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Virtual reality (VR) allows users to fly across the skies, swim through the
depths of the ocean, and become mythical creatures with magical powers.
Immersive virtual reality (IVR) places users directly into virtual scenarios
by blocking out the physical world, creating vivid and personal environments (Bailey et al., 2015; Bainbridge, 2007). Ivan Sutherland developed
one of the earliest forms of IVR in the 1960s. Small displays connected
to an apparatus hanging from the ceiling were placed over participants’ eyes,
creating one of the first times that people fully entered a virtual space. In the
same decade, Morton Heilig pushed the limits of humans in virtual spaces by
creating the Sensorama, a machine that created multisensory experiences
with haptic, olfactory, and visual feedback (see Blascovich & Bailenson,
2011). For many decades, IVR technology was only available to research
institutions, governments, and universities. It is now becoming more accessible and available to the public, as giant media corporations invest billions of
dollars in IVR hardware and software (Lamkin, 2015; Solomon, 2014).
Decades of research have examined the uses and effects of VR with adult
samples, demonstrating its power to alter attitudes (e.g., Peck, Seinfeld,
Aglioti, & Slater, 2013), behaviors (e.g., Blascovich et al., 2002), and physiology (Salomon, Lim, Pfeiffer, Gassert, & Blanke, 2013). However, little
is known about IVR and children despite their frequent media use and
willingness to adopt new technologies (Lauricella, Cingel, Blackwell,
Wartella, & Conway, 2014; Rideout, 2013). Given that IVR technology
is gaining traction in the consumer market, it will be important to consider
the developmental implications of its use.
This chapter will define IVR from both a technological standpoint
(i.e., tracking, rendering, embodiment of senses) and a psychological standpoint (i.e., immersion vs. presence). We discuss some of the unique
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attributes of IVR, and how they relate to topics of cognitive development, as
pertaining to the development of executive functioning (EF) in early childhood. We also discuss the trends in empirical studies regarding IVR use
among child populations, and provide future research directions.

WHAT IS VIRTUAL REALITY (VR)?
In virtual environments, a person is represented by an avatar, a digital representation of that person that he or she controls in real-time. In general, an
avatar refers to any entity, digital, or nondigital, that represents the user in
real time. When embodying an avatar, a person can have a first-person view
of the virtual environment (“through one’s own eyes”) or a third-person
view (having an outside perspective as if looking at a third party). In contrast
to an avatar, an embodied agent is a digital representation that is solely controlled by a computer algorithm. What controls the digital representation, a
person or a computer, determines if the representation is an avatar or an
embodied agent. For example, a digital representation that looks like someone’s aunt and is controlled by a computer algorithm is an embodied agent.
However, if that same aunt controls a digital representation that looks like a
dinosaur, it would be considered her avatar.
In a technological sense, VR can be defined by the tracking and rendering
of a computing system or technology (e.g., computer, phone, tablet). Tracking
captures the movement of the user (pushing a button, movement of the wrist,
or swiping of fingers on a screen) and renders or updates the virtual world based
on that tracked movement (e.g., the jumping of a character). Actions are
tracked and rendered using translations (movement along x-, y-, z-axis)
and/or orientation (pitch, roll, and yaw). A tracking device such as a sensor
or a joystick detects a user’s physical movements or location, and then renders
or updates the virtual environment accordingly. For example, in a video game
the player pushes the joystick forward (tracking his or her motion), and the
virtual character moves up on the screen. Tracking body movements can
occur through physical devices worn or held by the user (e.g., joystick, game
pad, LED light sensor) or without the user wearing a device (e.g., infrared
cameras). Senses that can be rendered in virtual environments are sight, hearing, touch, smell, and taste. Sight is the most common sense rendered in VR,
and has been shown to elicit powerful responses from users even when other
senses (i.e., touch, smell) are absent (Blascovich & Bailenson, 2011).
From a psychological vantage point, VR can be defined as an environment (actual or simulated) in which the perceiver experiences it as real
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(Blascovich & Bailenson, 2011; Steuer, 1992). Presence is one term that is
used to describe VR’s psychological effect. Presence refers to the sensation of
being located in a media event (Bowman & McMahan, 2007; Lee, 2004;
Steuer, 1992), and is often used as an indicator of how involved a person
feels or acts in a given event (Lombard & Ditton, 1997). People respond
to virtual stimuli as if it were real, in ways that are similar to everyday experiences (Slater & Wilbur, 1997). Thus, a person feeling high presence staring
into the eyes of a lion on a virtual Savannah, for example, would feel an
increase in heart rate and perspiration. The overall concept of presence contains specific subcategories such as self-presence, social presence, and spatial
presence. Self-presence refers to the degree that users identify with their avatars (i.e., experienced them as their actual bodies). Social presence refers to
how other virtual representations or characters that are present seem real to
the user (e.g., having the amount of interpersonal distance toward a digital
character similar to that of a real person). Spatial presence refers to the degree
that the virtual environment feels real; this term is often used interchangeably with the general term presence.

IMMERSIVE TECHNOLOGY
Immersion refers to the extent that a computing system can create a surrounding environment that shuts out the physical world, utilizing sensory
modalities to create a rich representational experience (Slater, 2009).
Immersion is defined by the objective capabilities of the technology. Immersive features can include, but are not limited to, the field of view, body tracking, frame rate, sound quality, or realism (Bowman & McMahan, 2007;
Cummings & Bailenson, 2016; Slater, 2009). Presence refers to a subjective
psychological experience while immersion refers to objective capabilities of
the technology. For example, a person may feel a greater presence reading a
novel, a form of media that has low sensory fidelity as compared with a television screen that has greater visual sensory feedback.

IMMERSIVE VIRTUAL REALITY (IVR)
IVR can be defined as a technological system consisting of a computer and a
display (i.e., computer screen, projection screen). IVR has a rich sensory
fidelity and immersive features that block out the physical world, and enable
users to feel psychologically located in the simulated environment by
experiencing it as real. Two types of technology commonly used to create
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IVR are Cave Automatic Virtual Environments (CAVEs) and head-mounted
displays (HMDs). A CAVE is a specially designed room in which the walls,
ceiling, and or floor are covered with a screen that projects virtual images
(Cruz-Neira, Sandin, DeFanti, Kenyon, & Hart, 1992). Three-dimensional
views are created by either donning special eyewear such as stereoscopic glasses
or by using autostereoscopic screens. In highly immersive CAVEs, the user is
surrounded by the virtual environment (via the walls, ceiling, and floor). An
HMD is a VR headset that places small screens in front of the user’s eyes that
block out other visual stimuli. It utilizes stereoscopic or monoscopic views,
offering varying degrees of the field of view.
The assumption of many scholars is that greater levels of technological immersion create greater levels of presence. In a meta-analysis by
Cummings and Bailenson (2016), it was found that immersion had a moderate effect on presence. The immersive features most associated with
increasing levels of presence were the levels of tracking, stereoscopic vision,
and the field of view. Other features such as sound quality and resolution had
less of an effect. IVR is one type of technological system that has features that
can elicit high levels of presence: it has the capability of providing many
levels of tracking (i.e., the number and type of degrees of freedom) and
the ability to mimic the human visual system with stereoscopic vision and
a wide field of view. By experiencing high levels of presence, users will treat
experiences in IVR as real, potentially influencing their behaviors and psychology in the physical world (Blascovich et al., 2002; Slater et al., 2006).

WHAT MAKES IVR UNIQUE?
IVR can provide users with multisensory experiences that replicate the
physical world or create scenarios that are impossible or dangerous in the
physical world (Blascovich et al., 2002). In the following, we focus on
the unique capabilities of an HMD, an IVR technology that completely
blocks out the physical world, including the user’s body. Although a CAVE
has many immersive qualities, the user cannot change how his or her body is
represented in the virtual space from a first-person perspective. In contrast,
with an HMD, users can look down and see their digital representation as a
different sex, ethnicity, or body size; they can even embody an animal or an
imaginary creature.
Through the powerful affordances of IVR, people treat their virtual bodies (i.e., their avatars) as their own, influencing their attitudes, behaviors, and
physiology. Research has demonstrated that people are able to map their
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body schema onto virtual representations (i.e., avatars), and treat those representations as if they were their physical bodies (Banakou, Groten, & Slater,
2013; Blanke, 2012; Petkova & Ehrsson, 2008; Slater, Spanlang, SanchezVives, & Blanke, 2010). Virtual embodiment can influence the brain such
as to reduce pain perception (Hoffman et al., 2008), facilitate retraining
for stroke rehabilitation (You et al., 2005), and even reduce skin or body
temperature (Salomon et al., 2013). Findings also show that people claim
a sense of ownership and agency over virtual bodies that differ drastically
from their physical bodies (e.g., with a functional tail; Steptoe, Steed, &
Slater, 2013), and can influence perceptions and attitudes in the physical
world. For example, adults tended to overestimate the sizes of objects when
embodying an avatar resembling a 4-year-old child versus an adult scaled to
the same height as the child (Banakou et al., 2013). Peck et al. (2013) found
that controlling an avatar of a different race reduced implicit race bias.
IVR has also been shown to alter how people interact in a virtual environment, which can influence how they interact socially with others. These
transformed social interactions (TSI) refer to behaviors in the physical world
that are filtered through a computer algorithm that transform the social
interactions users have in the virtual world. These transformed actions
can (a) alter how an avatar or embodied agent is presented to others (e.g.,
match the height of another user), (b) enhance the user’s sensory capabilities
(e.g., having confused audience members appear larger to the speaker as a
signal that further explanation is needed), and (c) modify the context of
the virtual experience (learning about ancient Greece from the Parthenon;
Bailenson et al., 2008; Bailenson, Beall, Loomis, Blascovich, & Turk, 2004).
In IVR, users can transform the appearance and behavior of avatars and
embodied agents to fit specific contexts to influence others socially. For
instance, a person can present different versions (i.e., different genders, race,
age, and height) of their avatar to different people simultaneously (coworkers, friends, strangers) to appear more appealing to a wide audience.
Or in a virtual classroom, students could see a teacher whose race, gender,
or affective qualities best suited their comfort and learning needs. Algorithms
that change the appearance and behavior of avatars or embodied agents can
yield real-world effects. A study by Bailenson et al. (2008) found that participants viewed embodied agents that mimicked their head movements
during a speech to be more persuasive than those that did not.
TSI can enhance users’ sensory abilities such as augmenting their view
within the virtual environment. If a teacher lecturing in front of a virtual
classroom does not maintain enough eye contact with one student, IVR
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can make the appearance of that student visually fade until the teacher
regains adequate eye contact with the student (Bailenson et al., 2008). By
extending the abilities of teachers in virtual classrooms, TSI in IVR could
help train teachers (or any speaker) to distribute attention more evenly
among students to facilitate learning.
Finally, the context of a virtual environment can be altered spatially and/
or temporally. Users can always feel that they are at the front of a room
regardless of where they are actually located in the virtual space to better
see the speaker or they could pause the lecturer to catch up on note taking.
In addition, altering the context could help students learn by interacting
directly with course materials. For example, students in a marine biology
class could interact with underwater plants and sea creatures in a virtual
ocean ecosystem to learn about individual species, without the risk or cost
of an actual scuba-diving expedition.

CHILDREN EXPERIENCING IVR AS REAL
Media effects scholars have demonstrated that the body responds to digital
media-technology (e.g., computers, televisions, IVR) as if it were real
(Reeves, 1989; Reeves & Nass, 1996), and that the mind has not evolved
to respond to it any differently from the physical world (Reeves, 1989).
When using IVR as adults, we may know that we are safely located in a
room wearing an HMD, yet when looking over the edge of a virtual precipice, our hearts race and our palms sweat (Blascovich & Bailenson, 2011).
We comfort ourselves by remembering that we are in the room, by holding
in our minds both the physical representation of the room that we can no
longer see and the virtual environment with its salient sensory features.
Young children, in contrast, may respond cognitively and behaviorally to
sensory salient and immersive media like IVR in ways that differ from adults.
IVR places users directly into the media content, potentially making the experience very vivid and real for children. For example, Sharar et al. (2007), using
an HMD, found children of 6–18 years of age reported higher levels of
presence and “realness” of a virtual environment compared with adults
19–65 years of age. If young children experience IVR as more real than
adults, they may be more likely to be influenced by the content in both positive (e.g., prosocial education) and negative ways (e.g., increased materialism).
Research suggests young children struggle with the representational
nature of certain media (i.e., television) because of the medium or technology itself (Troseth & DeLoache, 1998). This is an issue related to dual
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representation, the ability to understand the relationship between a symbol
and its referent:
A symbolic artifact such as a picture or a model is both a concrete object and a
representation of something other than itself. To use such objects effectively, one
must achieve dual representation, that is, one must mentally represent the concrete object itself and its abstract relation to what it stands for.
(DeLoache, 2004, p. 69)

Dual representation allows children to understand the symbolic nature of
media, which can facilitate and influence learning. This ability develops
around the age of 3 and begins to develop fully during a time when
executive function significantly improves (Obradovic, Portilla, &
Boyce, 2012).
Even in less-immersive media like a two-dimensional (2D) television
screen, young children experience the content as real to a greater extent than
their older counterparts, and this can affect how they behave and what they
learn (Richert, Robb, & Smith, 2011). For instance, television research has
shown young children are more likely to view the content as real compared
with older children (i.e., thinking that popcorn will fall out of a bowl, if the
researcher tips over the television screen holding the image; Flavell, Flavell,
Green, & Korfmacher, 1990). Furthermore, children will use the content
and characters in television as sources of information for decision making,
if they feel the content and characters are real (Claxton & Ponto, 2013).
Although research with less-immersive technologies has shown how
children cognitively and socially experience content, it is unclear how children respond to IVR compared to these less-immersive technologies. IVR
can create realistic sensory-rich experiences that place children directly into
the content, which could make it challenging for them to recognize that it is
a representation. For example, a young child may think that an embodied
agent is an actual person, not a digital representation; this could influence
the type of decisions that they make or the intensity of emotions they feel.
According to DeLoache (2000, 2004), the more salient or appealing the
appearance of the symbol, the more difficult it is for children to achieve dual
representation.
How children cognitively and socially experience IVR as real could be
influenced by brain development. The mental capabilities and skills of children develop differently over time according to a hierarchy of neural circuits
in the brain (Fox, Levitt, & Nelson, 2010). For instance, younger adolescents
may be less sensitive to social cues such as exclusion than older adolescents
because regions of the brain related to social cognition mature slowly
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(Blakemore & Mills, 2014). With the different neural circuits developing at
different stages, it would be expected that children of different ages would
respond to the same virtual experience differently. Brain-imaging research
by Baumgartner et al. (2008) and Baumgartner, Valko, Esslen, and J€ancke
(2006) suggests that adolescent and adult brains process virtual environments
differently from how younger children do. Specifically, both adolescent
(13–17 years of age) and adult (21–43 years of age) brains recruited regions
located in the prefrontal cortex, an area associated with higher-level brain
functioning, while younger children (8–11 years old and 6–11 years old,
respectively) showed less activation in this brain region. Overall, based on
how higher-order cognitive skills develop, one’s developmental level may
influence how media are understood and interpreted, and immersion may
be one component of media that could influence cognition and behavior.
The immersive affordances of IVR have the potential to challenge young
children’s automatic reactions, such as motor or attentional reactions, and
cognitive abilities. IVR can stimulate cognitive immersion, a process in
which the mind and body become integrated with a virtual experience,
given the technological affordances of the system. Specifically, IVR connects human senses with the technology, creating the illusion of being
embedded in the content. By mimicking realistic and compelling scenarios,
IVR has the potential to contribute to how concepts are created. Even in
nonimmersive environments such as television, young children will prioritize information from a virtual character that acts socially contingent; they
treat the virtual character as a live person, and claim that the character can see
them (Claxton & Ponto, 2013).
Previous research on brain development and presence suggests that the
development of EF may explain why young children respond to IVR as if it
were real more than older populations, and experience cognitive immersion. EF skills could be one area to consider when examining children’s cognitive experience of IVR. The prefrontal cortex, which is associated with
EF, begins to develop throughout the preschool years (from 3 to 5 years
of age) (Garon, Bryson, & Smith, 2008; Obradovic et al., 2012). EF refers
to self-regulatory abilities, and is often characterized as comprising inhibitory control, working memory, and cognitive flexibility (Obradovic
et al., 2012). Inhibitory control refers to the ability to suppress impulsive
thoughts or behaviors and to resist distractions and temptations. Working
memory refers to the ability to hold and manipulate verbal or nonverbal
information in the mind over a short period of time (Obradovic et al.,
2012). Cognitive flexibility refers to the ability to shift attention between
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different and often competing rules and stimuli appropriately. Because the
cognitive abilities supporting EF develop during the preschool years, young
children will likely behave differently in IVR from adults.
Experiencing IVR may further involve simultaneously holding the idea of
the physical world in mind while experiencing the virtual world. Immersive
technology that has very salient sensory features may compromise children’s
ability to maintain the rules of the physical world, particularly when wearing a
VR headset like an HMD that blocks out the location of objects in the physical world. Thus, it may be challenging for children to realize that they may
walk into a wall while cognitively immersed in a virtual world. More research
is needed to understand better how IVR may affect children’s EF skills.

CHILDREN’S DISCOVERY OF THE SELF IN IVR
Children find themselves represented in digital form more often than previous generations: with a click of a mobile phone, a digital camera, or a
handheld game, children’s images can be placed within a virtual environment. Are younger children able to make that leap to understand the
self-represented in IVR or the various forms that an avatar can take (i.e.,
first-person vs. third-person view of the self )? Experiencing immersive
media such as IVR places users directly into the content, pushing the
boundaries of self-representation, and the meaning of an avatar and an
embodied agent.
Over time, children develop a sense that the self that exists in the present
is the same as the self in the past, and that it will be the same person in the
future (Fivush, 2011; Nelson & Fivush, 2004). Infants and toddlers can identify themselves in a mirror, demonstrating self-recognition (Courage &
Howe, 2002; Nielsen, Suddendorf, & Slaughter, 2006). An extension of
the mirror self-recognition task uses a video or photograph to measure
the infant’s more complex sense of self. In these tasks, children look at a
delayed video recording or a series of photographs in which they see a mark
being placed somewhere on them. Children who attempt to remove the
mark after looking at these images pass the self-recognition test. Many
studies show that by 3–4 years of age children successfully complete these
tasks (Skouteris & Robson, 2006; Suddendorf & Butler, 2013; Suddendorf,
Simcock, & Nielsen, 2007). Some scholars argue that the mirror recognition
test measures a sense of a present self, whereas the delayed video or photograph tests represent an understanding of an extended temporal self
(Suddendorf & Butler, 2013). These differences in performance based on
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the medium may be related to brain development. Results from neural
imaging studies indicate that the neural mechanisms used to recognize the
self in photographs are different from those used to recognize the self in a
mirror (Suddendorf & Butler, 2013). Even with a live video stream, young
children can struggle to pass the self-recognition test suggesting that the
medium may influence self-recognition, and it is not solely an issue of
delayed versus live feedback. With extensive practice over time, children
under the age of 3 are able to counteract the “video deficit” (Troseth, 2003).
One dimension of presence in IVR is children being psychologically
transported to the virtual environment (Lombard & Ditton, 1997). The ability to be psychologically transported to a virtual environment could be related
to children developing a sense of self and understanding dual representation,
that the self can exist in different forms, at different time points, and in different locations. Research from autobiographical memory provides some
evidence as to why a sense of self is important for feeling psychologically
transported. Autobiographical memory is a form of memory that reflects personal emotions, goals, and meaning (other forms of memory can be related to
facts, skills, or lists), and “involves a sense of self experiencing the event at a
specific point in time and space” (p. 488; Nelson & Fivush, 2004). Autobiographical memory develops during the preschool years (Nelson & Fivush,
2004). To remember the past, children are psychologically transported to that
time in their mind to relive what happened to themselves (Fivush, 2011).
Before the age of 3, children have not fully developed a sense of self in time
and space (Skouteris & Robson, 2006; Suddendorf & Butler, 2013). This
could be one possible explanation of why few people have memories before
the age of 2 (Nelson & Fivush, 2004). Autobiographical memory is still developing during the preschool years, during a time in which children are learning to develop a sense of self over time. IVR can create virtual scenarios of
different places and different time periods (Blascovich & Bailenson, 2011;
Lombard & Ditton, 1997), and if children don’t have a fully developed sense
of self, they may confuse IVR experiences of occurring in the physical world
(see Segovia & Bailenson, 2009). In addition, children would need to know
that the self exists and have a grasp of dual representation to understand that
they can be represented in virtual spaces (i.e., via an avatar). However, what
could happen when the virtual self deviates from the appearance or behavior
of the user, potentially making it challenging for children to recognize it as an
avatar or an embodied agent? Two examples of how virtual environments
challenge the self and how it can be represented in real time are exemplified
via virtual doppelgangers and the Proteus effect.
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A virtual doppelganger is a special type of an embodied agent: It is a virtual
representation that looks like an actual person that exists (or existed) in the
physical world, but is controlled by a computer. A virtual doppelganger blurs
the line between an avatar and an embodied agent: It looks like the user, but a
computer algorithm controls it. Through virtual doppelgangers, users can see
themselves from a third-person point of view, perform novel acts that they
otherwise could not or would not perform. For example, children could see
their photorealistic representation performing or saying things they never did
in the physical world such as walking on the moon or consuming a specific
brand of sports drink. Importantly, users highly identify with their virtual
doppelgangers even when they know that computer algorithms control
them (Blascovich & Bailenson, 2011; Fox, Bailenson, & Binney, 2009).
Viewing the behaviors of their virtual doppelganger in IVR affects user’s attitudes, physiological responses and behaviors more than seeing a virtual
character that does not look like them engage in the same behaviors
(Blascovich & Bailenson, 2011). Users in IVR have been shown to prefer
product brands they see their virtual doppelganger use over those endorsed
by a virtual other (Ahn & Bailenson, 2011), have increased skin conductance
when they see their virtual doppelganger running (compared with standing;
Fox, Bailenson, & Ricciardi, 2012), and were more likely to invest in their
future after seeing an aged version of themselves (Hershfield et al., 2011).
Another way that digital representations can influence people is through
the appearance of their avatar. The Proteus effect refers to the notion that an
avatar’s appearance can affect the user’s behaviors and attitudes in the real
world (e.g., Fox, Bailenson, & Tricase, 2013). The user controls the actions
of the avatar, but the avatar’s appearance differs from the user’s appearance.
Research shows that the body types people assume in IVR affect their attitudes and behaviors such as behaving more confidently during a negotiation
task when embodying a taller avatar (Yee & Bailenson, 2007), feeling selfobjected after controlling a hypersexualized female avatar (Fox et al., 2013),
or decreasing implicit race bias after embodying an avatar of a different race
(Peck et al., 2013). The Proteus effect differs from the virtual doppelgangers
in two ways: (1) the Proteus effect involves an avatar and a virtual doppelganger is a type of embodied agent, and (2) users see their virtual doppelganger, from a third-person view, engage in behaviors outside of their
control (that may or may not have happened). This is similar to users watching themselves act in a movie. In contrast, the Proteus effect is about how the
appearance of users’ avatar (typically controlled from a first-person point of
view) influences their behaviors.
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THE FLUIDITY OF THE COGNITIVE SELF IN IVR
Imagine being a young child, having developed a sense of self for only a few
years, and then being immersed in a virtual space where self-representation
remains fluid; a new developed sense of self may lower the threshold for
responding to one’s avatar and embodied agents, as if they were real. In
the past, self-recognition tests have manipulated real time (i.e., via a mirror
or live video feed) versus delayed time (i.e., video recording). However, virtual doppelgangers push the self-recognition test to the limit: it is a mirror
image of the self, but the child never had control of it at any point in time.
With virtual doppelgangers, children can see themselves engage in behaviors
that never happened. For example, Segovia and Bailenson (2009) found that
when young elementary children (i.e., 6- to 7-years old) watched their virtual doppelganger swim with orca whales, they confused that as happening
in real life. They were more likely to have “false memories” in these contexts
compared with a no exposure control group or seeing another virtual child
swimming with whales. Through immersion, children’s sense of self
through time was altered.
Surprisingly, in Segovia and Bailenson’s (2009) study, there were no significant differences between conditions among preschool age children (i.e.,
4- to 5-year olds). During the preschool years, children’s dual representation
and sense of self in media is still maturing, which could explain why this
group was susceptible to creating false memories after all conditions (i.e.,
imagining swimming with whales, seeing the self-swim with whales in
IVR, seeing another child swim with whales in IVR). In contrast, the older
children (6- to 7-year olds) may have had a stronger understanding of selfrecognition, but understanding how the self was represented in IVR may
have been particularly challenging. IVR provides immersion that allows virtual content and digital representations to appear real even when the virtual
scenario is impossible in the physical world. How children experience IVR
and how immersion affects children may vary according to age, cognitive
abilities, and type of immersive media-technology used.

TRENDS IN RESEARCH WITH IVR AND CHILDREN
Although there have been a number of studies and examples of children
using virtual environments via low immersive technology such as using a
2D computer or television screen, there are few empirical studies that
include children (e.g., under the age of 18) and IVR, specifically using an
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HMD or CAVE. There are even fewer studies with children under the age
of 7 (possibly due to the limited availability of IVR to the public or the large
size and heaviness of past IVR technology). An overview of the literature
shows four broad research topics: (1) IVR as a pain distraction tool, (2)
IVR as a learning environment, (3) IVR for assessment and measurement,
and (4) IVR’s affect on child development. Studies included both clinical
and nonclinical populations.
As a pain distraction tool, IVR has been used successfully to help with
pain management for a multitude of medical procedures such as for burn
wound cleaning (e.g., Das, Grimmer, Sparnon, McRae, & Thomas,
2005; van Twillert, Bremer, & Faber, 2007), cancer treatment (e.g., Gershon, Zimand, Pickering, Rothbaum, & Hodges, 2004; Schneider & Workman, 1999), and dental work (e.g., Aminabadi, Erfanparast, Sohrabi,
Oskouei, & Naghili, 2012). IVR has been used as a distraction tool both
from emotional and physical pain. In fact, research suggests that IVR has special qualities that help with pain distraction: With little to no interactivity
(i.e., passively viewing the prerecorded actions of a video game or a film),
patients report less pain compared with usual care (e.g., Dahlquist et al.,
2007; Law et al., 2011). A review of VR as a pain distraction tool is found
in Shahrbanian et al. (2012).
IVR has also been used as a tool for education. It has been used to facilitate learning for various skills and content areas such as visualizing fractions
(Roussou, Oliver, & Slater, 2006), learning about gorilla behaviors
(Allison & Hodges, 2000), and cognitive training for children with ADHD
(Cho et al., 2002) or with Autism Spectrum Disorder (ASD; Jarrold et al.,
2013). Several studies exist that use nonimmersive virtual environments for
teaching children with ASD (e.g., teaching and practicing social cognition
skills; Parsons, 2015; Wass & Porayska-Pomsta, 2014). However, few studies
exist specifically using IVR to teach children with ASD. For a review of
research on children with ASD using IVR and nonimmersive VR see the
work of Bellani, Fornasari, Chittaro, and Brambilla (2011), and for a review
of nonclinical educational virtual environments that include both IVR and
nonimmersive VR refer to Mikropoulos and Natsis (2011) and Hew and
Cheung (2010).
IVR can track where participants look and how they move their bodies,
collecting thousands of data points. Researchers have used this capability to
capture large amounts of data as a method for assessment and measurement.
For example, researchers have used IVR as a tool to effectively measure the
attention patterns of children with brain injuries (Gilboa et al., 2015) and to
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identify children with ADHD by measuring their attentional focus and performance on cognitive tasks (e.g., Bioulac et al., 2012). Although IVR has
been used for pain distraction, education, and assessment with children, little
is known about the effects of IVR as a technology on child development (for
a general discussion of children’s use of online virtual worlds and some of the
developmental implications, see Subrahmanyam, 2009). The few studies
that have explored issues of IVR and child development have examined
the effect of IVR on children’s visual system and memories. More specifically, one study examined the short-term use of IVR on fatigue related to
the visual system (Kozulin, Ames, & McBrien, 2009) and another study
examined IVR’s impact on children believing that events in IVR happened
in the physical world (Segovia & Bailenson, 2009).

CONCLUSIONS AND FUTURE DIRECTIONS
IVR is a system that blocks out the physical world, providing rich sensory
fidelity wherein the user feels and responds to the virtual world, as if it were
real. However, little is known about how IVR relates to child development.
The little research examining young children and IVR suggests that they
may have experiences unique to their age range. Brain development, EF,
dual representation, and self-recognition (i.e., avatars, virtual doppelgangers,
and TSI) in virtual environment may be important topics to consider regarding research on children’s experiences in IVR. Basic questions related to
presence, safety, and virtual characters in IVR also need to be answered
before taking the steps to create effective content. For example, in IVR, virtual characters can mimic the child’s behaviors, provide varying degrees of
eye contact, or vary in size, with each of these factors potentially influencing
the child’s social behavior and learning. While television research provides
the foundation for children’s VR research, IVR can create content not possible in the physical world, and could elicit unknown reactions (i.e., emotional responses to standing in front of a virtual character 3 times the
child’s size).
Children may have strong reactions to IVR because they are still developing the skill of experiencing fully immersive technologies. For instance,
there is some speculation that older children’s attention to television content is less susceptible to formal features (e.g., cuts, zooms, music) because
through experience, they have learned when and how to watch content
based on those features (Anderson & Kirkorian, 2013). Perhaps, as children
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gain more experience with IVR, they will learn a type of immersive
“formal feature” skill that could help them navigate in and out of immersive technologies. How children experience IVR may relate to their
higher-order cognitive skills such as EF and dual representation, because
the salient sensory feedback in IVR could challenge their behavioral
and emotional regulation. If IVR could easily pull children into the content and elicit automatic responses related to attention and action, it may
be a platform to develop new ways of measuring EF skills such as inhibitory control.
On November 8, 2015, the New York Times gave their Sunday print
subscribers access to VR (Somaiya, 2015; Wohlsen, 2015). Placed neatly
and easily in their newspapers, more than a million people had an inexpensive piece of cardboard in which after just a couple of minutes they could
fold into an HMD that uses their phone as the screen. For the first time, millions of people had access to VR at the same time. Wired magazine writer,
Wohlsen (2015), highlighted the potential implications of children having
greater access to IVR, he writes, “But for good or ill, [the cardboard
HMD] is just good enough to imprint a new paradigm on a nation of
8-year-olds. From now on, kids who’ve had the VR experience have a
new set of expectations of what it should mean to interact with a computer.
Imagine what they’ll expect by the time they’re 18.” Although it had limited
content and on the lower end of some immersive features (i.e., level of tracking), the New York Times roll out of VR demonstrated the children’s access
to immersive technologies is here.
Research with adult populations has shown IVR to have powerful effects
on attitudes, behaviors, and physiology. IVR can be a technology that provides high degrees of immersion placing users directly into digital content,
creating the illusion that the experience is real. Some research suggests that
young children may experience virtual content differently from adults.
Researchers, scholars, and VR developers need to examine the developmental issues related to the intersection of the immersive features and content of IVR further to determine what use of the technology are appropriate
for which ages and how IVR can be used to enhance youth’s lives. Children
and adolescents are avid and early adopters of media. With broad access to
VR breaching the horizon, it is expected that all ages will be interacting
with immersive virtual environments. More than ever, it is a time to understand what these technological experiences mean for being a kid and what it
means for human development.
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