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Chronic conditions represent a significant twenty first century challenge. Education and

self-management training are the mainstay of clinical intervention for such conditions

since care is dependent on health literacy and self-management. This intervention

not only imparts the necessary understanding and skills for self-management, but

also helps people to overcome personal barriers to positive behavioral change,

such as low self-efficacy. Moreover, education maximizes dignity, by enabling

shared decision-making. A plethora of research supports the role of education and

self-management training in the management of chronic conditions, whilst at the

same time highlighting that not all approaches lead to meaningful behavioral change.

Immersive virtual reality (VR) offers a unique set of features and tools for delivering

these interventions. For example, the immersive nature focuses attention and promotes

engagement; the ability to simulate authentic and interactive real-world scenarios

can be used to promote the benefits of active learning; and the ability to facilitate

embodiment of avatars with distinct appearance and capability can be used to bias

new perceptions and behaviors in-line with the avatar’s characteristics. Moreover, the

ability to use VR independent of a clinician renders a potential solution to instances

where significant barriers to healthcare access exist. This short perspective paper will

discuss how VR may be used to host education and self-management interventions in

the domain of chronic condition management. Further, it will outline considerations for

developers and conclude with a call for the co-creation of new VR-based education and

self-management interventions.
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INTRODUCTION

Rationale
Chronic conditions are responsible for a significant burden on both individuals and society.
Globally, 38 million people die from these conditions annually, while their economic burden
is projected to reach USD$7 trillion by 2025 (World Health Organization, 2014). While
medical treatments have advanced, most chronic conditions depend on long-term adherence to
self-management strategies—typically requiring behavioral changes involving diet, rehabilitation
and exercise, the correct use of prescription medications, and mitigation or elimination of risk
factors such as smoking and stress (Allegrante et al., 2019). As a result, the development of
interventions that can assist people in adopting and maintaining long-term self-management has
significant potential for impact. Education and skills training are themainstay of suchmanagement.
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Virtual reality (VR) has been considered one of the most
promising tools to promote learning in educational and work-
place training contexts (Liu et al., 2017a), and hence there ismuch
to gain from considering its potential role in providing education
to people with chronic conditions. VR is a simulated experience
that can be similar to, or completely different from, the real
world. In immersive VR, an artificial reality is presented to the
user via a Head Mounted Display (HMD), such that the user
voluntarily suspends belief and accepts the digitally presented
scenario. Immersive VR has been used as a medium for chronic
condition interventions such as exposure therapy for phobias
and post-traumatic stress, kinesthetic training for chronic neck
pain, and physical rehabilitation (Gohari et al., 2019). Whilst
immersive VR has been used to deliver information about the
science and psychology of pain, as well as in teaching relaxation
and mindfulness skills to people with chronic pain (Louw
et al., 2019; Darnall et al., 2020), its application in delivering
self-management programs is not yet common. Developing
such interventions using this new platform is likely complex,
and consideration is needed regarding how to assimilate: (1)
The unique tools afforded by immersive technologies, (2)
The education and training needs of people with chronic
conditions, and (3) The key theoretical models that describe
the underpinnings of learning and behavior change. These three
domains will be now be discussed in more detail.

UNIQUE FEATURES OF VIRTUAL REALITY
FOR EDUCATION & TRAINING

Studies show that simply porting computer-based interventions
into VR does not necessarily improve learning, and may even
have a negative impact. For example, one study compared
a computer-based biology lab simulation to the same class
ported directly to VR. The result was a reduction, rather than
improvement, in learning outcomes (Makransky et al., 2019).
In contrast, another study compared a computer-based trauma
response training program to a VR training equivalent built with
the features of immersive VR in mind (Coulter et al., 2007). The
result was a significant improvement in learning outcomes. Thus,
consideration of the unique features of VR and how they may
intersect with the goal of learning (and behavior change) is likely
to be essential to creating effective interventions.

Attentional Focus: Immersion, Presence,
Engagement
The quality of immersion refers to the level of sensory fidelity
provided by a VR system hardware and software. Presence is
the subjective perception of being physically present in a non-
physical world (Slater, 2003, 2018). As such, a system that is more
immersive, results in greater illusory presence. With this sense
of presence comes engrossment in the multisensory experience,
and an exclusion of other internal and external stimuli. This
intense attentional focus has been exploited by clinician’s seeking
temporary pain and anxiety relief during medical procedures
(Chan et al., 2018; Eijlers et al., 2019). Importantly, learning
depends on directing one’s attention toward, and engaging with,

educational content (Kolb, 1984). As such, one would predict
that this immersive feature would result in better learning
outcomes. However, increasing attentional focus in VR does not
necessarily translate to learning performance, and paradoxically
may reduce it—perhaps by over-loading cognitive resources
(Krassmann et al., 2020). As such, self-management related
educational content in VR should not rely on this feature alone to
improve learning. Moreover, driving development resources into
optimizing immersion may yield diminishing returns. Rather,
developers should look to optimize other aspects of VR education
and self-management training.

Interaction and Role Play
From a young age, learning is linked with movement. According
to some learning scientists, the use of movement and gesture
helps to off-load mental work and free cognitive resources for
consolidation of learning (Goldin-Meadow, 2011). Moreover,
it may aid in maintaining motivation and engagement with
the educational content. By mapping real-world movement to
virtual movement, interactive VR enables users to change their
visual perspective, and to manipulate virtual objects using virtual
hands. Combined with the ability to simulate both real and
abstract scenarios, VR affords unmatched potential to create life-
like interactive learning scenarios. These scenarios may relate
to understanding their condition or management principles,
rehearsing lifestyle or disease management skills, or overcoming
personal or social barriers.

Embodiment
In VR, a digital avatar can be substituted for the participants real
body and displayed from a first-person perspective. Moreover,
virtual and real movement can be tethered. This visuomotor
congruence results in the illusory “embodiment” of the digital
avatar (Slater et al., 2010; Serino et al., 2016). This illusory
ownership over a virtual body supports the sense of presence
in the virtual world and may be leveraged to support the
learning outcomes. That is, developers can manipulate the
characteristics of the avatar to have certain capabilities in a
way that biases certain perceptions or behaviors. This technique,
along with example applications in the domain of chronic
condition management, will be discussed further in sections
related to embodied learning and the Proteus effect.

Practical Aspects
For many people with chronic conditions, access to
multidisciplinary face-to-face interventions that promote
self-management may be limited. This lack of access may result
from geography and the lack of appropriately trained clinicians,
or limitations related to disability, transportation, time, or
finances. Limitations also extend to clinician time which is often
focussed on immediate needs or biomedical aspects of a health
condition, rather than patient empowerment. Digital health
interventions can assist to overcome these structural barriers.
In addition, they may also assist in overcoming individual and
social access barriers. For example, cultural norms and stigma
may prevent some patients seeking assistance from therapists
such as psychologists and dieticians. Accessing, for example,
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stress management or behavioral nutrition training in VR may
bypass this barrier, particularly if it is couched within a broader
biopsychosocial intervention.

A fact of VR that is rapidly increasing its feasibility, is its
diminishing cost and increasing portability. For example, the
Oculus Quest costs USD$299 and does not require a separate
computer to operate. As such, it is possible to post it out to clients,
for example as part of a telehealth intervention. These practical
features of VR should not be underestimated and givemeaningful
direction to where the technology may be best placed.

CHRONIC CONDITION EDUCATION AND
TRAINING NEEDS

Historical Perspective
The historical biomedical approach to healthcare involved
training practitioners to treat conditions, without close
consideration of the psychosocial context (Allegrante et al.,
2019). Factors such as the individual’s knowledge, motivation,
capacity and resources for carrying out the necessary action were
not prioritized (Allegrante et al., 2019). Over the years, chronic
condition education has evolved from a compliance-oriented
approach, toward an empowerment- and self-management-
oriented approach (Allegrante et al., 2019). Whilst health
knowledge correlates with outcomes (Camerini et al., 2012),
improvements in health behaviors are greater when education
is combined with empowerment and self-management training
(Allegrante et al., 2019). While these interventions show
consistent efficacy, their benefit is often modest, suggesting scope
for improvement (Allegrante et al., 2019; Safari et al., 2020)
(Hermanns et al., 2020).

The Insufficiency of Knowledge
As mentioned, knowledge acquisition is often insufficient
to improve self-management (Ockene et al., 2002). That is,
knowledge does not directly translate to new health behaviors
unless coupled with: an intention to change, a belief that one has
the capacity to change, and the skills to action that change. In
this light, VR training programs for chronic conditions should be
developed with close attention to learning and behavior change
models, such as the Theory of Planned Behavior (Ajzen, 1991).
Notably, individual models of behavior change have significant
limitations (Rich et al., 2015), and considering additional models
such as the PRIME Theory of Human Motivation (West and
Brown, 2013), may yield additional insight for development.

Beliefs, Attitudes, Motivations
Knowledge acquisition is impotent if it does not alter beliefs.
Likewise, altering a belief is impotent without altering attitude
toward a behavior and provoking an intention to change.
As such, information must be not only informative, but
persuasive. It may be useful to view intention to change along
a spectrum, where the central point is a state of ambivalence—
characterized by inaction underpinned by unresolved internal
ideas about change. Motivational techniques can aid in resolving
ambivalence by highlighting personal motivations for change (as
well as motivations for inaction) (Engle and Arkowitz, 2006). In

VR, engaging, highly visual, and interactive tasks that highlight
the benefits of change. Inspiration for such experiences may
be drawn from other fields. For example, VR has been used
to motivate change in perpetrators of domestic violence, by
virtually placing them in the role of victim (Ventura et al., 2020).
Salient experiences highlighting the consequences (non)change,
and aim to resolve ambivalence, may be one motivation-based
application of VR in chronic disease management. Similar non-
VR techniques normally facilitated by a clinician are known
to aid resolution of ambivalence (Engle and Arkowitz, 2006).
Moreover, VR offers ways to facilitate such a task remotely and
with the application of principles of learning and behavior change
discussed elsewhere in this paper.

Changing Perceptions
Unhelpful social stigmas and perceptions about health and
chronic condition management pervade the public sphere (e.g.,
Louw et al., 2019; Pandrangi et al., 2019; Halabi, 2020; Jung et al.,
2020). For example, the belief that health is something managed
by health care providers and not something that must be self-
managed is still widespread. This aspect is referred to as the
subjective norm in the Theory of Planned Behavior (Ajzen, 1991).
As such, interventions aiming to improve self-management
should consider addressing these perceptions and extol the
benefits of patient-led care. Perceptions about management
can also be augmented through positive peer support and
modeling. The inclusion of a social element within a VR
intervention is currently challenging, although Multiple User
Virtual Environments have been used (Pillen et al., 2020).

Self-Efficacy: Improving Perceived Control
According to the Theory of Planned Behavior, any intention to
change must be complimented by: 1. The perception that one
can change, and 2. The actual skills needed to execute the new
behavior(s) (Ajzen, 1991). Here, perceptions are a focus, because
adopting new self-management behaviors requires patients to
accept that improved health is within their power (locus of
control) and that they have the capacity (self-efficacy) to execute
the necessary change. As such, educational self-management
interventions should seek to directly target perceptions of
control. With well-designed applications, VR is well-placed to
assist in this way. Here, rehearsal of new skills in realistic
simulations and with the provision of positive feedback, a user is
likely to build a sense of agency and control through experience.

Self-Efficacy: Improving Actual Control
The type of skill building required for effective chronic condition
management or rehabilitation will be specific to that condition.
For example, the skills required to manage chronic pain may
include pacing and graded activity skills; stress-management
techniques such as cognitive diffusion or meditation; problem-
solving and goal-setting skills; and sleep management schemes.
Managing diabetes on the other hand, may focus skills related to
weight loss such as meal planning and blood glucose monitoring.
Such skills may be acquired and rehearsed in interactive VR
scenarios, and made effective through the implementation of
gamification, task progression, feedback and reward schemes.
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FIGURE 1 | A scale of relating to the learning theory of constructivism.

One example of a simple implementation of skills training in
VR for chronic pain is relaxation training for stress management
(Darnall et al., 2020). Here, training to self-induce a relaxed
state can be made easier by overlaying relaxing audio-visual
contexts and breath detection and feedback techniques (Darnall
et al., 2020). Notably, such interventions may have implications
beyond improving perceived capacity to manage stress. That
is, meditation has also been shown to impact cognitive control
(Waller and Bates, 1992). Cognitive control refers to our ability
to inhibit automatic responses. Cognitive control relates to skills
needed when attempting behavior change, such as self-discipline
and ability to delay gratification (Waller and Bates, 1992; O’hea
et al., 2005).

THEORETICAL MODELS OF LEARNING
AND BEHAVIOR CHANGE IN VR

The interplay between learning theory and the affordances
of VR have been thoroughly reviewed (Pillen et al., 2020).
Here we consider key aspects of learning theory in the
context of VR-based education and training interventions for
chronic conditions and the specific goal of positive behavior
change. As suggested by the Theory of Planned Behavior,
the targets of behavior change interventions should consider
beliefs and attitudes, perceptions about best and normal care,
perceptions of self-efficacy, and skills-based knowledge (Ajzen,
1991). Understanding learning theory represents an opportunity
for developers seeking to create effective intervention.

Constructivism
Constructivism is an empirically supported theory where
understanding is constructed actively through experiences, and
reflections on those experiences (Petrie et al., 1995). The
VR toolkit includes features that give it distinct capacity to
mediate salient experiences where participants learn through
interacting with content, and in a way that either intentionally
or naturally stimulates reflection. These features include the
ability to simulate abstract scenarios, to simulate numerous
real-world scenarios without having to change locations or use
physical equipment, the ability to provide real-time feedback,
reinforcement and reflective prompts, to apply gamification, and
to induce a state of presence that may foster greater engagement

and curiosity (Liu et al., 2017b). Constructivist principles are
best satisfied in content creation when the participant has greater
capacity to constructs his or her own learning experience within
the learning environment (Colzato et al., 2015; Pillen et al.,
2020). That is, the degree to which constructivist principles are
satisfied, can be visualized on a scale of passive consumption of
information, through to producers of information (see Figure 1,
including example VR activities).

Embodied Cognition and Embodied
Learning
Embodied cognition is a theory of cognition based on the
premise that the brain and body are intrinsically coupled by
virtue of their co-evolution (Fox, 2001; Inzlicht et al., 2015).
In this theory which supports the constructivist paradigm,
the body—along with its sensorimotor capabilities and brain-
held representations—provide the neural architecture for human
cognitive processes. Health education programs are typically
mentalistic—learners sit, watch, and listen, with little engagement
of the body. Like other cognitive processes, learning co-
evolved with the body. As a result, better engagement of
sensorimotor systems in learning has significant potential to
enhance education. To this aim, the potential for engagement
of the body through interaction, gives VR unique capacity to
employ embodied learning principles in a manner that is more
scalable than real-world simulated learning.

Narrative-Based Learning
Narrative-based learning is a learning model grounded in
the theory that humans define their experiences within the
context of narratives—which serve as cognitive structures and
a means of communication, as well as aiding people in
framing and understanding their perceptions of the world
(Fox, 2001). Narrative is also an important motivational
component of learning. At the core of the narrative learning
approach, is a problem that must be solved by constructing and
applying knowledge.

The Proteus Effect
Remarkably, the occupant of a virtual avatar can express new
behaviors and attitudes reflective of the character of the avatar
(Mahon, 2015; Jacobson, 2017). For example, after flying above
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TABLE 1 | Key points for developing education and self-management

interventions in virtual reality.

Transdisciplinary team members may

include:

• Domain-relevant health professionals

and health scientists

• Educationalists

• Behavioral psychologists/behavior

change experts

• Narrative designers

• Health communication experts

• End users and funding partners

• Experts in gamification and

human-computer interaction

• Content developers, visual and sound

designers, programmers

Content of interventions should

include strategies to target domains

such as:

• Attitudes toward health-related

behaviors

• Beliefs that said behaviors are

normative/socially desirable

• Perceptions of control

• Skills/actual behavioral control

Environmental and avatar

considerations:

• Authenticity of the environment should

be optimized to best simulate real-world

scenario and/or facilitate presence and

engagement

• The nature and capabilities of the virtual

body could be considered where it may

be desirable to leverage the

Proteus effect

Prioritize active, embodied,

narrative learning:

• More movement and interaction are

better than less

• Movement/gestures should be

meaningful where possible

• Greater user choice and

opportunities for creativity is

best

• Experiences that are guided, rather

than structured are optimal

• Use of narrative contextualizes

content and frames understanding

• Gamification principles aid

engagement and reinforce learning

• Producing content and creative

interactions are optimal

Importance of generalization:

• Strategies to aid generalization of

learning to real-world outcomes

should be considered. This

may include a transfer phase,

where content is reflected upon

or rehearsed in the real-world

Feedback and evidence:

• Seek and respond to end-user

feedback throughout process

• Form research partnerships and

undertake formal clinical testing as

early as possible

a virtual city as a superhero, participants are more likely to help
an experimenter pick up a jar of “accidentally” spilled pens than
if they flew in a virtual helicopter (Ziemke, 2016). Participants
have even been shown to perform better on cognitive tasks
when embodying Einstein (Bruner, 1991). This close relationship
between mind and (perceived) body has been described as
embodied cognition (Fox, 2001; Inzlicht et al., 2015). One recent
clinical application of this idea was in a case report with a
person with Chronic low back pain (LBP) (Slater and Sanchez-
Vives, 2014). Here, the patient’s presentation included negative
body-related attitudes and perceptions, such as low physical self-
confidence and perceptions of physical vulnerability that may
have contributed to his presentation and level of disability. When
the patient embodied avatars that had high-physical capability
and athletic physical-appearance, the patient displayed more
positive self-perceptions—such as greater perceptions of strength
and confidence with physical activity.

Generalization
The concept of generalization is well-known in the learning
sciences (Slater, 2017). Generalization denotes that learning in
one context, does not necessarily fully translate to another
context (Rosenberg et al., 2013; Slater, 2017). As such, VR
education programs should consider intermediate steps to

facilitate real-world translation. In the case of VR relaxation
training for example, a “transfer phase” could be included
that introduces relaxation techniques into real-world routines.
Transfer may also be aided by a debriefing session, between the
clinician and client, following the simulation.

Examples From the Literature
While existing examples in the literature are scant, most do not
capitalize on the features of virtual reality or leverage education
science principles. For example, a recent VR-based education
and rehabilitation for chronic lung disease delivered education
simply as 2D videos in a 3D environment (Banakou et al., 2018).
Others use 3D content simply to view anatomical pathology, and
aid understanding of a disease state (e.g., Harvie et al., 2020).
Some applications have used experiential learning techniques.
For example, one application uses a virtual lion to induce fear—
presumably to show how our defensive response systems (e.g.,
fear and pain) respond to the perception of danger, rather than
danger itself. This is likely to persuade patients that their pain is
not necessarily a sign of damage, and that re-engaging in activity
is safe (Banich and Caccamise, 2011). Moreover, meditation-
based games that interact with the user’s breath, have been used
in applications that teach stress-management skills (Darnall et al.,
2020). Educational techniques that align with the imaginative
and creative mandate of the constructivist paradigm are difficult
to find in the health context but may be found elsewhere (e.g.,
Sharkey and Sharkey, 1993).

CONCLUSION

Immersive VR has opened up a world of possibilities in
healthcare and beyond, most of which are currently untapped.
Whilst not exhaustive, this review has described many of
the important features of VR that make it a potentially
transformative tool for facilitating education and self-
management interventions for people with chronic conditions.
Moreover, it has outlined some of the key learning theories that
intersect with the features of VR that may assist in effective
program development (see Table 1 for a summary table of
key points for developing education and self-management
interventions in VR). While developer tools such as visual
scripting and large repositories of pre-modeled assets reduce
the resources and time required to develop new applications,
the effort needed to create high-quality experiences should
not be underestimated. Indeed, the effectiveness of a VR
intervention will rely on the design and production quality,
as much as the educational content itself. As such, progress
in this space will require support from funders of health
research and industry, as well as transdisciplinary collaboration.
This co-design process may include: (1) Narrative designers,
specialized health communication experts and educationalists,
(2) Health and behavioral psychology experts from academic,
clinician and patient perspectives, (3) Visual and sound content
developers and software programmers, and 4. Experts in
human computer interaction and gamification. Key points
for developing education and self-management strategies
are summarized in Table 1. Given the potential upside
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of improved self-management in the growing problem of
chronic conditions, leveraging tools with strong potential
is imperative.
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