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ABSTRACT

Objectives: Radiology and medical imaging are important yet often an underrepresented facet of medical
education. Notably, there is concern among radiologists that students do not receive enough radiology exposure
and that they struggle to interpret image findings on entering residency. Therefore, this survey aims to identify
how medical students perceive the radiology curriculum and to determine gaps in delivery.
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Material and Methods: Students were recruited from United States (US) medical schools and given a 21-question
survey assessing their perception of the radiology curriculum as well as asking about their confidence levels
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regarding medical imaging. The inclusion criteria were age >18 and enrolled in US medical school. The surveys
were completed in April-July 2020 by students across the US. Objective parameters were measured as percentage
correct, while subjective parameters used a 4-point Likert scale.

Results: A total of 472 medical students across 31 medical schools completed the surveys with a response rate
of 69%. Responses represented all class years within medical schools and showed equal distribution among the
future career plans. Students responded that didactic lectures were the most common teaching method and
that radiologists were their primary teachers during preclinical education. Students were unfamiliar with the
American College of Radiology appropriateness criteria with 65% responding they had never heard of it and 33%
reporting that they have heard of it but never used it. In assessing students’ perceptions of radiology education,
72% of students responded that they received too little, and 28% of students responded, “Just right” <1% of
students responded that there was “Too much” radiology in their curriculum.

Conclusion: Radiologists are increasing their educational representation in medical school curricula. Despite
this, radiology continues to be under-represented with students desiring more exposure to medical imaging.
Integrating the students perceptions with existing curricula suggests that efforts should focus on increasing
awareness of which studies are appropriate and teaching students how to systematically interpret an image.
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INTRODUCTION

The medical school education system in the United States (US) traditionally has been split
into two parts: Preclinical years and clinical years.!! During the preclinical years, students are
expected to gather a basis for the foundational sciences while gaining a conceptual view of disease
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processes.?! During clinical years, students rotate through
specialties to further improve their skills and prepare to
select the specialty they want to pursue.!

Within many medical schools, courses are taught on a
systems-basis during preclinical education, and by core
clerkships during the clinical years. Imaging education is
incorporated into different disciplines, and a radiology
clerkship is not required by many medical schools. Thus, a
high variation in how medical students receive radiology
education is present.”

Over the years, several methods of teaching medical imaging
and the concepts of radiology have been implemented.
These strategies have included various efforts such as
incorporating imaging into anatomy lectures, requiring a
radiology clerkship, as well as teaching imaging during non-
radiology clinical clerkships.”” These methods have been
implemented to varying degrees of success.”! One pertinent
challenge is the lack of consensus as to the best methodology
to teach radiology. Subsequently, there has been no uniform
method to teach medical imaging with concepts being taught
frequently by non-radiologists. Moreover, there is a disparity
in which concepts are given emphasis. As a result, there is
concern that students are not being properly exposed to
radiology and that its education does not align with the rest
of the curriculum.”!

Interpretation of medical imaging is paramount to clinical
practice, even for non-radiologists."”! Through radiology
exposure and radiology education, students are better
prepared for entering their postgraduate training and
can derive more meaningful clinical information when
diagnosing patients. Particularly, there is a need for students
to be able to recognize emergent radiographic findings.!!!
On top of image interpretation, students need to understand
the steps necessary to order the correct imaging study for
the diagnostic question, they are hoping to answer as the
future clinicians. The American College of Radiology (ACR)
has created the ACR Appropriateness Criteria in which they
have compiled evidence, outcomes, and clinical perspectives
to create lists of the most appropriate imaging studies for
a given clinical presentation.? Implementation of these
criteria has not been without issues. Adoption of the ACR
appropriateness criteria has been slow in clinical practice.!”
Moreover, students are seldom educated about proper usage
given its low usage in clinical medicine.

The ACR has developed educational goals to standardize
the way radiology is taught and ensure that students are
able to adequately be exposed to the field. Some of the key
recommendations are having imaging taught by radiologists,
having students interact with radiologists during their
clinical rounds, and teaching students about the ACR
appropriateness criteria to help them order the proper
studies.
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With the wide variation in how medical students are
taught radiology, it is important to understand students’
perspectives on how they are taught medical imaging. In this
study, the authors assess US medical students’ opinions on
their radiology curricula and their impact on their education.

MATERIAL AND METHODS

This is a multicenter and institutional review board-approved
survey where we assessed medical students across five broad
categories: (1) Demographic information; (2) preclinical
radiology teaching methods; (3) clinical radiology teaching
methods; (4) ACR appropriateness criteria exposure; and
(5) confidence in image evaluation. We designed the online
questionnaire using SurveyMonkey (SurveyMonkey Inc.,
San Mateo, CA, USA). Survey questions were derived from
similar questionnaires in the literature.'*!*) The questions
were reviewed by radiologists and educational specialists for
clarity and to remove bias.

Distribution of the survey was achieved by recruiting student
ambassadors through radiology interest group emails. The
ambassadors were then asked to forward the invitation to
their classmates and have them complete the questionnaire.
We obtained informed consent electronically at the start of
the online survey. The current enrollment in a US medical
school was the only requirement to complete the survey.
Descriptive statistical analyses were conducted through
SurveyMonkey (SurveyMonkey Inc., San Mateo, CA,
USA). Likert scale responses were weighted by assigning a
numeric value (1=Not Important, 2=Somewhat Important,
3=Moderately Important, and 4=Very Important). The mean
and standard deviation were calculated for these responses.

RESULTS

Between April 2020 and July 2020, the survey was sent to
686 students with a total of 472 responses from 31 medical
schools in the US for a response rate of 68.8%. Two hundred
and seventeen (46%) of respondents were male, 246 (52%)
were female with 9 (2%) preferring not to answer. Responses
represented students from all regions (North-east, South-
east, Midwest, South-west, West coast), all class years within
medical schools, and showed equal distribution among the
future career plans [Table 1]. When asked about the amount
of radiology experience in medical school, 72% of students
responded that they received “Too Little” and 28% of students
responded, “Just right” <1% of students responded that there
was “Too much” radiology in their curriculum.

Radiology teaching in preclinical years

Nearly all students responded that their preclinical examinations
included radiology imaging (96%). Furthermore, the majority
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Table 1: Demographic responses.
Frequency (1) Percentage
Gender
Male 217 46.0
Female 246 52.1
Prefer Not to Answer 9 1.9
Class Year
1*-year student 179 37.9
2m-year student 118 25.0
3-year student 128 27.1
4™-year student 47 10.0
Future Career Plans
Clinician in Medical Field 213 45.1
Clinician in Surgical Field 99 21.0
Radiology 71 15.0
Undecided 89 18.9

of students (67%) responded that imaging was primarily taught
by radiologists. The most encountered teaching methods
for radiology were didactic lectures (86%), and self-guided
learning (61%). Less than half (38%) responded that their
schools provided students with resources to go through medical
imaging on their own outside of the classroom. Students were
taught a varying degree of modalities. X-ray, ultrasound,
computed tomography, and magnetic resonance imaging were
taught the most frequently with less representation for positron
emission tomography and fluoroscopy [Figure 1]. Only 21.4%
of respondents reported that they received formal training
in radiation safety. Despite this, 43.4% of students correctly
answered a question asking how much background radiation
an X-ray exposes a patient to.

Radiology teaching during clinical years

For students who have had clinical experience, 22% of
students encountered medical imaging on rounds while
discussing with a radiologist, 91% on rounds while discussing
with a non-radiologist doctor, 84% discussing with a resident,
and 9% of students reporting they did not encounter medical
images. During clinical rounds, 2% of students responded
that they interacted with radiologists daily, 3% of students
interacted a few times a week, 22% responded they interacted
a few times a month, 45% interacted once or twice during
the year, and 27% responded that they never interacted with
radiologists.

ACR appropriateness exposure

When students were asked about whether they were familiar
with the ACR appropriateness criteria, 65% of all respondents
had never heard of it, 18% had heard of it but are not familiar,
13% were somewhat familiar, and 4% were very familiar.
For third and 4™ year students, 48% had never heard of it,

X-ray | 96.0% (N=453)
Ultrasound IS 66.7 % (N=315)
CT I, 56.1% (N=265)
MRI 50.4% (N=238)
PET i 157% (N=74)
Fluoroscopy NN 12.7% (N=101)
Radiation Safety I—_——— 21.4% (N=101)
Imaging Algorithms mm 12.1% (N=57)
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Figure 1: Student’s exposure to imaging modalities.

23% had heard of it but are not familiar, 25% were somewhat
familiar, and 4% were very familiar. Students who indicated
that they have entered clinical training were asked how often
they used the ACR Appropriateness Criteria. The majority
(81%) had never used it, 14% have used it a few times in a
year, 2% have used it a few times in a month, and 2% used it a
few times each week.

Image interpretation importance and confidence

Students were asked to rate how important they thought it
was for interns to interpret varying imaging studies. Most
students responded that chest radiographs were important
to interpret (98%) while only 92% of students felt computer
tomography scans of the head were important [Table 2].
Students reported varying confidence levels in reading
several common radiological findings, such as pneumothorax
and pleural effusion, on a radiograph. First- and 2"-year
students responded mostly that they did not have confidence
in interpretation. Conversely, 3"-and 4%-year students
demonstrated greater confidence in interpretation but still
noted that many did not yet develop confidence [Figure 2].

DISCUSSION

The primary goal of this study was to identify how radiology
is being taught, and the perspectives of students toward the
curriculum. The previous studies have found a need for
radiologists to be further involved in teaching radiology
and imaging to medical students.***! Our results show
that radiologists have developed a greater role within the
preclinical curriculum with 67% of students reporting that
radiologists taught their imaging and nearly all students
responding that they were tested on diagnostic imaging.

When previously surveyed, students and clinicians alike
wished that radiology education focused on distinguishing
normal from abnormal and developing methods to
systematically review a scan.*'®7l Moreover, residents
noted that they wished they had more confidence in their
interpretations."® The results demonstrate that students
are getting exposed to images and that as time progresses
their confidence grows. However, only about half of 3%- and
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Table 2: Image interpretation importance.

Not very Important  4-point
important (%) (%) Likert
Bone radiographic 7.1 92.9 3.6
Chest radiographic 3.0 97.0 3.81
Head CT 7.7 92.3 3.64
Abdomincal 5.2 94.8 3.65
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Figure 2: Student’s responses to image interpretation on a 4-point
Likert scale.

4™-year students responded that they were “moderately
confident” or “very confident” in their image interpretation,
suggesting a further increased need to expose students to
diagnostic imaging.

The previous literature has identified a gap in students
knowledge of the ACR appropriateness criteria.'”! Our
results corroborated this with 65% of students not knowing
about it and an additional 18% who knew but were
unfamiliar. Proper imaging studies are of increasing concern
as health care aims to reduce expenditures.” Knowledge of
ACR appropriateness criteria can help guide clinicians and
trainees alike about proper imaging modalities.

Our data also highlighted the importance of radiologist
interaction with students during their clinical years. While
improvements have been made in the preclinical curriculum
with radiologists teaching images and being incorporated
into exams, there is progress to go with the majority of
students having no interactions with radiologists on rounds
and not being familiar with the ACR appropriateness
criteria.

Including radiology in school’s medical curriculum poses
a unique challenge. Imaging compliments many aspects of
practice and is often implemented as a supplement to the
main teaching concepts. As many medical schools currently
teach by organ systems, this allows different specialties to
give students the breadth of their practice while radiology
does not have this advantage. Previously, students have
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said that they wish radiology was better represented within
their curricula.®?? Qur findings corroborated this with
students wishing for more radiology education. This poses
a challenge for radiologists as a main issue facing education
is a lack of time allotted to imaging.”® Of note, radiology
educators need to consider how radiology is being taught
in both preclinical as well as clinical years. Preclinical
students learn image interpretation in more formal settings,
often beginning with normal anatomy. Conversely, clinical
clerkship students interact with images informally during
patient care and as such are exposed to more pathologic
findings. This, in part, may explain the increased confidence,
students have in their image interpretation skills once they
have clinical experience.

As it stands, radiology education is still primarily taught
with traditional didactic lectures before students move
to the clinical stages of their training and view patient’s
images. While didactic lectures have been historically used,
innovative teaching methods should be emphasized to
the radiology educator.?” Engaging students using active
learning styles such as flipped classrooms, interactive case
discussions, and application exercises may improve students’
skills and confidence in image interpretation, regardless of
their future career paths.

There are a few limitations to our study. The student
ambassadors used to distribute surveys were recruited from
radiology interest groups. As a result, the students sampled
may view radiology more favorably, and there was over-
representation of students who were interested in radiology
as a career. Despite this, most respondents were not interested
in radiology and had interest in diverse career paths. Another
limitation is that this study surveyed only US allopathic (MD)
schools and not osteopathic (DO) schools, which limits the
generalizability of these results to all students in the US.

CONCLUSION

Image interpretation is an important yet often under-taught
subject within medical school curricula. From students’
perspectives, it is clear that radiologists are continuing
to increase their educational representation, yet many
shortcomings still exist. Particularly, radiologists need to
further help students develop methods to interpret studies
and locate abnormalities. The future studies should focus on
how innovative educational strategies can be implemented
into existing curricula to target these weak points to
improve student understanding as well as assessing clinician
knowledge of the ACR appropriateness criteria.
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