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The challenge of providing training and educa-
tion in healthcare has never been greater. The
COVID-19 pandemic has highlighted the weak-
nesses of methods that rely on master-apprentice
models, face-to-face delivery and patient access.
The emergence of a new generation of ‘immersive
technologies’ (eg, augmented and virtual reality)
presents an opportunity to overcome existing weak-
nesses and radically transform the healthcare educa-
tion landscape.'

While digital simulations have been available for
decades, recent large-scale investments coupled
with breakthroughs in low-cost computing and
artificial intelligence make this feel like a watershed
moment for immersive simulation technologies.
Yet, improper implementation and poorly designed
evaluation could risk future growth and place a
considerable burden on the healthcare system. With
this in mind, we recently brought together a collec-
tion of clinicians, researchers and industry under
the banner of the ‘Immersive Healthcare Collab-
oration’. We sought to generate a set of guiding
principles to maximise the utility of these technol-
ogies for training and education. The result of this
cross-disciplinary effort is the creation of a report
laying out three evidence-based principles for safe,
efficient and effective progress for immersive tech-
nologies in healthcare training and education. To
understand the rationale and evidence behind each
principles, we refer readers to the full report.” Here,
we provide a summary to encourage the broader
immersive healthcare community to implement in
their own work and practice. We believe adoption
of these principles will help realise the enormous
potential of these technologies and in turn, benefit
the healthcare community and ultimately, patient
care.

PRINCIPLE 1: DESIGN AND DEVELOPMENT

SHOULD BE DRIVEN BY LEARNING NEEDS

Numerous technological revolutions in education
have failed to improve learning outcomes, with
purchasing decisions too often ignoring the needs
of learners. To maximise the potential of immer-
sive technologies, we must answer a number of crit-
ical questions: (1) Which learning tool, immersive
or otherwise, is best suited to achieve the learning
outcome? (2) Which immersive experiences have
been shown to improve outcomes in high-quality
research? (3) How do we design and implement
immersive technologies to achieve specific learning
objectives? (4) Why do immersive systems accelerate
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the learning of specific outcomes when compared
with other tools? Or, in summary, answer the ques-
tion: ‘Immersive—so what?’

Considering the resources associated with devel-
oping and implementing these technologies, it is
critical that we consider the pedagogical purpose
and decide which features are necessary to address
the learners needs and improve learning outcomes.
For example, it seems intuitive that haptic feedback
would improve the learning of surgical procedures,’
but how might these technologies best be imple-
mented? An answer to this question is hampered by
our limited understanding of how sensory feedback
is used in different learning contexts. This makes
it difficult for a developer to understand where
such a feature would be helpful and where it might
hinder. Thus, we need to advance our theoretical
understanding of the sensory processes underlying
learning in parallel with technology development
and implementation.

PRINCIPLE 2: IMPLEMENTATION MUST GO
HAND-IN-HAND WITH RIGOROUS EVALUATION
Most of today’s immersive systems have a degree
of face validity (ie, they present relatively realistic
simulations of the real-world task), but this does
not necessarily translate to learning. Some systems
may show construct validity (demonstrating that
the system measures what it claims to be measuring)
and while this is a critical step in the development
of an effective tool it should not be the last. We
need more demonstrations of how learning carries
over from simulation to the real world,* and an
emphasis on outcomes relevant to the clinical envi-
ronment (eg, technical and non-technical skills, as
well as social and emotional learning) is crucial to
establishing the value of immersive technologies as
learning tools.’

In the majority of cases, we accept that acquisi-
tion of new technology is not driven by validity or
outcomes, but dictated by finances. And because
many studies take place only because of a local
opportunity, they are rarely well resourced and
appropriately powered. To ensure that research in
the implementation and evaluation phase is held
to high levels of scientific rigour, we encourage
journals, funders and institutions to incentivise
stakeholders to engage in transparent, open-
science practices, such as pre-registration of
research methods and publicly available analysis
protocols.
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PRINCIPLE 3: A CULTURE OF COLLABORATION SHOULD BE
FOSTERED TO ENSURE EFFICIENT AND EFFECTIVE USE OF
IMMERSIVE TECHNOLOGIES

The value of collaboration through multisite randomised
controlled trials to health sciences is well established, but such
studies come with considerable logistical challenges and resource
requirements. The digital nature of immersive technologies
could overcome such barriers. They also present an opportu-
nity for harvesting ‘big data’ in ways that could boost collabora-
tion and efficiency. The increased adoption of remote working
practices in a post-pandemic world is likely to accelerate the
development of the infrastructure, knowledge and bandwidth
that allow routine sharing of anonymised large-scale data. If
this culture is supported by a quality assurance system admin-
istered by an appropriate body, this could increase the motiva-
tion from industry to share data and in doing so, more closely
align the independent goals of academia, industry and healthcare
education.

With widespread roll-out possible and the increasing ubiq-
uity of these systems, wider issues around diversity and inclu-
sivity come to the fore. Biases in the technology development
process (eg, discriminatory algorithms) are well documented
and there are specific concerns about system inclusivity for
people with disabilities. If immersive tools are ultimately to
become mandatory for training and education, co-design with
industry will be necessary to develop accessible solutions for
all users.

LOOKING FORWARDS

It is clear that we need a combination of a bottom-up drive (from
clinicians, educators, researchers, developers) complemented
by top-down initiatives (organisations, funders, journals) that
facilitate work across disciplines, institutions, fields, sectors and
countries to build capacity and change perspectives through the
use of immersive technologies. Through the publication of our
report, and this summary letter, we hope to initiate a cultural
shift towards collaboration and the creation of inclusive tools
that have pedagogical purpose at the forefront of the develop-
ment process, generating an evidence-base founded on robust
and open science.

Twitter Ryan K Mathew @LeedsNeuro and Faisal Mushtaq @faisalmushtaq

Acknowledgements We are grateful to the Health Education England's
Technology Enhanced Learning team for its contributions to this work as part of
its remit to support the health and care workforce and the applications of learning
technologies and simulation and immersive technologies.

Collaborators The Immersive Healthcare Collaboration: Shafi Ahmed, Kamran
Ahmed, Leisa K. Anderton, Sylvester Arnab, Muhammad Awais, Julia R. Badger,
Khyldoon S. Bajwa, Rigmor C. Baraas, Jonathan Benn, Rosemarie d. I. C. Bernabe,
Samar Betmouni, Chandra S. Biyani, William S. Bolton, Jack Brookes, Gavin
Buckingham, Mark Christian, Rachel O. Coates, Roisin P. Corcoran, Francesco
Cosentino, Dorothy Cowie, Mutlu Cukurova, Peter Culmer, Cara A. Davidson,
Venketesh N. Dubey, Mai El Shehaly, Simon Fleming, Richard Friedland, Gareth
S. Frith, Linda Garcia, Austin Gibbs, Andrew Glennerster, Stephen P. Goss, David
J. Harris, Katherine E. Hiley, Liam J. B. Hill, Marc Holmes, Raymond Holt, Andrew
E. Jackson, Timothy H. Jung, Narinder Kapur, Jamila S. Karim, Rashid M. Kashani,
Andrew J. Keeling, Maire T. Kerrin, Mark Knowles-Lee, Andrew Lewington, J. Peter
A. Lodge, Abison Logeswaran, Michael Loizou, Rosemary Luckin, Neil McDonnel,

Mel Mckendrick, Graeme McLeod, Rohana Mir, Andrew R. J. Mitchell, Mark A.
Mon-Williams, J. Ryan Morehead, Chris Munsch, Debra Nestel, Craig J. Newbery-
Jones, Cecilie Osnes, Mathew J. Pears, David Peebles, Carl Philpott, Thomas \W. Pike,
Richard Price, Malek Racy, Neil Ralph, Trudie Roberts, Stephanie Rossit, Fatima R. N.
Sabir, George M. Saleh, Nick Sevdalis, William E. A. Sheppard, Uttam Shiralkar, Mark
T. Songhurst, Ken Spearpoint, Rebecca Thompson, James Tomlinson, Sam J. Vine,
Sam Watts, Alex West, Richard M. Wilkie, Rachel A. Williams, Mark Wilson, Marina
Yiasemidou, William R. Young.

Contributors RKM contributed to conceptualisation, project administration

and writing—review & editing. FM contributed to conceptualisation, project
administration, writing—original draft preparation and writing—review & editing.
Project administration: Katherine Hiley, William E. A. Sheppard. Writing—review

& editing: Shafi Ahmed, Kamran Ahmed, Leisa K. Anderton, Sylvester Amab,
Muhammad Awais, Julia R. Badger, Khyldoon S. Bajwa, Rigmor C. Baraas, Jonathan
Benn, Rosemarie d. I. C. Bernabe, Samar Betmouni, Chandra S. Biyani, William S.
Bolton, Jack Brookes, Gavin Buckingham, Mark Christian, Rachel O. Coates, Roisin P.
Corcoran, Francesco Cosentino, Dorothy Cowie, Mutlu Cukurova, Peter Culmer, Cara
A. Davidson, Venketesh N. Dubey, Mai El Shehaly, Simon Fleming, Richard Friedland,
Gareth S. Frith, Linda Garcia, Austin Gibbs, Andrew Glennerster, Stephen P. Goss,
David J. Harris, Katherine Hiley, Liam J. B. Hill, Marc Holmes, Raymond Holt, Andrew
E. Jackson, Timothy H. Jung, Narinder Kapur, Jamila S. Karim, Rashid M. Kashani,
Andrew J. Keeling, Maire T. Kerrin, Mark Knowles-Lee, Andrew Lewington, J. Peter
A. Lodge, Abison Logeswaran, Michael Loizou, Rosemary Luckin, Neil McDonnel,
Mel Mckendrick, Graeme McLeod, Rohana Mir, Andrew R. J. Mitchell, Mark A.
Mon-Williams, Ryan Morehead, Chris Munsch, Debra Nestel, Craig J. Newbery-
Jones, Cecilie Osnes, Mathew J. Pears, David Peebles, Carl Philpott, Thomas \W. Pike,
Richard Price, Malek Racy, Neil Ralph, Trudie Roberts, Stephanie Rossit, Fatima R. N.
Sabir, George M. Saleh, Nick Sevdalis, William E. A. Sheppard, Uttam Shiralkar, Mark
T. Songhurst, Ken Spearpoint, Rebecca Thompson, James Tomlinson, Sam J. Vine,
Sam Watts, Alex West, Richard M. Wilkie, Rachel A. Williams, Mark Wilson, Marina
Yiasemidou, William R. Young.

Funding The Centre for Immersive Technologies team are grateful for an MRC
Confidence in Concept Award (MC/PC/17165) that partly contributed to supporting
this letter.

Competing interests Shafi Ahmed—Co-Founder of Medical Realities. Khyldoon
Bajwa & Rebecca Thompson—Employees of Oxford Medical Simulation. Jamila
Karim—Head of Research at Proximie. Mel McKendrick—CEQ of Optomize Ltd.
Ryan Mathew - Consultant, Stryker. Mark Knowles-Lee—CEO at Fracture Reality.
Nick Sevdalis—Director of London Safety and Training Solutions Ltd. Sam Watts—
Immersive Partnerships Director, Make Real Ltd. Alex West—Commercial Manager,
VISR Dynamics. Rachel Williams—Medical Education Manager, Stryker.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Faisal Mushtaq http://orcid.org/0000-0001-7881-1127

REFERENCES

1 Health Education England. Enhancing education, clinical practice and staff wellbeing.
A national vision for the role of simulation and immersive learning technologies in
health and care. Available: https://www.hee.nhs.uk/sites/default/files/documents/
National%20Strategic%20Vision%200f%20Sim%20in%20Health%20and%20Care.
pdf [Accessed 21 Dec 2020].

2 The Immersive Healthcare Collaboration. The Role of Immersive Technology in
Healthcare Training & Education: Three Principles for Progress. Leeds, UK: Centre for
Immersive Technologies, 2020.

3 Culmer P, Alazmani A, Mushtaq F. Haptics in Surgical Robots. In: Handbook of robotic
and image-guided surgery. Elsevier, 2020: 239-63.

4 Al-Saud LM, Mushtaq F, Mann RP, et a/. Early assessment with a virtual reality haptic
simulator predicts performance in clinical practice. Bmj Stel 2020;6:274-8.

5 Harris DJ, Bird JM, Smart PA, et a/. A framework for the testing and validation of
simulated environments in experimentation and training. Front Psychol 2020;11:605.

460 Mathew RK, et al. BMJ Simul Technol Enhanc Learn 2021;7:459-460. doi:10.1136/bmijstel-2021-000881


https://twitter.com/LeedsNeuro
https://twitter.com/faisalmushtaq
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7881-1127
https://www.hee.nhs.uk/sites/default/files/documents/National%20Strategic%20Vision%20of%20Sim%20in%20Health%20and%20Care.pdf
https://www.hee.nhs.uk/sites/default/files/documents/National%20Strategic%20Vision%20of%20Sim%20in%20Health%20and%20Care.pdf
https://www.hee.nhs.uk/sites/default/files/documents/National%20Strategic%20Vision%20of%20Sim%20in%20Health%20and%20Care.pdf
http://dx.doi.org/10.1136/bmjstel-2018-000420
http://dx.doi.org/10.3389/fpsyg.2020.00605

	Three principles for the progress of immersive technologies in healthcare training and ﻿
﻿education
	Principle 1: design and development should be driven by learning needs
	Principle 2: implementation must go hand-in-hand with rigorous evaluation
	Principle 3: a culture of collaboration should be fostered to ensure efficient and effective use of immersive technologies
	Looking forwards
	References




