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Abstract A software-based environment was developed to
provide practical training in medical radiation principles and
safety. The Virtual Radiation Laboratory application al-
lowed students to conduct virtual experiments using
simulated diagnostic and radiotherapy X-ray generators. The
experiments were designed to teach students about the in-
verse square law, half value layer and radiation protection
measures and utilised genuine clinical and experimental
data. Evaluation of the application was conducted in order to
ascertain the impact of the software on students’ under-
standing, satisfaction and collaborative learning skills and
also to determine potential further improvements to the
software and guidelines for its continued use. Feedback was
gathered via an anonymous online survey consisting of a
mixture of Likert-style questions and short answer open
questions. Student feedback was highly positive with 80 %
of students reporting increased understanding of radiation
protection principles. Furthermore 72 % enjoyed using the
software and 87 % of students felt that the project facilitated
collaboration within small groups. The main themes arising
in the qualitative feedback comments related to efficiency
and effectiveness of teaching, safety of environment, col-
laboration and realism. Staff and students both report gains in
efficiency and effectiveness associated with the virtual ex-
periments. In addition students particularly value the visu-
alisation of “invisible” physical principles and increased
opportunity for experimentation and collaborative problem-

< Pete Bridge
peter.bridge @connect.qut.edu.au

School of Clinical Sciences, Queensland University of
Technology, George Street, Brisbane, Australia
End to End Visuals, Brisbane, Australia

Princess Alexandra Hospital, Woolloongabba, Australia

based learning. Similar ventures will benefit from adopting
an approach that allows for individual experimentation while
visualizing challenging concepts.
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Introduction

As an essential component of their training, Medical Ra-
diation Science students undertake study of Radiation Safety
and Radiation Protection to engender an understanding and
respect for radiation safety. Essential physical principles
within this topic include the Inverse Square Law, Half-Value
Thickness and X-ray scatter processes. Traditionally teach-
ing of these principles is augmented with experimental ses-
sions on real X-ray machines or radioactive sources to
reinforce the practical application of the theory. Unfortu-
nately increasing pressure on resource-intensive radiation
facilities frequently restricts access. Virtual Reality software
simulation has been used successfully in a range of profes-
sions to provide a cost-effective and safe learning environ-
ment in which students can practice essential and
challenging skills [1-4]. In this work a software-based en-
vironment was developed, which is capable of providing
practical training in medical radiation principles and safety.
The Virtual Radiation Laboratory (VRL) application was
developed to provide students with the opportunity to con-
duct virtual experiments using simulated diagnostic and ra-
diotherapy X-ray generators. The experiments aimed to
provide students with understanding of the radiation safety
aspects of their work as well as opportunities to develop their
collaborative working skills and better prepare them for
clinical practice.
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Methods

The Quest 3D (Act-3D, B.V) real-time 3D graphics engine
was used to create a series of interactive simulated environ-
ments including radiation laboratory benches, kilovoltage
imaging room and linear accelerator bunker as seen in Figs. 1
and 2. Calculations for the inverse square law, half value
thickness and radiation scatter were derived from ex-
perimental data and implemented for each experiment with
output from user interaction calculated in real-time. The ex-
periments were designed to facilitate collaborative working in
small teams using collaborative learning spaces. Piloting with
volunteers from the previous cohort of students informed
software development. The main evaluation phase was con-
ducted after a full cohort of students (n = 126) had received
teaching using the new software and sought feedback con-
cerning the perceived value and limitations of the application.
The aims of this evaluation phase were to monitor the impact
of the software on students’ understanding, satisfaction and
collaborative learning skills and also to determine potential
further improvements to the software and guidelines for its
continued use. Ethical approval for the evaluation was pro-
vided by the University Research Ethics Committee as part of
a wider project into Course Improvement. Students were
asked to complete an anonymous online survey consisting of a
mixture of six Likert-style questions (seen in Table 1) and five
short answer open questions seeking thoughts on advantages,
disadvantages, potential improvements, use of the resource
and any additional comments. Students were required to
submit the survey as part of the Unit evaluation process,
although they were advised that question completion was
voluntary and all questions allowed for a “No Answer” re-
sponse. Anonymity was assured by the Virtual Learning En-
vironment survey tool.

Fig. 1 Screenshot of the
diagnostic virtual radiation
environment
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Statistical analysis

All 126 student responses were collated and independent
analysis of the qualitative data was performed by two re-
searchers to minimise the effect of bias. A mixture of de-
scriptive statistical tools (such as relative response rates
and summary tools) for the Likert responses and simple
thematic analysis (coding and grouping) techniques for the
open questions was utilised. Correlation analysis of the
quantitative data was performed using the Pearson product-
moment correlation coefficient.

Results

A total of 126 responses were provided by the student
cohort with a question answer rate of 99.3 % for the 6
Likert responses. The 5 open answer questions attracted a
lower response rate ranging from 40 to 55 %. Table 1
summarises the results of the Likert questions where 80 %
of students reported increased understanding of radiation
protection principles, 72 % enjoyed using the software and
87 % felt that the project had facilitated collaboration
within small groups. There were few disagreements with
the positive Likert stems. Most of the students identified
themselves as experienced computer users with only 6.5 %
self-assessing as inexperienced. Correlation analysis
demonstrated only weak or negligible correlation between
computer experience and enjoyment, ease of use and un-
derstanding (all r < 0.25). Only the enjoyment correlation
was statistically significant (p = 0.009). Themes arising
from the qualitative analysis of the open answer questions
triangulate well with the quantitative data with many stu-
dents providing comments about the ease and enjoyment of
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Fig. 2 Screenshot of the radiotherapy virtual radiation environment
Table 1 VRL Evaluation Results
Likert stem Percentage response
AS S N D DS NA

I consider myself to be experienced with computers/gaming 28 45 20.5 5.5 1 -
I enjoyed using the Virtual Radiation Lab (VRL) software 12 59.5 24 4.5 - -
I found the VRL easy to use 17.5 65 13 3 - 1.5
The VRL helped increase my understanding of radiation protection principles 15 65 14 5 1 -
The VRL was used to good effect in the workshop session 17.5 61 13.5 4.5 1 2.5
The VRL facilitated collaboration within small teams 31.5 55 12 1.5 - -
AS agree strongly, A agree, N neither, D disagree, DS disagree strongly, NA not answered
use, facilitation of understanding and improved collabora- N
R o . K 2 . umber of Responses
tion arising from the application. The main themes arising 16
in the qualitative feedback comments related to efficiency E
and effectiveness of teaching, safety of environment, col- 101
laboration and realism as seen in Figs. 3 and 4. Further 8l
analysis of these themes follows in the Discussion section. 6.
In terms of resource implications, the software enabled 4
large group teaching which reduced the number of group 2
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Most of the students identified themselves as experienced
with software which is unsurprising for the modern un-
dergraduate cohort [5]. The main themes arising in the

Fig. 3 Advantages of the VRL

qualitative feedback comments related to efficiency and
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" B Number of Responses effectiveness of teaching, safety of the environment, fa-
18 cilitation of collaborative learning and perceived realism.

Unrealistic

Fig. 4 Disadvantages of the VRL
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Further comments relating to best practice in use of the
resource and potential improvements to the resource also
form the basis for recommendations for future use. Rep-
resentative comments supporting the discussion themes are
presented in Table 2.

Efficiency
Software Lack of risk Simulated Less group
issues results work

When students were asked what were the potential benefits
arising from the VRL the most commonly arising responses

Table 2 Indicative comments supporting discussion themes

Feedback Indicative comments
theme
Efficiency “Saves time while maintaining similar learning outcomes as real lab practicals”

Cost effective

Enjoyment

Understanding

Interactivity

Collaboration

Safe
environment

Realism

“It’s easier to set up, no fussing around with real sources of radiation etc”

“You get results more efficiently, which means spending more time on why things happened and answering the questions
which is where you learn”

“Having students working via a computer program allows staff to move easily among the groups to help, and it is easier to
coordinate group activities amongst yourselves as we are not all spread out in labs”

“It’s probably faster and cheaper to run than being in a lab”
“Very fun to play with”
“I thoroughly enjoyed the learning experience and felt like it saved me lots of time”

“Loved the practical and helped me consolidate much of the theory. Made more sense looking at it virtually and loved how you
could experiment”

“It shows the pathway of X-ray beams, which help with the understanding of ways to promote radiation safety”
“Able to see what you normally can’t e.g. scatter radiation, so helps understanding”

“I found this lab helpful in understanding the concepts of Radiation Safety because the computer program used helped me to
visualise what we were studying”

“Computer program based workshop does not deliver same interactiveness”
“I don’t remember things that I do on a computer as much as I do with things that I do with my own hands”

“The greatest advantage of the virtual lab was that the workspace facilitated group work and strongly encouraged all group
members to participate and input their thoughts and ideas. In a real lab, the workspaces are generally designed for individual
work”

“You also won’t be exposed to any radiation using the VRL as opposed to actually being in the real practical labs”
“Not being exposed to the potential risks...and learning how to mitigate”

“I don’t get the feeling of a laboratory and so due to the simulation environment I may take the exercise less seriously”
“I thought it was just like the real thing”

“It allowed you to see the setting in which you will be working in in your future practice”

“I think the VRL system allows you to easily make the connection between radiation protection and safety and our potential
places of employment (i.e. our course of study). I sometimes find that real lab practicals are not as relevant to the actual job
we will undertake”

“Can’t simulate everything which occurs in reality”

“The VRL does not have the same atmosphere as a real lab which is a disadvantage”

“The disadvantages may be that you can’t experience what it’s really like to be in the real lab practicals. I think actually being

in the room yourself can make you learn more and engage in more of what you’re doing. Experiencing it in real life is what
counts and looking at the computer screen or pictures cannot do justice”
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related to better use of time. Students could perceive the
efficient nature of the software simulation in terms of the
University resources and staff time as well as their own
time. They also commented that the format allowed for
better access to teaching staff and was likely to be more
cost effective. From an academic perspective, as with other
published findings [2, 6], the simulation led to a more ef-
ficient use of resources and personnel arising from reduced
contact hours and use of collaborative learning spaces
rather than resource-intensive radiation laboratories. This
manifested itself in a reduced impact on specialist labora-
tory timetabling.

Effective teaching

While gains in efficiency are valuable at an institutional
level, these are of little value unless there is a positive
impact on teaching and learning. Student feedback was
highly positive in relation to the impact of the VRL on
understanding of the topic with 80 % of students reporting
that the project had increased their understanding of ra-
diation protection principles. Along with increased under-
standing, 72 % enjoyed using the software; a finding
common to many Virtual Reality applications [1, 7]. In
addition, however, qualitative analysis suggested students
particularly relished the increased opportunity for easy
experimentation.The visualization of “invisible” physical
principles was another significant benefit perceived by the
students and it was clear that this had led to increased
understanding in much of the cohort. Conversely some
students felt that the VRL provided a less engaging envi-
ronment citing the reduction in “hands-on” time as a
contributing factor. There is a real danger that under-
standing of processes is replaced with a series of button
clicks and such resources must be used in such a way as to
limit this. It is also important to remember that this con-
flicting data reinforces the acknowledged variety in learn-
ing styles within modern undergraduate cohorts [8] and
suggests that a mixed approach combining both virtual and
real learning environments is most likely to satisfy these
diverse needs.

Collaboration

A key finding from the evaluation was that 87 % of stu-
dents felt that the project facilitated collaboration within
small groups. Although the radiation laboratory format also
utilised a group format this was largely due to resource
availability rather than a pedagogical approach. The var-
ious group tasks and requirement for discussion on the
experimental findings along with the ability to experiment
with different settings naturally encouraged teamwork and
this was echoed in the qualitative comments. For this

cohort of students working towards multi-disciplinary
teamwork-orientated professions [9] this is a most en-
couraging finding.

Safe environment

There were many comments from students regarding the
enhanced facilitation of experimentation with students
enjoying learning from mistakes and trial and error in a
manner that would be discouraged in a radiation laboratory
with live sources or expensive equipment. The benefits of
the “safe” environment provided by simulation solutions
have long been acknowledged in the literature [3, 10],
although this is usually related to patient safety. In this
paper it was interesting to see how simulation could po-
tentially improve safety for learners too. Given the focus of
the academic unit, it was reassuring to see students ap-
preciating the potential dangers of radiation in their feed-
back (although it should be stated that students are not, in
fact, routinely exposed in the radiation laboratory). Despite
this, some students did cite the lack of risk as a potential
disadvantage of the application with a reduction in learning
about working safely with live sources. Clearly a balance
must be struck between the learning arising from poten-
tially dangerous situations and the benefits of an ex-
perimental problem-based learning approach.

Realism

The effectiveness of simulated teaching environments is
often linked with the immersion or the sense of realism
engendered [11]. Although this was a relatively low fidelity
simulation students appreciated the simulated clinical en-
vironments and several responses cited the realism and
close approximation to clinical practice as benefits of the
VRL. There were a large number of students, however, that
judged the simulation to be unrealistic, lacking the element
of danger or hands-on practice. There was a clear need for
students to experience the real clinical situation. This
echoes findings from other pre-clinical simulation studies
[7, 12] where the value of simulation in an academic en-
vironment lies in better preparing the students for real life
clinical experience. It is recommended that this is empha-
sised in the workshop’s introduction session.

Facilitation

Student feedback strongly suggested that, as with many
academic activities, successful learning depended to a great
extent on the attitude of their tutors. While there is little
that can be done about individual approaches to tutoring
results from this study suggest that there is value in al-
lowing multiple tutors to interact with the students in the
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collaborative learning space where they can each provide
their own insight and experience. Student comments also
suggested that introductory material provide a clearer
message about the aims and outcomes of the experiments.
Within the experiments themselves, however, there were
mixed messages about the levels of support required with
some students requesting further instruction and others
feeling “spoon-fed”. Again this mixture of expectations
reinforces the need for a mixed methods approach to pro-
vision of resources. When students were asked for sug-
gestions to improve use of the resource there were several
comments requesting additional individual access both on
and off campus to the application. This has the potential to
improve self-directed learning and encourage learner
autonomy.

Limitations

There are several limitations associated with this study. As
it was a developmental project there were still some soft-
ware bugs present during the evaluation phase. These in-
cluded some issues with time lag, a requirement for an
additional factor to be added and some user interface
confusion. Student comments from the evaluation are
currently informing ongoing improvement to the resource
as well as designing introductory and support materials. It
is likely, however, that the developmental nature of the
software could have led to perceived problems with realism
and ease of use. In terms of the evaluation it must be ac-
knowledged that in the absence of a control arm the student
evaluation is hard to compare directly with the “real” ra-
diation laboratory experiments. This can be ameliorated to
some extent within this cohort as they all undertook a
similar format of experiment in the previous semester. The
anonymous nature of the survey tool and the use of an
independent researcher should reduce interpretation bias
but it should be acknowledged that the software develop-
ment and evaluation was funded by a University Teaching
and Learning Grant aimed at improving the student learn-
ing experience.

Conclusion
This work has demonstrated the value of software

simulation for facilitating experimentation aiming to en-
hance understanding of radiation principles. Facilitation
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using a range of tutors can enhance the learning and where
possible unsupervised access can be provided for students
wishing to experiment further. Staff and students both re-
port gains in efficiency and effectiveness associated with
the virtual experiments. In addition students particularly
value the visualisation of “invisible” physical principles
and increased opportunity for experimentation and col-
laborative problem-based learning. Similar ventures will
benefit from adopting an approach that allows for indi-
vidual experimentation while visualizing challenging
concepts.
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