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Introduction: Simulated learning environments (SLEs) are commonly utilised by educational institutions.
The aim of this study was to assess if students perceptions varied relating to the effectiveness of either a
virtual reality (VR) simulation or traditional clinical role-play scenario in developing radiographic hand
positioning skills.
Methods: A split-cohort study was performed with Year 1 Undergraduate Radiography students (n ¼ 76).
Students were randomly assigned to undertake training for radiographic hand positioning tasks using
either the CETSOL VR Clinic software (Group 1) or traditional clinical role-play (Group 2). Following
completion of their positioning training, students’ perceived impact of the SLE on developing practical
and technical skills were assessed using a 5-point Likert scale questionnaire and free text option.
Results: Quantitative student perception scores indicated no significant difference between the two
simulation modalities, the mean agreement scores (combined strongly agree þ agree) for Groups 1 and 2
were 74.8% and 83.8%, respectively, where c2 (4, n ¼ 66) ¼ 9.5, p-value ¼ 0.394. Key themes expressed by
students following a thematic analysis were “engagement with the learning environment, positioning
practice and comparability to clinical practice.
Conclusion: The perceptions of novice students in training for radiographic hand positioning tasks, using
either a VR SLE or clinical role-play scenario, did not differ. There was a strong similarity in common
themes, however, a key point of difference identified was the benefit of repetition afforded by the VR
simulation, in contrast to the need for more time using traditional role-play in a constrained laboratory
setting.
Implications for practice: The lack of difference in student perceptions between VR and clinical role-play
training, could offer a different approach to clinical training which is easily accessible and allows users to
correct mistakes at their own pace.

© 2019 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction

In the discipline of medical radiation sciences, simulation is
commonly used to facilitate the development of a range of pre-
clinical and clinical skills for trainees and practising healthcare
workers.1,2 Simulated learning environments (SLEs) typically
include traditional role-play and institutional software-based
teaching methods to develop skills such as radiographic
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positioning, image acquisition, post-processing, and interpretation.
As a teaching tool, simulation provides several benefits over clinical
placement; most notably, workers can develop their skills in an
environment with fewer time constraints and perceived pressure
from observation.3 Additionally, SLEs facilitate repeated exposure
to core learning objectives promoting increased cognitive recall,4

whilst simultaneously building confidence with clinical tasks.5

From an efficiency perspective, a key goal of validated simula-
tion is the reduction of clinical placement hours required to achieve
competency.6 However, as outlined by Thoirs et al. (2013)6 qualified
practitioners have expressed concern over any reduction in clinical
placements; this is due to a lack of quantitative evidence relating to
enhancement of clinical performance. Potential reasons for the
absence in evidence include radiation safety considerations that
served.
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drive the use of anthropomorphic phantoms, limitations in re-
sources for providing trainee-specific feedback on image quality,
and the diversity in the range of mobility and communication of
patients that present for imaging.6,7,12

Of the two main forms of SLE, those that use software have
recently advanced with the advent of readily available virtual re-
ality (VR) engines and the increased sophistication of peripheral
devices. Early attempts at utilising VR-based software for devel-
oping skills pertinent to medical imaging include Shaderware,2,8

Medspace VR,9 and Medical Imaging Training Immersive Environ-
ment (MITIE).10 In addition to the aforementioned software for
medical imaging, significant progress has been made with the
Virtual Environment Radiation Therapy Training (VERT) software,
which has utilised a more immersive form of VR SLE.11

The quantitative and qualitative assessment of user perfor-
mance following training with software-based SLEs is limited. A
recent study by Gunn et al. (2018)12 assessed students’ abilities to
arrange radiographic equipment and patients in the optimum
configuration following split-group training with the MITIE soft-
ware or real-world x-ray clinical equipment. The results of this
study indicated a 4.75% overall positioning improvement for stu-
dents that trained using the MITIE software. It should be noted that
the findings of their study were based on subjective user assess-
ment and excluded some assessment data. In assessing the user
perceptions of SLEs, the outcomes have been shown to vary
depending on the task being undertaken. In a study by Bridge et al.
(2016),11 students reported satisfaction in the use of VERT software
relative to a real departmental placement for experiencing the
clinical workflow as they were in a “safe” virtual environment,
however they identified a need for more patient interaction. The
lack of interaction and communication was also identified as a
problem in the use of early generation SLEs when attempting to
align the patient for projection imaging.2 In addition, the usability
of the interface can be a significant problem, as identified in a split-
cohort study by Lilly et al. (2018)13 when training students tried to
use a remote access computed tomography (CT) scanner.

Whilst the aforementioned software-based SLEs generally
address specific aspects of the patient-practitioner pathway in
medical imaging, the Clinical Education Training Solution (CET-
SOL) VR Clinic was created to allow users to communicate and
interact with patients and their environment in addition to
acquiring and processing the images. As part of the initial devel-
opment and validation process, student perceptions scores have
previously been reported to be significantly higher for positioning
tasks performed with the VR Clinic compared with other
software-based SLEs.14 Student performance, measured in a split-
cohort study, has also been shown to significantly improve
quantitative radiographic hand-positioning outcomes for stu-
dents trained with the VR Clinic relative to clinical role-play in a
laboratory.15 In this work, the student perceptions relating to the
effectiveness of the SLEs for the training stage of the hand-
positioning study are reported.

Methods

Prior to commencing this project ethics approval was gained
from Monash University Human Research Ethics Committee
(Monash Univeristy CF16/661 - 2016000317). Participants in this
study were Year 1 students enrolled in the Bachelor of Radiog-
raphy and Medical Imaging (Hons) at Monash University in 2017.
The student population consisted of 19 males and 57 females who
had an average age of 20.4 ± 1.8 years. The students were
randomly assigned, using a random number generator, to one of
two groups according to the weekly training lab schedule by the
course coordinator at the start of the year. Students attending the
Monday and Thursday labs were assigned to the VR group,
whereas students attending the Tuesday and Wednesday labs
were assigned to the role-play group. The selection was per-
formed prior to meeting the students and neither the course
coordinator nor investigators had knowledge of students’ skill
levels (if any). An explanatory statement was given to the students
prior to commencement of the activity, participation was volun-
tary and consent was implied.

VR group

Students in the VR group were asked to complete the embedded
hand imaging referral and lesson plan using the CETSOL VR Clinic.
Prior to commencing the scenario, students were given a hands-on
tutorial on how to use the software in VR mode and 2D mode, this
included an introduction on how to use the Oculus Rift™, the
Oculus Touch™ controllers to navigate and communicate and how
to use Leap Motion™ hand tracking system within the software.
Students were then assigned to a VR workstation where they per-
formed the hand imaging scenario. The process required students
to perform several steps:

� selection of the correct imaging referral;
� verification of the patients' identity in the waiting room and
exam type using verbal commands;

� navigation of the patient to the x-ray examination room;
� positioning of the patient for a posterior-anterior (PA) projection
of the hand;

� positioning of the x-ray machine and corresponding equipment
such as markers, cassette, collimators and source to image dis-
tance (SID);

� selection of the appropriate parameters on the console and
acquisition of the image; and finally,

� discharge of the patient.

A photograph of a member of the VR Group performing the
simulation task can be seen in Fig. 1.

Role-play group

The Role-play group was assigned the same hand imaging
lesson plan and referral as the VR group, but in the form of an
instructional booklet. Students were asked to work in pairs where
the role of “patient” and “practitioner” was taken in turns. The
students were asked to act out and perform the clinical tasks
needed for completion of the requested imaging referral using real-
world x-ray equipment. The interactions were supervised by a
laboratory tutor who was a radiographer (imaging technologist)
with 5 years of clinical and educational experience. The imaging
procedure was almost identical to the VR Group, however as no
real-world radiation exposure to the live participants could take
place, several adjustments were made:

� upon setting up the “patient” and positioning the x-ray ma-
chine, couch, light-beam diaphragm, collimators, and SID
correctly the student acting as the “practitioner” was to
photograph the setup; also,

� the “patient” was replaced with an anthropomorphic phantom
and subsequently positioned for a PA hand projection by the
“practitioner”; also,

� the appropriate radiographic parameters on the console were
set and an image was acquired; and finally,

� the laboratory tutor provided feedback relating to “practitioner”
positioning and the overall x-ray image acquired from the
anthropomorphicphantomafter studentshadcompleted the task.



Figure 1. A student in the VR group demonstrating use of the CETSOL VR Clinic e setting up the x-ray equipment for a patient who is undergoing a (PA) hand imaging request (with
approval). Colour version can be seen online.
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An example of the clinical role-play simulation task performed
can be seen in Fig. 2.
Student perception analyses method

The student's perceptions of their prescribed SLE at developing
their patient positioning skills were gauged using a 5-point Likert
scale questionnaire. At the end of their respective simulation
Figure 2. A photograph of a student involved in clinical role-play simulation group
demonstrating a patient position setup for a (PA) imaging request of the hand. Colour
version can be seen online.
activities, students were asked to fill out a voluntary questionnaire
relating to their experience with the simulation tool they had been
assigned and how they perceived it impacted their practical and
technical radiography skills. The questionnaire consisted of two
qualitative feedback questions and 14 Likert scale questions
relating to the different phases of clinical patient positioning, this
allowed us to see if additional focus was needed on any one phase
of the simulation task. The questions were first developed in 2015
by an expert panel comprising four clinical radiography educators
at our faculty. We subsequently ran a pilot study with 54 Year 1
students who used an external radiography simulation software.
The questionnaire was then adjusted following principal compo-
nents analysis (PCA) and internal consistency check using Cron-
bach's Alpha (CA). We subsequently used the questionnaire to
compare the CETSOL Clinic with other digital simulation tools.14

The ordinal nature of the data set and the sample size informed
the choice of a chi-square (c2) test of independence for examina-
tion of the relationship between mean student perception and the
simulation tool utilised.16 The Bonferroni correction method was
applied to account for alpha-inflation and reduce the possibility of
Type I errors.

Results

Student perception score analyses

Each student (n ¼ 76) was randomly allocated to one of two
groups, either VR (Group 1) or role-play (Group 2). The responses of
the Group 1 (n ¼ 29) and Group 2 (n¼ 37) students, who answered
questions on their perception of the educational enhancement of
their positioning skills following the training activity, are presented
in Table 1. The mean values are presented in the final row. Appli-
cation of the Bonferroni correction for the family-wise error-rate
resulted in the original alpha level of 0.05 being adjusted down to
0.0036 for significance to be achieved. No significant difference in
the mean perception scores of the two student groups was
observed; c2 (4, n ¼ 66) ¼ 9.5, p-value ¼ 0.394.

Student feedback

In order to further gauge students perspectives of the SLEs,
students from each group were asked “What do you most enjoy
about the simulated learning environment?” and “What could be



Table 1
5-point Likert scale questionnaire results comparing student perception using the CETSOL VR Clinic® (Group 1) vs role-play (Group 2).

First Year Responses to the uses of
CETSOL VR Clinic® (2017) vs SRP
(2017).

SA A U D SD p -value Chi -Crit Chi- Stat Accept H1 if p � 0.0036

Statement % % % % %

Develops practical skills in patient
positioning

G1 10.3 69.0 17.2 3.5 0.0 <0.001 9.5 23.4 H1

G2 64.1 35.9 0.0 0.0 0.0
Develops practical skills in X-ray Tube

Centring
G1 10.3 79.3 10.3 0.0 0.0 0.012 9.5 12.9 H0

G2 51.4 46.0 2.7 0.0 0.0
Develops practical skills in Cassette and

Tube Alignment
G1 11.1 66.7 22.2 0.0 0.0 0.038 9.5 10.2 H0

G2 43.2 51.4 5.4 0.0 0.0
The simulation activity develops

practical skills in Cassette Selection
G1 31.0 58.6 10.3 0.0 0.0 0.634 9.5 2.6 H0

G2 26.3 50.0 21.1 2.6 0.0
The simulation activity develops

practical skills in Cassette
Positioning/Orientation

G1 20.7 65.5 13.8 0.0 0.0 0.411 9.5 4.0 H0

G2 43.2 48.7 8.1 0.0 0.0

The simulation activity develops
practical skills in Selecting Exposure
Factors

G1 27.6 41.4 24.1 6.9 0.0 0.41 9.5 4.0 H0

G2 15.8 60.5 13.2 10.5 0.0

The simulation activity develops
practical skills in Collimation

G1 24.1 65.5 10.3 0.0 0.0 0.038 9.5 10.2 H0

G2 57.9 42.1 0.0 0.0 0.0
The simulation activity develops

practical skills in Side Marker
Placement

G1 20.7 72.4 6.9 0.0 0.0 0.174 9.5 6.4 H0

G2 44.7 44.7 7.9 0.0 2.6

The simulation activity develops
practical skills in Image Processing

G1 6.9 48.3 27.6 17.2 0.0 0.358 9.5 4.4 H0

G2 13.5 43.2 16.2 18.9 8.1
The simulation activity develops

practical skills in Patient Dose (and
its relationship to Exposure Factors,
SID, Collimation)

G1 10.3 37.9 24.1 27.6 0.0 0.454 9.5 3.7 H0

G2 8.1 46.0 35.1 10.8 0.0

The simulation activity develops
practical skills in understanding the
Effect of Radiographic Positioning
and Parameters on Resultant Image

G1 17.2 55.2 10.3 17.2 0.0 0.023 9.5 11.4 H0

G2 22.2 41.7 36.1 0.0 0.0

The simulation activity develops
practical skills in Basic Projections
(PA and Lateral)

G1 10.3 37.9 24.1 27.6 0.0 <0.001 9.5 25.9 H1

G2 56.8 40.5 0.0 2.7 0.0

The simulation activity develops
understanding of the steps required
in preparation and execution of a
radiographic examination

G1 31.0 65.5 3.5 0.0 0.0 0.103 9.5 7.7 H0

G2 59.5 32.4 5.4 2.7 0.0

The simulation activity develops
practical skills in using correct
terminology

G1 10.3 41.4 31.0 13.8 3.5 0.053 9.5 9.3 H0

G2 29.7 54.1 10.8 5.4 0.0

Mean simulation activity positioning
and radiography skills perception
score

G1 17.3 57.5 16.9 8.1 0.3 0.394 9.5 4.1 H0

G2 38.3 45.5 11.6 3.8 0.8

Key: SA, strongly agree; A. agree; U, unsure; D, disagree; SD, strongly disagree; G1, VR Clinic; G2, simulated clinical role-play; Chi-Crit, Chi, Chi-square (c2) value, p
sig � 0.0036, H0: Student radiographic skill perception and software use are independent; H1: Student radiographic skill perception and software use are not independent.
(Please note alpha adjusted for inflation using Bonferroni correction).
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improved?”. The data was analysed through a thematic analyses
that followed the framework set out by Maguire and Delahunt
(2017).16 For the question, “What do you most enjoy about the
simulated learning environment?” a majority of students’ re-
sponses contained only one theme or answer. However, several
more students in the VR group (n ¼ 7 as opposed to n ¼ 2)
expressed multiple answers or themes. Notably, there was a higher
rate of blank (n ¼ 3) and uncategorisable responses for the role-
play group. For the question “What could be improved?”, stu-
dents responses were significantly more varied between the
groups. Therefore, responses were arranged into intragroup
themes. Several students wrote responses not relating to the
simulation activity at all - thesewere not categorised. A summary of
students results expressed as common themes are presented in
Tables 2 and 3.

The results presented in Tables 2 and 3 demonstrate a positive
response for the use of both the software-based and clinical role-
play SLEs was recorded; notably the “ability to engage with the
learning environment” was the most common theme expressed by
both groups. Students in the clinical role-play group expressed a
need for “more time” and “more opportunity to practise posi-
tioning”, in contrast, students in the VR group expressed that the
SLE allowed them to work through the scenarios “in our own time”
and “enabled us to correct mistakes at our own pace”. However, the
negative differences expressed by the groups when students were
asked what could be improved were primarily related to
calibration.

Discussion

Student perception

The initial backgroundwork, performed in 2015e2016 as part of
our ongoing research, assessed students’ perceptions of educational
enhancement of their positioning skills when comparing the use of
the CETSOLVR Clinic to that of existing non immersive radiographic
software.14 In our earlier split-cohort study, we found that mean
agreement scores (combined strongly agree þ agree) for the



Table 3
Common themes expressed by students in terms of what they perceived could be improved when using the CETSOL VR Clinic (Group 1) or clinical role-play (Group 2).

What do you think could be improved?

Theme Frequency
of occurrence

Examples of excerpts

VR Group
Software specific improvements 12 “showing us how to utilise it better.”

“improve the calibration. make it easier to move objects.”
Communication and patient

interaction
4 “More options to explore patient interactions.”

“can involve more communication with patients.”
Simulated Role play
More time to complete activity 12 “More time for each student to go through role playing.”

“often we are rushed to do the projections and can cause me to get a bit flustered and unsure if im doing
everything to the best of my ability.”

Image processing
and exposure factors

6 “The differences in exposure settings between what we learn and the clinical environment.”
“Have more time with image processing.”

Table 2
Common themes expressed by students relating to their enjoyment of using the CETSOL VR Clinic (Group 1) or clinical role-play (Group 2).

Question What do you most enjoy about the simulated learning environment

Group 1 Group 2

Theme Frequency of
occurrence

Examples of excerpts Frequency of
occurrence

Examples of excerpts

Engagement with
the learning environment

20 “That it allowed us to work
through different scenarios in our
own time. This enabled us to
correct mistakes at our own
pace.”

12 “I'm a very hands-on learner, so
the role-playing helps me more
than the other stations or
lectures and such.”

“I liked being independent and
having a go onmy own on setting
up the room and patient
positioning.”

“Allowed me to roleplay both as
the radiographer and patient
which allowed me to see their
perspective.”

Practise positioning 10 “positioning the patient and
being able to move the x-ray
tube.”

11 “Gives a good opportunity to
practice interaction with patient
and positioning on other people.”

“The fact that i could take many
images and experiment with how
different exposure factors and
positions affected the image.”

“Enjoyable because you get to
position the patient and use x-
ray tube.”

Comparable to
clinical practice

6 “Feeling like I was actually out on
placement in a hospital/clinic
environment.”

5 “Getting to experience what it
would be like in real life.”

“the experience of using VR for
the first time and being able to
see what it would be like in a real
hospital environment.”

“Good practice for clinical
placement in a hospital setting
when we have to go to the
patient.”
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perceived improvement of clinical positioning and radiography
skills was 71% for the CETSOL VR group compared to 47% for the
other software group, where c2 (4, n ¼ 92) ¼ 9.5, p-value ¼ <0.001.
This finding demonstrated that students who utilised the immer-
sive software perceived themselves to have better radiographic
positioning and technique than for the non-immersive software.14

In this study, the same questionnaire format and positioning
task utilised in our previous study14 was used on a later student
cohort (2017) in order to compare student perceptions on the use of
the CETSOL VR Clinic as opposed to conventional clinical role-play.
The assessment was limited to the preparation of novice radiog-
raphy students trained to complete simple PA hand-positioning
tasks. The mean agreement scores for this study were 74.8% for
the CETSOL VR Clinic and 83.8% for the role-play group. Although
these results are comparable to our previous study,14 the combined
mean scores of this study for the two groups did not indicate an
overall statistically significant difference, in perceived educational
effectiveness in the enhancement of positioning skills. It is worth
noting that for the question “The simulation activity develops prac-
tical skills in Basic Projections (PA and Lateral)”, students in the role-
play group did rate their perceived performance as significantly
higher. This result is despite the fact that in a positioning analyses
study,15 the VR group from the same student cohort were shown to
yield a statistically significant improvement in the quantitative
performance in completing the subsequent real-world radio-
graphic hand examination under test conditions.15 Therefore, stu-
dents’ perceptions were shown to not necessarily be indicative of
their real-world performance.

The thematic analyses results from students using the VR SLE
can be said to have some similarities to the studies by Bridge et al
(2014),10 Shanahan (2016)2 and Lilly et al (2018).13 Most notably, the
need for communication with the patient and a lack of interper-
sonal interactionwere idtenfied as primary limiting factors of SLE's.
In our study students were able to communicate with the patient
avatar using the inbuilt speech engine and communication sce-
narios, however, this was limited to focus on the positioning aspect
of the study. Ongoing future studies will assess the outcomes of VR
communication training. One other prevailing issue expressed by
students in both our earlier study14 and this work was that of
calibration difficulties. The Oculus Rift VR system used with the
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CETSOL VR Clinic requires the infrared sensors to be calibrated for
the interaction space and users height, unfortunately, the lab space
was also utilised by other students and the sensors were sometimes
moved between sessions, resulting in decreased tracking accuracy
and a need for students to recalibrate the system. Fortunately, ad-
vances in VR technology which now include the Oculus Quest in-
side out tracking system eliminate the need for sensors at all, this
may significantly decrease calibration issues in future studies.

Benefit of truly immersive VR

Contrary to other studies which have reported students have
preferred 2D in favour of 3D simulation,10 the software logs showed
that given the choice (80%) of students in the VR group over-
whelmingly chose to log in using VR version of the software which
utilised the Oculus Rift™ and Leap Motion™ controller. We also
had no reports of students experiencing headaches or feeling dizzy,
which have been associated with previous generation VR 3D
simulation environments using 3D shutter glasses.10,17

Study limitations

This study only focused on student perceptions relating to hand
positioning, future studies should compare a wider range of role-
play scenarios. Furthermore, this study only observed first year
students and student perspective may vary with experience and
should be analysed in future studies.

Conclusion

In this study, student perception scores of the effectiveness of
their prescribed SLE at developing patient hand positioning skills
for radiographic examination were not significantly different for
the two modes. This outcome was despite the previously reported
significant difference in quantitative hand-positioning perfor-
mance that followed from the use of the VR simulation relative to
clinical role-play. There was a strong similarity in common themes
expressed by students, however, a key point of difference identified
was the benefit of repetition afforded by the VR simulation, in
contrast to the need for more time using traditional role-play in a
constrained laboratory setting.
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