Papert, 1991). In this type of learning, participants are given tools to
build their own immersive environments, or provided an immersive
environment and told to build something within it. In a classroom setting, an
illustration would be a learning project where each student designs a “monster
truck” for each one of the planets in our solar system, and then attempts to
drive their truck on the surface of that planet. To be successful, they have to
learn about that planet’s characteristics (e.g., gravity, temperature) and about
the process of engineering a vehicle.

This approach can be very effective, because it empowers the learners to
create something in which they have an emotional investment. Further,
participants learn how to author in the immersive technology. As discussed
later, all of the immersive technology manufacturers go to great lengths to
develop tutorials and educational materials for people who want to informally
create experiences that use their products. In formal education, all those
materials can be leveraged in a constructionist curriculum. Further, research
suggests that children can handle this approach at an earlier age than parents
and teachers might expect.

As with simulations, in classroom settings the teacher must manage the
learning process. She will need guidance in the technology itself and in
instructional strategies, as well as a curriculum surrounding the building
experience that is linked to academic objectives (Laurillard, 2009).

3.3.3 Embodied cognition

As discussed earlier, embodied cognition learning experiences involving
creating a mental perceptual simulation useful when retrieving a concept or
reasoning about it (Barsalou, 2008). An embodied immersive experience via
VR, MUVE, or MR can develop such a mental perceptual simulation,
especially when facilitated by curricular and instructional support.

Embodied experience with academically important situations and
phenomena is often limited, both by personal circumstances and by limitations
of the real world. For example, an impoverished inner city student may never
visit a farm, and no one now can have a physically embodied experience of
living in the 17th century, or seeing relativistic effects when moving close to
the speed of light. Digitally immersive learning experiences can bridge these
gaps.

This approach to learning is not new; Montessori used analog artifacts as
an important part of her pedagogical method. With the emergence of multi-
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modal interfaces that include gestures and similar physical movements, new
forms of digitally enhanced embodied cognition are now possible and
practical. Research on effective designs for immersive embodied learning is
an exciting frontier for formal and informal education.

3.34 Directed immersive narrative

In this type of instructional design, learners participate in—and shape—a
narrative. Participants are guided from beginning to end, but also choose their
own path, with meaningful choices along the way to help them learn. In
gaming, this type of immersive learning is usually a MUVE, although VR
games are emerging. As discussed in Klopfer’s chapter, the MUVE The Radix
Endeavor is an example. However, such a learning experience could also
include MR, if the phenomenon studied is some kind of activity that would
make sense in a readily accessible type of physical environment, like an
ecosystem. As discussed in Dede’s chapter, ECOMOBILE is an augmented
reality that illustrates this.

Directed narratives provide a superstructure within which the other types
of immersive learning designs can be placed: simulations, constructionism (in
part through the participant’s choices), and embedded cognition. The story
that emerges is the vehicle for identity and transfer that makes the whole more
than the sum of its parts.

Transmedia narratives are emerging as a new form of entertainment and
learning. Such a narrative can span immersive and non-immersive media,
creating “alternate realities” that interweave fact and fiction to form myth. In
education, the challenge is to immerse participants in the alternate reality for
learning, but then fade its attraction so they return to the real world empowered
through what they now know and can do.

3.35 Learning simpler material

This discussion has focused on learning complex knowledge and
sophisticated skills, but what is the role of immersion in learning simpler,
foundational material? It may seem counterintuitive given prevalent
educational practice for centuries, but basic ideas are best learned in the
context of attempting a relatively complicated task that is engaging and has
relevance to the real world. Learning involving rote performances and low-
level retention (e.g., math facts, vocabulary words) is not intrinsically
interesting, and many students quickly tire of music, animations, simple
games, and other forms of extrinsic rewards (the chocolate-covered broccoli
problem). This leads to apathy about mastering foundational content and
skills, especially when they have no perceived relevance to the learner’s life.
This motivational problem is exacerbated by a fundamental assumption of
behaviorist instructional design that no complex knowledge or skill is
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learnable until the student has mastered every simple, underlying sub-skill.
This tenet leads to long initial sequences of low-level teaching by telling and
learning by listening, followed by rote practice with extrinsic bribery to keep
going. In this common situation, students often lose sight of why they should
care about learning the material, which may seem to them remote from the
eventual goal-state of an engaging, complex knowledge or skill with real-
world utility.

Substantial theory, research, and experience documents that—in
contradiction to behaviorist theories of learning—students can master simple
skills in the context of learning a complex task that is engaging and relevant
to them (Dede, 2008). In contrast to conventional practice now, even when
learning foundational material, students will experience higher motivation and
longer retention of simple skills learned via the types of simulations,
constructionist experiences, and directed immersive narratives discussed
above. While learning by guided social constructivism seems inefficient
compared to direct instruction, because more time is required, in the long run
this approach is more effective, because less re-teaching is required due to
problems with retention as un-engaging material is memorized, immediately
tested, then forgotten.

So, if one is using such an approach to foundational learning, what is the
role of immersion for the parts of instruction that involve simple skills and
knowledge? While the psychological aspects of immersion are always useful
in learning, sensory immersion in VR is necessary only for material that is
intrinsically 3-dimensional (e.g., understanding the role of the ecliptic plane
in the solar system) or where embodied cognition is useful (e.g., becoming an
animal to experience its relationship to an ecological niche). 2-D simulations,
non-immersive constructionism, and non-digital narratives—even rote
teaching and learning—may be as effective and more efficient than immersive
media if used for foundational learning in the context of a guided social
constructivist experience.

4. GLOSSARY OF TERMS
RELATED TO IMMERSIVE
LEARNING

41.1 Forms of Immersion

e Sensory Immersion: The experience of
having your senses mostly or totally
surrounded by a three-dimensional “view” of
a virtual world. For example a head-mounted
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display (HMD) or a planetarium dome shows
you the virtual environment in (almost) any
direction you look. A good pair of stereo
headphones can immerse your hearing in an
unreal soundscape.

Psychological Immersion: The mental state
of being completely absorbed or engaged
with something. Because psychological
immersion is a state of mind, it could be
brought about by a variety of situations (such
as reading a book or watching a movie).
Immersive Media: Media that use sensory
immersion  to  induce  psychological
immersion in the viewer or participant. These
include Virtual Reality (VR), Augmented
Reality (AR), all manner of Mixed Reality
(MR), and to a lesser extent other large-
format media such as movie theaters or
planetariums.

Virtual Environment (VE): The digital world
which the user occupies. For example, a
person wearing an HMD will see the VE all
around him or her, while a user in a MUVE
or a single-user VR will see his/her avatar at
a specific place in the VE. The term does not
apply to any mixed or augmented reality; a
virtual environment is digital and takes the
user (figuratively) somewhere else.
Multi-User Virtual Environment (MUVE): A
virtual world accessed by one or more people,
usually many people. Each person is
represented by a (usually) humanoid
character that s/he controls (an avatar).
Technically, MUVEs are not immersive
media, because they are usually accessed
through a standard computer or mobile
interface. However, they achieve many of the
same psychological effects.

Virtual Presence (Place Illusion): A
particular form of psychological immersion,
the feeling that you are at a location in the
virtual world. For example, using an head-

Chapter 1



1. Introduction: Virtual, augmented, and mixed realities in education

mounted display to see a virtual room in
every direction you look, makes you feel like
you are in that room. MUVEs achieve a
similar form of presence, though the user's
emotional investment in their avatar.
Actional Immersion. Empowering the
participant in an experience to initiate actions
that have novel, intriguing consequences. For
example, when a baby is learning to walk, the
degree of concentration this activity creates in
the child is extraordinary. Discovering new
capabilities to shape one’s environment is
highly motivating and sharply focuses
attention.

Symbolic/Narrative Immersion: Triggering
powerful semantic associations via the
content of an experience. As an illustration,
reading a horror novel at midnight in a
strange house builds a mounting sense of
terror, even though one’s physical context is
unchanging and rationally safe. Narrative is
an important motivational and intellectual
component of all forms of learning. Invoking
intellectual, emotional, and normative
archetypes deepens the experience by
imposing a complex overlay of associative
mental models.

41.2 Interfaces

Augmented Reality: A form of mixed reality:
Real world situations enhanced for learning
by overlays with virtual information and
experiences, presented on mobile devices
(e.g., looking at a statue and seeing history
about the person superimposed through the
camera view of a tablet).

Haptics: Using touch and pressure in a
sensory experience (e.g., learning surgery on
a virtual patient with sensory feedback on the
incisions you make).

Tangible Interfaces: A form of mixed reality:
Interactive experiences manipulating objects

13
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that have both real and virtual components
(e.g., manipulating physical blocks that, as
you move them around, provide virtual
overlays about geometry).

4.1.3 Cognitive Science

Situated Learning: “Situated” learning takes
place in the same or a similar context to that
in which it is later applied, and the setting
itself fosters tacit skills through experience
and modeling. For example, in a medical
internship, both the configuration and the
coordinated team activities in a hospital
surgical operating room provide embedded
knowledge.

Transfer: Transfer is the application of
knowledge learned in one situation to another
situation, demonstrated if instruction on a
learning task leads to improved performance
on a transfer task, typically a skilled
performance in a real-world setting. For
example, statistical reasoning learned in a
classroom can potentially aid with purchasing
insurance, or with gambling.

Plan / Act / Reflect (PAR): Students first
prepare for an experience by doing something
they want to master, then they attempt that
performance, and finally they assess what
went well, what did not, why, and what they
need to learn in order to execute a more
successful repetition of the cycle.

Embodied Cognition: an instructional
strategy that posits retrieving a concept from
memory and reasoning about it is enhanced
by creating a mental perceptual simulation of
it
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