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Abstract

Simulation has a long history in medical and health science training and
education. The literature describing this history is extensive. The role
simulation plays in many health disciplines has evolved, as has the focus of the
literature around it. The Virtual Environment for Radiotherapy Training
(VERT) system is a relative newcomer to radiation therapy education and,
similar to the literature around radiation therapy (RT) education, is still in its
infancy. This narrative review sets the scene of simulation-based education
within the health sciences and considers the lessons learned from published
work on VERT to date. The evidence suggests that future inquiry involving
VERT should explore different ways in which VERT can be used to contribute
to the skillset required by the radiation therapist of tomorrow.

J Med Radiat Sci 65 (2018) 131-136

doi: 10.1002/jmrs.276

What This Article Sets Out to Do

When considering areas of enquiry, it is often useful to
perform an appraisal of the ‘state of play’ of existing
literature. Systematic reviews, for example are a rigorous
way in which current literature can be appraised. The
chief limitation of such reviews is that a narrow scope is
permitted by the fairly rigid constraints set by the strict
guidelines for inclusion criteria of articles of interest. A
useful alternative is the narrative review. What they lack
in established format is compensated for with an ability
to appraise the reader of what literature exists around a
topic and what potential there is for further lines of
enquiry.! Such reviews do not necessarily involve a
detailed critique of each article considered, as the intent
is not to provide a basis for clinical decision making, but
rather encourage consideration of a broader topic.”

The aim of this narrative review is to provide a
perspective on enquiry concerning the Virtual Reality
Radiotherapy Training or VERT system. This aim is
achieved by meeting three objectives: first, establishing a
context for the use of simulation in health science
education; second, identifying the themes to research
already conducted around VERT and finally, identifying

potential future directions for research into the VERT
system.

Databases such as PubMed, Medline, EBSCO, CINAHL
and Google Scholar were used to find articles relating to
simulation in health science education. The focus was on
systematic review articles as well as editorials and articles
providing an overview. Those same databases were used
to find any articles relating to the VERT system.

Background of Simulation in Health
Science Education

Like many health professions, there are significant
demands placed on the cognitive and motor skills of a
radiation therapist. Skills are often described as being
acquired rather than learned. The adage ‘repetition is the
mother of a skill’ encapsulates the need to provide trainee
practitioners opportunities to develop such abilities.
Many occupations require frequent practice of skills to
achieve mastery, such mastery is often a precursor to
being permitted to practise those skills independent of
supervision. During those iterations, inevitably the learner
will make mistakes, some of them significant. In the past,
healthcare disciplines have relied on an apprenticeship
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model of training where, under supervision, the student
will ‘see one, assist with one, do one’.>* While the
apprenticeship model arguably has its place in the health
professions, the concept of making mistakes to afford
learning opportunities is not acceptable when people and
their health and wellbeing are involved.” To enable
students to learn patient-centred skills safely, there is an
increasing role for simulation. Bradley offers a useful
definition of just what is meant by simulation in the
health science context.®

The technique of imitating the behaviour of some situation or
process ...... by means of a suitably analogous situation or
apparatus, especially for the purpose of study or personnel
training. (page 254)

An extensive literature illustrates the number of
healthcare disciplines using simulation-based teaching and
learning in their curricula. Examples are found in surgery,
anaesthesia, dental surgery, inter-professional learning,
emergency medicine, diagnostic skills, history taking and
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trauma medicine.

The Case for Simulation

A study which surveyed educators in various health
disciplines found strongly held perceptions that
simulation was beneficial to teaching, learning and
assessment across a range of domains. These included but
were not limited to procedural skills, communication
skills, interdisciplinary interactions and patient evaluation
skills.'"” There has been significant reform in medical,
nursing and other health discipline education in recent
times.*'® This reform is indicative of a move away from
the apprenticeship model to one based on social
interaction and experience, focused on quality of care for
the patient.'”'® Cioffi outlined a series of perceived
advantages to using simulation; learning is experiential,
active, iterative and mimics clinical reality while removing
the risks associated with failure.”” Such learning
approaches can fall into the constructivist school of
thought. This model emphasises that a learning
environment must be ‘safe’ for the student, permitting
opportunities to try, fail and not be subject to derision or
ridicule.!® Kneebone and Kunkler (amongst others)
discuss the ability of simulation-based learning to provide
such an environment for students.”® Learning experiences
based in such an environment are more likely to
encourage deep learning and are therefore more likely to
be lasting for the student.”>*' Moule acknowledged that
simulation goes beyond simple demonstration of clinical
skills. Rather students may practice, receive feedback and
‘try again’ with the confidence that no harm will come to
patients.”> Attention to patient safety has arisen in no
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small part due to the reform which has occurred in
medical and other health professional education
refocussing on patient needs.” What Bradley terms the
‘safety agenda’ has been brought to the fore in a series of
themed publications.”»** Gaba discussed simulation-based
training in anaesthesiology as a model for patient safety
in such an issue.”> Ziv and colleagues strongly advocated
for the use of simulation-based training to improve
patient safety in healthcare delivery”® and describe
integrating simulation into healthcare training as an
ethical imperative.” This article definitively positioned the
patient as needing their health issues addressed, not to
serve the training needs of the student practitioner.

Issues with Simulation

In their review of medical simulation history, Rosen has
pointed out that medicine is another example of a
concerning phenomenon with respect to simulation:

No industry in which human lives depend on the skilled
performance of responsible operators has waited for the
unequivocal proof of the benefit of simulation before
embracing it'"”

There are other examples of reviews or studies where
the evidence of benefit from simulation-based education
versus not using simulation is equivocal.'®'”*’

There is concern that while students can successfully
learn clinical skills using simulation techniques, there is a
risk that the patient is not fully considered in subsequent
clinical practice; in a sense, simulation risks generating a
false sense of security. Such limitations can happen
irrespective of the simulation being high or low fidelity,
how closely the simulation mimics reality. A simulation
has limitations and may lack realism, using standardised
patients may limit the variety of patient experience which
may be encountered.”® Such limitations could be
characterised as a failure in the transfer of learning.
Norman et al.*” conducted a review specifically examining
this issue. They concluded that studies trialling simulation
against no intervention do not clearly show a relationship
between how material is taught and what is learnt. This
represents a significant challenge and muddies the waters
with respect to the benefits of simulation. Cook et al."?
reviewed 609 studies and concluded there was no merit
in further studies comparing
simulation as only 4% of the studies identified did not
show any benefit. This group argued a more useful
direction would be to examine when and how best to

simulation versus no

utilise simulation in any teaching curriculum.

Some of the studies discussed above illustrate a major
philosophical criticism of the use of simulation based
education; a lack of underpinning theory. Cant and
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Cooper suggested that while evidence existed of derived
benefit there is still much to be learned with respect to
effective implementation.'® Bradley and Postlethwaite
identified that a paucity of sound educational research is
commonplace with regard to new ideas in healthcare
training.'® Berragan indicated that successful use of
simulation requires awareness of the range of theoretical
models of learning; there is no ‘one size fits all’ approach
which can be utilised.”® Gaba highlighted the lack of
high-level evidence confirming the benefits of simulation,
he asserted the appropriate measure was data equivalent
to a randomised clinical trial.”® Educational studies often
depend on self-reporting from students to measure the
success of using simulation.”’* While this would not
appear to be the high-level evidence Gaba calls for, such
studies are appropriate for educational research. Bradley
and Postlethwaite highlighted the importance of choosing
an appropriate paradigm of inquiry for educational
research.'®

The Case of VERT

The Virtual Environment Radiotherapy Training (VERT)
system is a virtual reality environment presenting the user
with a linear accelerator (LINAC), patient couch, the
bunker the equipment resides in and a virtual patient.
Interaction with the system has varying degrees of
immersion but at a minimum involves actual LINAC
control handsets from the major equipment vendors
interfaced with the software and touch screen controls.
This allows control of the virtual equipment. The
environment can be presented in two dimensional (2D)
or three dimensional (3D) form. Additionally treatment
beams can be visually represented and the patient can be
presented as a ‘solid’ person or their internal anatomy
can be represented by rendering of those organs or
related CT images. The two abilities just described can be
combined with imported treatment plans to truly
represent in 3D the dosimetric impact of a given
treatment technique or set up. The fully immersive
version of the system allows what the user sees to be
controlled by movement of the user around the virtual
environment. The chief limitation is the inability to
manually position a virtual patient on the treatment
couch. Even with this taken into account, VERT provides
a relatively high-fidelity experience for the student
practitioner.

The existing literature on VERT as a simulation tool
for radiation therapy training is, in contrast to simulation
in health science generally, limited. This can be explained
in part by the fact that the system only became available
commercially in 2008. Additionally, radiation therapy is a
relatively small discipline in the context of healthcare.

VERT as an Educational Tool

The inventors of the system initially published the
development of VERT as a concept and later provided a
description of the capabilities and features of the
operational system. Some context was outlined as to the
potential benefits of the system in the training of
radiation therapists (known as therapy radiographers in
the UK). Early uptake of the system was primarily
intended to address workforce issues in England and
allow students the development of motor skills without
pressurising clinical resources.’>

Development of the system continued with a series of
partners in academic and clinical
publications reporting on this progress. Bridge et a
published findings of a quasi-experimental evaluation.
Their aim was to assess the success of VERT in aiding
students to understand skin apposition set ups. There was
acknowledgement that simulation lacked the feedback
which would be gained in situations with a real patient.
However, the ability to practice the task without the
burden of a real patient and the inherent constraints that
brings was deemed wuseful by students. From a
development point of view the study resulted in some
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suggestions for additional features which have found their
way into newer versions of the system. Green and
Appleyard published further work on developing skill
with the skin apposition technique.”®

Three publications of an evaluative nature centred on
how the system had been or was going to be used. Two
focused on the English context,””*° the third related to
the system installed in Aarhus, Denmark.*' Appleyard
and Coleman wrote a report for the Department of
Health who provided funding so that all English
education providers and public treatment centres could
obtain a VERT installation. The report suggested that
VERT applications might be better developed in academic
centres.”” James and Dumbleton provided further insight
into how those installations were used in the clinical
context. They reported variation in the use of VERT
between centres. Data suggested the full potential of the
system was not being realised and this was largely
attributable to lack of resources diverted to implement
VERT in the respective departments.*” Boejen and Grau
outlined some of the alternatives for simulation in
radiation therapy training but centred their attention on
the potential represented by VERT as a
comprehensive approach to radiation therapy simulation.
No conclusive data were presented as the paper was more
of a discussion in nature.*!

more

Among the more recent publications is an article
addressing the need for theoretical underpinning of VERT
as an educational tool using a specific learning resource
as an example. The design and evaluation of the resource
were guided by a specific theory of learning and teaching,
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Constructive Alignment as described by Biggs and Tang.*'
This is the first time such an approach has been used.
This is also the first publication to address the reported
under-utilisation of VERT in the English context.*?

Motor skill familiarisation has been a hallmark of
previously published work. More recently the inventors of
the system recently described the ability to demonstrate
the dosimetric impact of equipment mis-calibration in
the optional physics module. A good example of
expanding VERT use to applied conceptual
understanding.*’

From this brief summation of the literature the reader
can ascertain that much remains to be explored about
simulation as an educational tool in health science in
general and VERT in particular. The existing research on
VERT focuses on two main themes; what users foresee
the VERT system to be capable of providing and
introducing students to basic clinical motor skills.
Because of the narrow range in the existing literature
around VERT, there are extensive gaps in published
understanding of the system and its use as an educational
tool. There are a broad range of topics that are worthy of
further investigation such as treatment planning concepts,
patient education, medical physics and anatomical
instruction.

The New Zealand Experience

The Bachelor of Radiation Therapy (BRT) offered by the
Department of Radiation Therapy at the University of
Otago, Wellington, New Zealand produces competent
practitioners eligible for registration and licencing to
practice in the New Zealand health system. The standard
of the programme is such that a typical BRT graduate
meets the required standard for practice in comparable
jurisdictions such as Australia, the United Kingdom,
Canada and many mainland European countries. As
competence is determined to be the final arbiter of a
practitioner’s standard of education, it was considered
inappropriate that any study would seek to measure or
establish if integration of VERT technology would result
in ‘better practitioners’. This would imply that those who
went before were not up to standard or as competent and
that is patently not the case.

A number of studies have been completed or are in
progress in our department. An example appears in this
issue, reporting on the development and evaluation of a
specific VERT teaching module to facilitate first year
student understanding of a variety of treatment
techniques.* Previously, we have reported on the use of
VERT in second year treatment planning academic papers
encompassing data collected from students, academic
teaching staff, clinical staff and an inventor of the
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machine.* That study suggested VERT presented a two-
edged sword; on one hand, VERT can facilitate a rethink
of the way we educate radiation therapists, on the other,
integrating the system into an existing curriculum
without thorough preparation and resourcing can provide
just as much frustration as benefit. In addition, an
interview with the inventor of the system identified that
the New Zealand focus on using VERT to support
conceptual teaching was more closely aligned to the
original intent of the system than the English experience
had presented to date. Using VERT as part of an holistic
approach to assessing the integration of academic
knowledge and soft clinical skills has been reported on.*
That study demonstrated students can effectively use
VERT to support and demonstrate their conceptual
learning. The level of success in this regard however may
be linked to the level of training they receive in hands on
use of VERT. A broader summation of the variety of
ways VERT has been integrated into teaching across the
BRT has been published.*” A key aspect of that report
was the usefulness of VERT in making the longitudinal
and horizontal connections between aspects of the entire
programme of study. In addition to the student radiation
therapist focused studies, in depth work using VERT as a
patient education tool to prepare and inform patients
prior to a course of radiation therapy has been presented
at a number of international forae.*®

Future Directions

What the experience in our department has demonstrated
is that the growth of active research into the use of
simulation and specifically VERT as a teaching and
learning tool is mirroring the pathway established by
other disciplines. Radiation therapy does not need to
explore the question of using simulation or not, rather
future research should explore the best ways to utilise the
potential benefits as well as avenues not previously
thought of. Bridge et al.*’ have tapped into this thinking
with their report on an extended simulation environment
of which VERT was a single component. VERT gained a
foothold internationally to address workforce issues by
providing a tool to permit a different approach to
syllabus delivery which freed up precious clinical
resources. The New Zealand experience would seem to
indicate that moving to integrating technology like VERT
at a curriculum design level has potential benefits for
teaching staff, students and patients alike. Conceptual
learning, opportunities for reflection and critical analysis
of multiple clinical scenarios with zero impact on
patients’ actual health journeys and exposure to
teamwork in a safe environment are all within the scope
of simulation and VERT in particular. Educational
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experience of this nature will provide practitioners of the
future with the kind of sustainable lifelong learning our
profession needs.

Acknowledgements

The author thanks Dr Sarah Stein and Associate Professor

Patries Herst for their constructive comments on the

manuscript.

Conflict of Interest

The author declares no conflict of interest.

References

1.

10.

11.

© 2018 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of

Ferrari R. Writing narrative style literature reviews. Med
Writ 2015; 24: 230-5.

. Green BN, Johnson CD, Adams A. Writing narrative

literature reviews for peer-reviewed journals: Secrets of the
trade. J Chiropr Med 2001; 5: 101-17.

. Kneebone R. Simulation in surgical training: Educational

issues and practical implications. Med Educ 2003; 37: 267—
77.

. Aggarwal R, Mytton OT, Derbrew M, et al. Training and

simulation for patient safety. Qual Saf Health Care. 2010;
19 (Suppl 2): i34-43.

. Ziv A, Wolpe PR, Small SD, Glick S. Simulation-based

medical education: An ethical imperative. Simul Healthc
2006; 1: 252-6.

. Bradley P. The history of simulation in medical

education and possible future directions. Med Educ 2006;
40: 254-62.

. Gurusamy K, Aggarwal R, Palanivelu L, Davidson BR.

Systematic review of randomized controlled trials on the
effectiveness of virtual reality training for laparoscopic
surgery. Br ] Surg 2008; 95: 1088-97.

. Kunkler K. The role of medical simulation: An overview.

Int ] Med Robot 2006; 2: 203-10.

. Whelan J, Spencer J, Dalton L. 10th National Rural Health

Conference. In: Gregory G (ed). Building Rural Health
Care Teams Through Interprofessional Simulation-Based
Education. National Rural Health Alliance, Canberra, 2009;
pp- 1-10.

Paige JT, Kozmenko V, Yang T, et al. High-fidelity,
simulation-based, interdisciplinary operating room

team training at the point of care. Surgery 2009; 145:
138-46.

Blyth P, Loke S, Swan J. Otago Virtual Hospital: Medical
students learning to notice clinically salient features. In:
Steel CH, Steel CH, Keppell MJ, Gerbic P Housego S
(eds). ASCILITE 2010. Proceedings Ascilite, Sydney, 2010;
pp- 108-12.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

VERT as an Educational Tool

Cook D, Hatala R, Brydges R, et al. Technology-enhanced
simulation for health professions education. JAMA 2011;
306: 978-88.

Littlefield JH, Demps EL, Keiser K, Chatterjee L, Yuan CH,
Hargreaves KM. A multimedia patient simulation for
teaching and assessing endodontic diagnosis. | Dent Educ
2003; 67: 669-77.

Stylopoulos N, Vosburgh KG. Assessing technical skill in
surgery and endoscopy: A set of metrics and an algorithm
(C-PASS) to assess skills in surgical and endoscopic
procedures. Surg Innov 2007; 14: 113-21.

Bray B, Schwartz CR, Weeks DL, Kardong-Edgren S.
Human patient simulation technology: Perceptions from a
multidisciplinary sample of health care educators. Clin
Simul Nurs 2009; 5: e145-50.

Cant RP, Cooper SJ. Simulation-based learning in nurse
education: Systematic review. ] Adv Nurs 2010; 66: 3—15.
Rosen KR. The history of medical simulation. J Crit Care
2008; 23: 157-66.

Bradley P, Postlethwaite K. Simulation in clinical learning.
Med Educ 2003; 37 (s1): 1-5.

Cioffi J. Clinical simulations: Development and validation.
Nurse Educ Today 2001; 21: 477-86.

Ramsden P. Learning to Teach in Higher Education, 2nd
edn. RoutledgeFalmer, New York, London, 2003.

Biggs J, Tang C. Teaching for Quality Learning at
University, 3rd edn. Open University Press, Maidenhead,
2009.

Moule P. Simulation in nurse education: Past, present and
future. Nurse Educ Today 2011; 31: 645—6.

Department of Health. An organisation with a memory.
London: Her Majesty’s Stationery Office (HMSO); 2000.
Kohn LT, Corrigan JM, Donaldson MS (eds). To Err is
Human: Building a Safer Health System. National
Academies Press, Washington, DC, 2000.

Gaba DM. Anesthesiology as a model for patient safety in
health. Br Med J 2000; 320: 785-8.

Ziv A, Small S, Wolpe PR. Patient safety and
simulation-based medical education. Med Teach 2000;
22: 489-95.

McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. A
critical review of simulation-based medical education
research: 2003-2009. Med Educ 2010; 44: 50-63.

Berragan L. Simulation: An effective pedagogical approach
for nursing? Nurse Educ Today 2011; 31: 660-3.

Norman G, Dore K, Grierson L. The minimal relationship
between simulation fidelity and transfer of learning. Med
Educ 2012; 46: 636—47.

Gaba DM. The future vision of simulation in health care.
Qual Saf Heal Care 2004; 13 (suppl_1): i2-10.

Kuznar K. Associate degree nursing students’ perceptions
of learning using a high-fidelity human patient simulator.
Teach Learn Nurs 2007; 2: 46-52.

135

Australian Society of Medical Imaging and Radiation Therapy and New Zealand Institute of Medical Radiation Technology



VER

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

136

T as an Educational Tool

Garrett BM, MacPhee M, Jackson C. Implementing high-
fidelity simulation in Canada: Reflections on 3 years of
practice. Nurse Educ Today 2011; 31: 671-6.

Gordon JA, Wilkerson WM, Shaffer DW, Armstrong EG.
“Practicing” medicine without risk: Students’ and
educators’ responses to high-fidelity patient simulation.
Acad Med 2001; 76: 469-72.

McCaughey CS, Traynor MK. The role of simulation in
nurse education. Nurse Educ Today 2010; 30: 827-32.
Phillips R, Ward JW, Beavis AW. Immersive visualization
training of radiotherapy treatment. Stud Health Technol
Inform 2005; 111: 390-6.

Phillips R, Ward JW, Page L, et al. Virtual reality training
for radiotherapy becomes a reality. Stud Health Technol
Inform 2008; 132: 366-71.

Bridge P, Appleyard RM, Ward JW, Philips R, Beavis AW.
The development and evaluation of a virtual radiotherapy
treatment machine using an immersive visualisation
environment. Comput Educ 2007; 49: 481-94.

Green D, Appleyard R. The influence of VERT™
characteristics on the development of skills in skin
apposition techniques. Radiography 2011; 17: 178-82.
Appleyard R, Coleman L. Implementation of an immersive
virtual reality training system for radiotherapy: Early
lessons and insights. Imaging Oncol 2009; 16-29.

James S, Dumbleton C. An evaluation of the utilisation of
the virtual environment for radiotherapy training (VERT)
in clinical radiotherapy centres across the UK. Radiography
20135 19: 142-50.

Boejen A, Grau C. Virtual reality in radiation therapy
training. Surg Oncol 2011; 20: 185-8.

42.

43.

44.

45.

46.

47.

48.

49.

Paul Kane

Nisbet H, Matthews S. The educational theory
underpinning a clinical workbook for VERT. Radiography
20115 17: 72-5.

Beavis AW, Ward JW. The use of a virtual reality
simulator to explore and understand the impact of Linac
mis-calibrations. J Phys Conf Ser 2014; 489: 12086.

Leong A, Herst P, Kane P. VERT, a virtual clinical
environment, enhances understanding of radiation
therapy planning concepts. | Med Radiat Sci 2018; 65:
97-105.

Kane P, Stein S, Gallagher P, Bridge P. The impact of the
VERT virtual reality system on teaching and learning
associated with radiation therapy planning skills in the
second year of the Bachelor of Radiation Therapy.
University of Otago, Dunedin, 2014.

Kane P, Mudie B, Neser H. How do we make deep
learning and learning in groups attractive to students? In:
Wass R (ed). Proceedings of the Tertiary Education Research
in New Zealand (TERNZ) Conference. Higher Education
Development Centre, Dunedin, 2016.

Montgomerie D, Kane JP, Leong A, Mudie B. Enhancing
conceptual knowledge: An approach to using Virtual
Environment for Radiotherapy Training in the classroom.
J Radiother Pract 2016; 15: 1-4.

Flockton A-J, Neser H, Gallagher P. Men’s experience of
virtual simulation to aid patient education for
radiation treatment to the prostate. University of Otago,
Dunedin, 2017.

Bridge P, Crowe SB, Gibson G, Ellemor NJ, Hargrave C,
Carmichael M. A virtual radiation therapy workflow
training simulation. Radiography 2016; 22: ¢59—63.

© 2018 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
Australian Society of Medical Imaging and Radiation Therapy and New Zealand Institute of Medical Radiation Technology



