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imulation-based learning (SBL) is a pedagogical

strategy that aims to enhance education out-

comes for students by replicating real experi-

ences to develop clinical skills in a risk-free
learning environment."” In addition, simulation has
been perceived as a student-centric and positive teach-
ing tool by students.** Examples of simulation tech-
niques in health care education include role-playing,”"
simulated patients,” scenario-based questions," mani-
kin simulators,'""*" virtual reality simulators,"*'*"* and
advanced computer applications.*'***"* The degree to
which a simulation exercise replicates a real event and
the value provided to the stakeholder can be catego-
rized by their fidelity. Although all simulations aim to
support conceptual learning, high-fidelity simulations
best represent realistic environments whereas low-
fidelity simulations tend to be less realistic and often
have few or no technological features.”

Like other allied health professions, medical imaging
and radiation therapy can benefit from SBL because of
relatively high error rates related to physician ordering,
interpretation, and image acquisition.* Although clini-
cal practice guidelines attempt to reduce such issues,
errors related to patient identification, wrong site,
wrong procedure, patient positioning, and improper
technique persist in clinical imaging.” Aligning with
the need to prevent negative technical outcomes and
to incorporate patient safety goals into undergraduate
allied health education,” SBL environments provide
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resources for students to develop clinical skill sets
aimed at reducing imaging errors, enhance operational
efficiency, and improve patient safety. In addition,
incorporating simulation strategies into didactic
instruction has been shown to improve students’
abilities to explain, prepare, and perform prescribed
procedures,""* helping students gain confidence in a
clinical setting. In conjunction with traditional under-
graduate radiologic sciences curricula, the integration
of SBL strategies might assist in developing clinically
competent and confident entry-level technologists® in a
controlled and risk-free environment.*

Exploring the various uses of simulation in radio-
logic sciences education provides value to educators,
students, and clinical education sites by identifying
which adjunct strategies are better or worse suited to
prepare students. In addition to assisting students in
developing clinical competencies required to reduce
diagnostic imaging errors, patients’ quality of care,
safety, accessibility, and overall imaging experience
might be improved.

The literature includes randomized controlled trials,
experimental studies, and qualitative research that aim
to understand the efficacy of simulation as a pedagogy
in health care education. This collection of work exam-
ined undergraduate, postgraduate, and professional
development programs and originated from countries
throughout the world. However, no published system-
atic reviews focused on the effect of SBL strategies on
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undergraduate radiologic science students’ clinical
competency and confidence. This gap in literature is
the motivation and focus of this literature review. The
population, intervention, comparison, objective, and
time (PICOT) elements were defined to identify the
reported use of SBL strategies in undergraduate radio-
logic science education throughout the world and their
effect on student confidence and clinical competency
between 2011 and 2021:
® population — undergraduate radiologic science
students in the disciplines and specialties of
radiography, computed tomography (CT),
magnetic resonance imaging, nuclear medicine,
mammography, sonography, or radiation therapy
® intervention — the use of an SBL strategy in
clinical education
® comparison - clinical education involving
patients using conventional medical imaging
equipment when available
® objective — to examine the use of SBL strategies
and their effect on students’ clinical competency
and confidence
® time - literature published between 2011
and 2021

Literature Search Strategy and Eligibility
Criteria

A search of 8 synthesized databases (PubMed,
Educational Resources Information Center [ERIC],

Ovid Medline, Cumulative Index to Nursing and Allied

Health Literature [CINAHL], Scopus, Cochrane
Library, Web of Science, and Google Scholar) resulted
in 4405 possible sources. Duplicate removal resulted
in 2651 articles for screening. The Figure presents
the progression from the initial body of literature to
the final 34 articles in the framework of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 flow diagram.* The
medical subject heading search terms were simulation,
undergraduate education, education, radiologic science,
radiography, xray, x-ray, computed tomography, CT,
magnetic resonance imaging, MRI, nuclear medicine,
nuclear cardiology, positron emission tomography, PET,
PET/CT, mammography, sonography, ultrasound,
radiation therapy, and radiation simulation.
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Figure. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 flow diagram. Image courtesy
of the authors.

Publications were limited to full-text peer-reviewed
articles written in or translated into English between
2011 and 2021 worldwide and included randomized
controlled trials, randomized parallel-group trials,
quasi experimental, qualitative, controlled, crossover,
action research, and mixed-methods experimental

designs. Participants in SBL studies know whether they

are receiving the simulation intervention; therefore,
blinding was not a requirement for literature inclusion.
Screening criteria required the study population to
include undergraduate students in at least 1 discipline
of radiologic science education and contain instructor-
administered competency assessment or qualitative
student feedback on their change in confidence level
before and after intervention. Assessment of the 2651
articles for study inclusion was performed indepen-
dently by 2 team members. Included studies were
assessed for bias via the revised Cochrane risk-of-bias
tool for randomized trials* or the Risk Of Bias In Non-
Randomised Studies — of Interventions (ROBINS-I)

asrt.org/publications



assessment tool.” Discrepancies in study inclusion and
exclusion were resolved with a consensus agreement.

Analysis of Selected Literature

Thirty-four articles were selected for inclusion to
exemplify the effect of a simulation strategy on student
clinical competency and confidence levels. All included
studies were found to exhibit some level of bias relating
to lack of subject and assessor blinding by study design.

Types of Simulation and Utilization Trends
Role-play was the most prevalent simulation method
(n = 16), which was an expected finding because it can
be implemented in some capacity throughout all disci-
plines and specialties in radiologic science education.
The use of role-play ranged from low-fidelity scenarios
involving workshops™* or students acting as patients
to high-fidelity operating theaters.***' On the higher end
of the fidelity spectrum, virtual reality simulators and
virtual environments provided students with a unique
immersive opportunity by offering a 3-D experience
of a conceptual model designed to improve knowledge
and gain clinical experience without risk to patients.”
Findings from the literature identified the reporting
of simulation strategies in undergraduate radiologic
sciences education among 12 countries, including
Australia, Canada, China, Ireland, New Zealand,
Norway, Portugal, Singapore, Sweden, United Arab
Emirates, United Kingdom, and United States. When
considering simulation content by origin, Australia
reported the most frequent publication of simula-
tion efforts in CT, radiation therapy, radiography, and
sonography, with a total of 15 studies. The second most
active country in reporting simulation strategies was
the United Kingdom with 7 studies in the fields of radi-
ation therapy, radiography, and sonography. Regardless
of country of origin, the field of radiography yielded the
most reporting (n = 17) followed by radiation therapy
(n=10) and CT (n = 4).

Simulation’s Effect on Student Clinical Performance
or Perceived Confidence

Most studies that reported the effect of simulation
on clinical competency were focused on radiography
(n = 7), radiation therapy (n = 4),and CT (n = 2),
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with role-play and virtual reality simulators exhibiting
the most use. Improvements in the clinical performance
domain were measured by observer assessment or
competency testing, whereas change in confidence was
self-reported by students. Although an increase in stu-
dent confidence is of potential value to the student, the
weight of this observation is subjective and therefore
less reliable. In addition, confidence does not always
equate to knowledge or competency.

When considering the range of studies evaluating
the effect of simulation on student confidence, radia-
tion therapy (n = 6) exhibited the highest frequency
followed by radiography (n = 2) and CT (n = 2),
with role-play (n = 5) and Virtual Environment
Radiotherapy Training (VERT [Vertual]) system
(n = 4) as the most used strategies.

Role-play and virtual reality simulators produced
arange of effects on student clinical competence,
with the most improvement in a radiography applica-
tion."””****** Conversely, CT"” and radiation therapy
virtual reality simulators**” efforts reported equivalent
assessment scores between simulation and control
(conventional clinical education) groups. Other find-
ings included improved student attitudes toward a
specific patient population when exploring role-play in
radiography*** and students identifying VERT simula-
tion as an effective method of enhancing their technical
radiation therapy skill sets.”

Perceived confidence in various aspects of perfor-
mance, such as communication, collaboration skills,
patient care, and technical competency, were reported
as improved with VERT,”** role-play,"*** and a
medium-fidelity operator’s console.* Conversely, similar
improvements in confidence between simulated and
nonsimulated techniques were reported with VERT,***!
virtual reality CT simulation," and role-play.*

Themes Among Simulation Strategies

Role-play, virtual reality, and a medium-fidelity
simulator garnered positive feedback on students’
ability to explain, prepare for, and perform studies."
Improvements in technical skills, communication
skills,” knowledge,** and understanding of theoreti-
cal or clinical concepts* also were related to these SBL
strategies. In addition to student engagement'* and
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recognition of teaching value,*** simulation exercises
were reported to benefit students by creating a safe,
collaborative, and realistic learning environment that
enhanced the efficacy of the education experience.”*

Although previous use of computers would appear
to be a logical influence on computer-based simulation
exercises, Bridge et al found weak or no correlation
between previous computer experience and enjoyment,
ease of use, and understanding of the simulation expe-
rience.” Similar results were identified with previous
exposure to gaming.”

Although Stowe et al* found no correlation with
length of time in an education program and improve-
ment in academic performance after virtual reality CT
simulation, Gunn et al, Ketterer et al, and Bowman et
al identified simulation-related improvements asso-
ciated with early or preclinical student status."*****
Furthermore, student acknowledgment of perceived
value of the simulation intervention was reported™
in addition to improvement in clinical** and commu-
nication* skills in a preclinical setting. Conversely, a
contrast of opinion was identified among students with
previous clinical experience,'"** which highlights the
effect and importance of early simulation interventions
in a student population.

Negative Attributes of Simulation Experiences

Specific themes that degraded the user experience
included software deficiencies,"** technical chal-
lenges,*"* or lack of adequate guidance on simulation
functionality.” Green and Appleyard reported that
4 out of 44 students experienced nausea and dizziness,™
and Bridge et al reported headaches in 2 students,™
exemplifying the possibility of physical adverse effects
from virtual reality simulators. Although not nega-
tive, equivocal perceived value of conventional clinical
exposure compared with simulation* and ambivalence
regarding ease of use* were reported.

Simulation experiences were deemed more valuable
when tutors or clinical professionals were available for
immediate feedback.”**** Although virtual reality
experiences provided value by depicting anatomy and
theoretical concepts,” lack of feedback to the untrained
student was reported as detrimental to the simulation
experience.”** Technical difficulties and the inability
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to experience hands-on scanning with actual patients™
were noted as additional detriments.

Key Findings

Several interesting findings related to SBL were dis-
covered in undergraduate radiologic science education.
Some findings were more informational in nature, while
others are potentially actionable by radiologic science
educators to enhance their use of SBL and concomitant
student learning outcomes.

An informational finding was the discovery of a wide
disparity in SBL use by country. Many countries were
not identified as SBL users; other countries reported
SBL use that varied substantially and did not always
correspond to economic attributes such as gross domes-
tic product. For example, although Australia’s gross
domestic product is considerably less than many other
developed countries, it had a comparatively greater pub-
lished use of SBL in radiologic science education. This
finding likely is related to the rapid expansion of simula-
tion equipment and instruction through government
investments such as Australia’s Quality Framework
for Simulation Programs in Australian Health Care
Settings, also called the QualSim Framework.” These
focused investments have created a large simulation
community in Australia with an ever-increasing appe-
tite for support to create and deliver the highest quality
programs possible. Hence, although many countries
with higher gross domestic products, such as the United
States, Canada, and United Kingdom report heavy
investments in health care SBL, the investments in
Australia might produce more clinical and scholarly
outcomes because they are better structured and have
features that could be emulated by other countries.

As for findings that might be more relevant and
potentially actionable by radiologic science educa-
tors, this project explored the effect that SBL can have
on student learning outcomes. This review identi-
fied several studies that noted the positive effect
SBL can have on clinical competency after interven-
tion,*'#!123333845505 Gome of the articles included in this
review proposed that because of the ability to explore
positioning and exposure techniques, radiographic
simulation in high-fidelity phantom and virtual reality
formats is particularly beneficial to clinical progression
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because of the ability to quickly repeat imaging and
review outcomes. With these applications, students
can repeat image exposure, making it possible to itera-
tively develop their clinical skill sets without harming
patients. In addition, this type of simulation can inten-
tionally exemplify pitfalls of poor imaging techniques
without putting patients at risk.

On the lower end of the fidelity spectrum, role-play
was identified as a valuable learning experience when
considering the patient experience.**** This was attrib-
uted to its ability to help students recognize aspects
of their roles, interactions, and clinical challenges®*’
through reflection.* Furthermore, lower-fidelity
role-play simulations require fewer resources and are
more readily available than are many other forms of
simulation, potentially further explaining their relative
popularity. No single simulation strategy was identified
as addressing all aspects of clinical care. Therefore, a
blend of low- and high-fidelity simulations should be
considered by radiologic science educators and trainers
as a holistic approach to developing clinical compe-
tencies ranging from interpersonal skills to technical
performance.

Findings suggested potential benefits to undergradu-
ate students, educators, and clinical education sites,
though not to a specific form of simulation. Because of
the range of SBL strategies, students were able to reduce
the amount of education-related exposure to ionizing
radiation,"” mentally process complex scenarios in prep-
aration for future clinical experience,** and improve
their clinical competencies.**"******** In addition,

SBL strategies increased the number of experiences

for developing image interpretation skills.* Clinical
educators experienced a reduction in the amount of
required tutoring or observation for students to achieve
clinical competency" and were able to identify aspects
of clinical care that required improvement.* Lastly,
some clinical education sites had less need for patient-
dependent instruction,* which reduced the demand
on critical diagnostic imaging equipment needed for
patient care.”

One factor radiologic science educators should
consider is the timing for introducing SBL in the cur-
riculum. Early or preclinical simulation exposure was
shown to have a role in the transfer of proficiency-based
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skills******** and confidence levels of students,"** subse-

quently improving competency, reducing the teaching
burden on clinical staff, and increasing patient safety.*
However, although the value of VERT as a teaching
tool has been well established,** Leong et al proposed
the benefit of establishing a conceptual framework via

a traditional treatment planning system followed by
VERT exposure based on student and teacher feed-
back." Therefore, radiologic science educators who
choose to combine traditional education and simulation
exercises in a preclinical setting should consider the
order in which instruction methods are implemented to
maximize the education and performance effect.

Introducing SBL strategies can provide compound-
ing effects that bolster student performance outcomes,
as was exhibited by the collateral reporting of improve-
ments in clinical competency and confidence in the
same studies."***** The improvements in student
confidence throughout a range of simulation fidelity
provided value for students as a result of their improved
communication and collaboration skills,***’ patient
care skills,* and technical skills.** Instructor feed-
back,” exposure to new techniques or protocols,**” and
exposure to uncomfortable scenarios" were noted as
contributing factors that improved student confidence.
Therefore, educators should be mindful to consider
these pointsto develop students’ confidence and help
avoid producing anxiety in students, which can affect
their learning negatively.*

Likewise, when radiologic science educators are
considering the implementation of a new simulation
strategy, including a feedback mechanism that provides
students with validation or direction for improvement
is important. Outside of technical skill development,
professional feedback can enhance nontechnical
competencies of radiologic science students such as
communication.** Failure to provide direction and
feedback during a simulation can result in participants
having a negative view of the experience, which might
hinder skill development and foster a reluctance to
actively participate in future sessions.”***

Despite the usefulness in augmenting more tradi-
tional education strategies, disadvantages to simulation
in radiologic science education were found. One draw-
back is that simulations can be resource intensive,
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making it difficult for some education programs to
acquire, integrate, and use them in a meaningful way.
To help address this concern, radiologic science edu-
cation programs might elect to pursue grants or seek
strategic partnerships with organizations (eg, hospital
systems, other educational institutions) that possess
such resources. Another potential drawback is that
SBL could have the potential to induce false confi-
dence and perceived capabilities that could slow or
halt efforts to continue skill development.” Educators
should be aware of this challenge and include cross-
validation measures in their programs to verify clinical
competence in other elements of the curriculum.
Furthermore, undesirable attributes of the simulation
experience such as a lack of feedback,”***** software
deficiencies,'* or technical challenges®"* might act as
barriers to user acceptance and engagement and nega-
tively affect student confidence." Radiologic science
educators should remain mindful of these pitfalls and
adopt simulation-based exercises with robust feedback
features that are intuitive and relatively free of techno-
logical shortcomings.”

A few radiologic science disciplines did not report
use of simulation in undergraduate education. For
example, no manuscripts for nuclear medicine or
mammography were identified in this project. The
implications of the lack of findings in these disciplines
is not entirely clear but might be related to resource
limitations, comparatively smaller undergraduate class
sizes, or specialized education that is limited in an
undergraduate setting. In addition, these disciplines
might use simulations but do not perform such activi-
ties in the context of research or decline to convert the
results of SBL exercises into published scholarly work.

Limitations

Most of the studies included in this review were
quasi experimental designs that do not assign students
to a control group. Although this design method exem-
plifies the effect of an intervention, it fails to compare
simulation outcomes with those of traditional teaching
methods. Another limitation involved some risk of bias
in all included publications, which was again related
to study designs. The predominant lack of blinding of
students in all studies, though unavoidable, introduces
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opportunities for bias in reporting improvements in
clinical skills and confidence. This lack of conformity
illuminates the need for more blinded assessment in
the form of randomized controlled trials; it also pro-
vided some of the motivation for this project and was a
notable finding.

Lastly, a single study reported on the effect of simu-
lation at later time points,™ highlighting the need for
future research exploring the effects of simulation exer-
cises on sustained actual and perceived performance for
an extended period.

Conclusion

For stakeholders connected with undergraduate
radiologic science programs, there are potential values
of and concerns with SBL. Although there was not
uniform employment of simulation strategies among
the disciplines and specialties in radiologic science
education, themes related to user engagement, time
of simulation introduction in the curriculum, effi-
cacy compared with traditional teaching methods,
and pitfalls of implementation did become apparent.
The ability to experience and repeat a range of clini-
cal scenarios provides opportunities for reflection and
interventional guidance that can assist students in the
transfer of theory to clinical skills. To get the most ben-
efit from SBL strategies, current and prospective users
should evaluate and use SBL with these points in mind.
Stakeholders also should keep abreast of new develop-
ments as the body of literature matures further in this
area to help ensure they reap maximum value from this
dynamic and potentially effective education strategy.
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