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Abstract

Purpose—Studies have shown significant gaps in knowledge of radiation therapy among medical 

students and primary care providers. The goal of this study was to evaluate the impact of an 

interactive contouring module on knowledge and interest in radiation oncology among pre-clinical 

medical students.

Methods and Materials—Second year medical students at *** were randomized to participate 

in an interactive contouring exercise or watch a traditional didactic lecture on radiation oncology. 

Participants completed knowledge tests and surveys at baseline, immediately following the 

exercise, and 3 months later. Statistical analysis included Wilcoxon signed-rank test for pre- and 

post-test comparisons and Wilcoxon rank sum test for comparison between groups.

Results—Forty-three medical students participated in the trial (21 in the didactic group and 22 in 

the contouring group). Students completing the contouring module demonstrated similar overall 

knowledge improvement compared to the traditional didactic group (+8.6% vs. +6.6%, NS) but 

endorsed greater engagement on a 5-point Likert-type scale (3.10 vs 3.76, p=0.02). At 3-month 

follow-up, there was a non-significant trend toward improved overall knowledge in the contouring 

group (43% vs. 51%, p=0.10), with a significance difference in a subset of questions on 

knowledge of the process of radiation therapy as well as side effects (51% vs. 75%, p=0.002). 

Students in the contouring group demonstrated more interest in pursuing a clinical radiation 

oncology rotation (2.52 vs 3.27, p=0.01).

Conclusions—Use of an interactive contouring module was an effective method to teach pre-

clinical medical students about radiation oncology, with no significant difference in knowledge 
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gained compared to a traditional didactic lecture. However, higher engagement among students 

completing the contouring module led to improved retention of knowledge of radiation side effects 

and greater interest in radiation oncology. These data suggest a potential benefit of integrating an 

interactive radiation oncology module into the pre-clinical medical school curriculum.

Introduction

More than half of all cancer patients will receive radiation therapy as part of their 

treatment(1), and there is an increasing number of patients that have received radiation 

among the 15.5 million cancer survivors in the United States today(2). Many types of 

physicians will help care for these patients as they live through cancer treatment and beyond, 

but recent studies indicate that physicians not specializing in radiation oncology have limited 

knowledge of radiation treatment and its sequelae(3,4). A survey of Canadian family 

practitioners showed that the majority of respondents endorsed feeling very little to 

somewhat knowledgeable about radiation side effects, which correlated with performance on 

a knowledge-based test(5). Furthermore, physicians with lower overall knowledge scores 

were less likely to refer patients for radiation oncology when indicated, thereby reducing 

patient access to multidisciplinary care which improves outcomes in many cancer types. A 

separate study showed that completion of a clinical rotation in radiation oncology improved 

knowledge of radiation among primary care providers(3). However, limited access to 

radiation oncology clinics has led many schools to offer a 1–2 hour lecture on radiation 

oncology, while others do not include it in the curriculum at all(6–8). While a radiation 

oncology-specific lecture can improve student knowledge(9), a survey of UK students found 

that lectures were often too focused on technical details (such as radiation physics) that are 

not as clinically relevant to non-radiation oncology practitioners(10).

In recent years, experiential and interactive learning methods, including simulation(11) and 

games(12), have been explored to better appeal to millennial learners(13). Many of these 

efforts involve e-learning, which offers increased accessibility and personalization of 

educational content(14). E-learning modules have been shown to have similar efficacy to 

traditional lectures(15), including within the field of oncology(16).

We hypothesized that an interactive contouring module would be an effective method to 

teach medical students about radiation oncology. Here, we present the results of a 

randomized trial of second year medical students in which an interactive case-based 

contouring module was compared to a traditional didactic lecture.

Methods and Materials

Recruitment

All rising second year medical students (MS2) for the 2016–2017 academic year at *** 

received an email invitation to participate in a study to test a new educational tool for 

radiation oncology. Forty-three students enrolled in this study (out of 124 students enrolled 

in medical school at that time) and scheduled a 1.5-hour appointment in a research lab to 

complete the study. Medical students were compensated with a $30 gift card upon study 

completion. The *** Institutional Review Board approved this study as exempt.
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Trial design and intervention

Students were randomized to watch a traditional didactic lecture (Didactic Group) or 

participate in an interactive contouring module (Contouring Group) as shown in Figure 1. 

Randomization was carried out in block format by date of initial study participation, and 

participants were not aware of their assignment until arriving to the research lab. Of note, all 

students then remained in the research lab for the duration of the exercise. Both the lecture 

and the module exposed participants to fundamentals of radiation therapy in addition to the 

role of radiation in the context of locally advanced cervical cancer. Both exercises were 

constructed and revised to address the same set of learning objectives for the exercise 

(Figure 2), which incorporated essential components or radiation oncology curriculum that 

had been previously identified(17). The Didactic Group watched a 40-minute lecture that 

was created to mimic the format and teaching style of a traditional lecture during the pre-

clinical medical school curriculum. The Contouring Group worked through a PowerPoint-

based module(18) describing the case of a 45-year-old woman with FIGO stage IIB cervical 

cancer. The interactive contouring module followed the patient from diagnosis (including 

history and physical exam, biopsy, and imaging) through treatment (including 

multidisciplinary tumor board and chemoradiation) and survivorship. Within the module, 

students were instructed to contour the case (including the cervical mass and uterus, bladder, 

and rectum) on a set of anonymized DICOMs (including a CT scan with fused PET and 

empty structure set for contours) that had been uploaded to the MIM treatment planning 

system (MIM Software Inc., Cleveland, OH). To assist with contouring, students were 

provided access to the cervical cancer teaching case in eContour, which is a free web-based 

interactive contouring resource available online(19). The eContour case gives students the 

ability to scroll through 3-dimensional cross-sectional imaging and review relevant anatomy 

as it relates to radiation-related side effects.

Knowledge and survey response analysis

Both groups completed a baseline pre-test assessing knowledge of radiation oncology 

fundamentals, including several questions previously published by Zaorsky et al(3), as well 

as a survey including confidence with patient experience of radiation and female pelvic 

radiographic anatomy. Both groups also completed a post-test, which included these 

questions in addition to identification of radiographic anatomy of the female pelvis in a 3-

dimensional viewer. To assess validity of the testing instruments in the planning phase, the 

test was taken by 4 radiation oncologists outside the research team, and one question that 

was answered incorrectly was discarded. Additional survey questions were included in the 

post-test to assess engagement, usefulness, and likelihood of pursuing a clinical radiation 

oncology rotation using Likert-type scales, as previously described(20). Both groups also 

indicated at this time which type of cancer (breast, prostate, or lung) they would be most 

interested in learning about in a similar exercise. A follow-up retention test and survey was 

completed three months after the exercise, which again included both radiographic 

identification of female pelvic anatomy as well as fundamentals of radiation oncology 

including side effects. At this time, all students reviewed the cervical cancer case in 

eContour(19). Since all students had at this point completed their second-year oncology 

block (which occurred between the initial post-test and retention test), the survey inquired 

about the components that were lacking in their school’s curriculum (based on learning 
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objectives specified for the exercise under study, see Figure 2), and the extent to which this 

exercise addressed each learning objective. Additional survey questions included the 

importance of accessing radiographic imaging in 3D for learning anatomy and the likelihood 

of using eContour cases during the clinical oncology block. (See Supplementary Materials 

for all knowledge tests and surveys).

Statistics

Statistical analysis for all knowledge test results and most survey answers included 

Wilcoxon signed-rank test for pre- and post-test comparisons and Wilcoxon rank sum test 

for comparison between groups with a significance level of α=0.05. For two survey 

questions regarding the student’s confidence that were repeated pre- and post-exercise 

(patient experience of radiation oncology and female pelvic anatomy), a difference-in-

difference technique was used. This involved determining the difference in confidence level 

on a Likert scale (where 1 = Not at all confident and 5=Extremely confident) for each 

student between the pre- and post-test, and comparing this difference between the 

Contouring Group and the Didactic Group. Difficulty and discrimination index for pre-test, 

post-test, and 3-month follow-up calculated as previously described(21).

For the sample size analysis we assumed the null hypothesis was no difference in overall 

knowledge between the Contouring Group and Didactic Group (control), and the alternate 

hypothesis was that the students in the Contouring Group would improve overall knowledge 

scores by 20% (from 70% to 90%, with predicted mean of 70% and SD of 20% at baseline) 

compared to the Didactic Group on the immediate post-test. Using a Wilcoxon rank sum 

test, a sample size of 32 would give an 80% power to detect a 20% improvement in overall 

knowledge for the Contouring Group (α=0.05). We sought to enroll 45–50 second year 

medical students to account for subject dropout and uncertainties in mean and SD of 

baseline scores.

Results

All 43 medical students that enrolled participated in the trial. One student in the Didactic 

Group did not complete the pre-test, however all students completed the post-test and 3-

month follow-up. Both groups demonstrated similar baseline knowledge of radiation 

oncology on the pre-test (Table 1).

Knowledge Assessment

When compared to the baseline pre-test, the overall mean knowledge score of all 

participants on the immediate post-test was +7.6% higher (p=0.007 by Wilcoxon signed rank 

test). The improvement was similar in each of the two groups, with a mean score difference 

of +8.6% in the didactic group and +6.6% in the contouring module group. There were no 

significant differences between the groups (Table 1).

In a 3-month retention test, overall performance was not significantly different though a 

trend favoring the Contouring Group was noted (43% vs 51%, p=0.10). On subset analysis, 

the Contouring Group had significantly better knowledge of the radiation process and side 

effects (51% vs 75%, p=0.002) (Table 1).
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Overall difficulty for the 3-month follow-up test was higher that the pre-test and initial post-

test (0.86 vs 0.89 vs 0.42, scale 0–1 with 1 indicating easiest questions). This did result in an 

improved discrimination index for the follow-up test compared to the immediate post-test, 

indicating a better ability to identify high vs low performing respondents (0.14 vs 0.33, 

p=0.02; scale −1 to +1, +1 indicating most discriminatory questions). MCQs specifically 

addressing “RT process/side effects,” were similar in both difficulty and discrimination 

compared to the “CT anatomy” subset. (See Supplementary Table 1 for results of each 

question and test).

Engagement and Interest in Radiation Oncology

On the immediate post-test, students in the Contouring Group endorsed greater engagement 

during the exercise on a 5-point Likert-type scale (3.10 vs 3.76, p=0.02) (Figure 3). Students 

in the Contouring Group were also more interested in completing a future clinical radiation 

oncology rotation (2.52 vs 3.27, p = 0.01). Both groups thought it would be useful to 

incorporate a similar exercise into the medical school curriculum, with a non-significant 

trend favoring the Contouring Group (3.45 vs 3.85, p=0.11). Gender concordance was noted 

in the type of cancer students would be most interested in learning about, should they 

complete another similar exercise. Specifically, 50% of males said they would select a 

prostate cancer case (vs 10% of females) and 52% of females chose breast cancer (vs 30% 

of males). There was a significant difference in disease type selected based on student 

gender (p=0.02).

Method of learning 3-dimensional radiographic anatomy

In the immediate post-test, students in the Contouring Group found the exercise more 

important for increasing their understanding of female pelvic anatomy compared to 

watching a lecture (2.71 vs 3.81, p<0.001). Additionally, students in both groups 

demonstrated significantly increased confidence in CT-based pelvic anatomy compared to 

the pre-test survey (Figure 3), with a trend toward greater improvement in confidence among 

students in the Contouring Group (mean Likert score increase 0.9 vs 1.4, p=0.052).

Role of an interactive contouring module in the pre-clinical oncology block

At 3-month follow-up, all students had completed the second-year oncology block. Among 

all students, CT-based anatomy was most often endorsed (74% of students) as lacking in 

their current pre-clinical oncology curriculum, followed by multidisciplinary care (35% of 

students) (Figure 4). When asked which learning objectives had been best addressed in the 

trial exercise, students from both the Didactic and Contouring Groups identified CT-based 

anatomy (67% vs. 68%, NS). There were trends suggesting that the Contouring Group 

learned more about multidisciplinary care (77% vs. 52%, p=0.09), while the didactic group 

learned more about radiation biology and physics (43% vs. 18%, p=0.08) (data not shown).

Also at 3-month follow up, all students (both groups) viewed the cervical cancer case in 

eContour. Students placed high importance on being able to scroll through patient imaging 

in 3D (Figure 5A) and more than half said they would be “quite likely” or “extremely likely” 

to use eContour cases during the second year oncology block (Figure 5B).
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Discussion

This randomized trial demonstrates the feasibility of using an interactive contouring module 

as a tool for introducing radiation oncology concepts to medical students. Students 

completing the module demonstrated similar improvements in overall knowledge to students 

watching a traditional didactic lecture, both immediately following the session and at 3-

month follow-up. This is consistent with other studies of e-learning in general oncology(22), 

including one randomized trial(23), which have shown equivalence compared to traditional 

techniques. However, on subset analysis of the 3-month follow-up test, the group that 

completed the contouring module demonstrated better retention of knowledge of radiation 

process and side effects.

While our initial hypothesis was that engaging students with case-based imaging and active 

contouring would enhance knowledge of CT-based anatomy, perhaps knowledge of the 

process and side effects of radiation are actually most critical for students not going into the 

field of radiation oncology, since they relate to counseling future patients about expectations 

of cancer treatment, possibly as early as in discussions about cancer screening. A recent 

survey of internal medicine residents found that only 50% of them would recommend 

stereotactic body radiotherapy (SBRT) for patients with medically inoperable early-stage 

lung cancer(24).

Previous work shows that students prefer web-based modules for image-intensive 

material(16). It is possible that the manipulation of images in the contouring module 

reinforced the location-based nature of radiation side effects. Students in the contouring 

group were more likely to state that the exercise was beneficial for learning CT-based 

anatomy and demonstrated a borderline significant increase in confidence in reading female 

pelvic CT scans. The majority of students also reported that CT anatomy was not well 

covered in their second year oncology block, and that they would be quite likely or 

extremely likely to use the eContour cases during their clinical clerkship, though there was 

potential for social desirability bias among study participants in answering these questions.

Students endorsed feeling more engaged through interactive learning, which may also 

explain greater long-term retention of side effects among the contouring group. Meanwhile, 

greater engagement may have led to the students’ increased interest in pursuing a clinical 

radiation oncology rotation. Interactive learning could serve as an innovative method to 

expose medical students to radiation oncology earlier in medical school and increase interest 

in the field, since currently many students’ first exposure occurs after residency choices have 

been made(6). Our finding that gender impacts a student’s interest in cancer type is 

consistent with prior research about gender-concordant patient care(25,26), but in this 

setting suggests customization of learning (as is available through e-learning) as a potential 

method to maintain student engagement while teaching general concepts such as 

multidisciplinary care and survivorship, which transcend cancer types.

Students in the contouring module group more often reported that the exercise taught them 

about multidisciplinary care, which students frequently endorsed as not being covered well 

in their second year oncology block. This is a common concern among undergraduate 
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medical educators(27). In one study led by surgeons, the authors created and tested an 

interactive game to enhance students’ understanding of multidisciplinary care in 

oncology(12). Our data suggest that an interactive contouring module can provide students 

with important information regarding the role of radiation as a component of a patient’s 

cancer treatment.

Our study is unique for the randomized design, which allows for a direct comparison of 

interactive contouring to current teaching methods. Past studies of radiation oncology 

education programs have primarily investigated adding components to an existing 

curriculum(6,28), which requires additional time and thus may be difficult to implement. 

Our study shows that an interactive module could represent a method to improve the 

educational experience and increase interest in radiation oncology without reducing 

knowledge or increasing the total dedicated teaching time. The module could be provided as 

an alternative for the subset of students to whom the interactive learning style appeals most. 

Meanwhile though, with many students not getting any exposure to radiation oncology 

through their pre-clinical curricula(7) this module offers an easy way to integrate additional 

information into the oncology block. An engaging and interactive introduction to radiation 

oncology earlier in medical school could encourage more students to participate in a clinical 

rotation, which also has proven benefits for long-term knowledge retention(3).

Limitations of the present study include first that the groups showed no significant 

difference in the primary endpoint, only in a subset analysis that was conducted post-hoc. 

The study was powered to detect a 20% improvement in knowledge compared to the control 

group, which was overly ambitious, given that difference in a prior study of a radiation 

oncology lecture improved knowledge by only 11%(9). Furthermore, it was not anticipated 

that medical student performance on both the pre-test and immediate post-test would exceed 

80%. To increase the distribution of test scores on the follow-up test, a more difficult test 

was created, and a significant decrease in knowledge retention test scores was observed. 

This was despite completion of the second year pre-clinical oncology block in the interim. 

Perhaps future educational trials should consider long-term retention as the primary 

endpoint, since this likely correlates better with impact on clinical practice(29). It should 

also be noted that the study employed previously unvalidated knowledge tests. Negative 

phrasing was employed in a few questions, and, while this approach is generally not 

recommended, it can be employed to highlight a significant outcome or clinical practice. 

One such question involved identifying the responsibilities of a radiation oncologist, with 

the correct answer including all of the options except “pressing the button”, which was 

selected specifically due to a prior publication showing that 23% of fourth year students 

answered this incorrectly(3). Though we attempted to assure construct validity, the 

possibility remains that our tests did not adequately assess radiation oncology knowledge. 

Lastly, this exercise required participants to be on site in order to use the MIM contouring 

software. However, our team is working towards an interactive online contouring application 

that would allow users to complete the module entirely online, providing increased access to 

education for medical schools without a radiation oncology department, or potentially in 

low-resource programs internationally.
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In conclusion, these data suggest that pre-clinical radiation oncology education, which 

impacts all physicians who will care for patients undergoing radiation and surviving after 

cancer treatment, may benefit from incorporation of interactive image-based contouring 

modules.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Randomized trial schema
The image in the “Didactic Group” shows a slide teaching pelvic imaging in the video-

recorded didactic lecture. The image in the “Contouring Group” box shows the cervical 

cancer case students contoured in the MIM treatment planning software.
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Figure 2. Radiation oncology learning objectives
The objectives used for this pre-clinical radiation oncology educational exercise.
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Figure 3. Responses to survey questions using 5-point Likert-type scale
All questions were asked on the post-exercise survey. Only the first 2 questions regarding 

confidence were asked on both the pre-test and post-test. For all post-exercise questions 

N=22 for the contouring module group and N=21 for the didactic group. For all pre-test 

questions, n=22 for contouring group responses and n=20 for didactic group responses. 

Markers (*) indicate a significant difference (p<0.05).
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Figure 4. Gaps in the second year oncology curriculum
The percentage of respondents (n=43) who selected each learning objective (as defined in 

the exercise under study) as being “least well covered in their oncology block”.
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Figure 5. Utility of interactive 3D CT-based images
Parts A and B show the number of respondents (n=43) for each option on the 5-point Likert-

type scale for 2 separate questions asked of all students on the 3-month follow-up.
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