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Abstract 

Background: In multidisciplinary education, different perspectives from more than one discipline are used to illus-
trate a certain topic. The aim of this study was to evaluate the effectiveness of an online, multidisciplinary radiology 
curriculum to teach radiology to medical students in Egypt. A multidisciplinary team of radiologists, surgeons, and 
internists taught a series of 5 case-based radiology sessions on a web conference platform. Topics included com-
mon clinical case scenarios for various body systems. Undergraduate medical students across Egypt were enrolled in 
the course. A pre-test–post-test design was used to evaluate the efficacy of each session. Upon course completion, 
students filled out a subjective survey to assess the radiology education series.

Results: On average, 1000 students attended each session. For each session, an average of 734 students completed 
both the pre-test and post-test. There was a statistically significant increase in post-test scores compared to pre-test 
scores across all 5 sessions (p < 0.001) with an overall average score improvement of 63%. A subjective survey at the 
end of the course was completed by 1027 students. Over 96% of students found the lecture series to be a worthwhile 
experience that increased their imaging knowledge and interest in radiology, and that the use of a multidisciplinary 
approach added educational value. About 66% of students also reported that the session topics were “excellent and 
clinically important.” There was a marked increase in reported confidence levels in radiology competencies before and 
after attendance of the sessions.

Conclusions: An online radiology curriculum with a multidisciplinary approach can be implemented successfully to 
reach a large group of medical students and meet their educational objectives.
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Introduction
Since March 2020, the COVID-19 pandemic has heavily 
impacted medical education around the world. Within 
Egypt, in-person undergraduate medical courses and 

clinical clerkships were suspended out of concern for 
the safety of students and teachers. As a result, Egyp-
tian medical students have largely exchanged physical 
classrooms for online learning webinars [1]. Multiple 
studies, including radiology education-specific ones 
with small sample sizes, have implemented virtual 
medical courses (interactive web conferences) to assess 
student performance and satisfaction. These teaching 
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modalities including the flipped classroom model, 
didactic lectures, case-based discussions/read-outs, 
online modules, interdisciplinary conferences, and 
small group activities have received mostly positive 
reviews [2–4].

Radiology, in particular, is well-positioned to be 
taught electronically due to its heavy reliance on tech-
nology and the existence of multiple online educa-
tional radiology module platforms [5]. Unfortunately, 
radiology has been historically underrepresented in 
the medical curriculum [6]. Despite medical imaging 
becoming an increasingly routine part of patient care, 
medical student radiology education has not achieved 
similar growth [6]. Radiology education in many medi-
cal schools is often not part of the required curriculum 
and is only offered in the forms of electives often taught 
by non-radiologists, such as anatomists [6, 7]. Effective 
radiology education not only exposes medical students 
to the field of radiology but also can inspire students to 
pursue careers in radiology and build a strong founda-
tion of basic radiology knowledge [3].

In addition, many specialties (internal medicine, 
obstetrics-gynecology, pediatrics, general surgery) have 
reported that incoming interns have insufficient imag-
ing interpretation skills (“normal vs abnormal”) and 
an inability to order imaging according to appropriate 
imaging guidelines. This is likely attributable to lack of 
radiology education in medical schools [8]. One possi-
ble solution to this problem is using a multidisciplinary 
approach to integrate direct radiology instruction by 
radiologists, supplemented by perspectives from other 
specialties. Integrating radiology education with topics 
across different specialties can help to increase under-
standing and appreciation of the role of radiology in 
multifaceted patient care [9]. Implementing a formal, 
multidisciplinary radiology education across medical 
curricula may also improve the retention of founda-
tional radiology knowledge for both future radiologists 
and non-radiology physicians. In the following report, 
we strove to implement and assess a similar multidis-
ciplinary online radiology educational series within a 
cohort of Egyptian medical students, a similar method-
ology to a previous, parallel United States (U.S.) study. 
We hypothesize that this virtual multidisciplinary radi-
ology educational series can be used to meet the edu-
cational needs of a large group of medical students 
internationally.

Methods
Participants of this study provided informed consent to 
authorize the use of the test results and the analysis of the 
survey answers for research purposes.

Development and implementation
An online, multidisciplinary diagnostic radiology lec-
ture series was designed to run for 5 sessions led by a 
radiologist, an internist, and a surgeon; they addressed 
the following topics: child abuse, bone fractures, breast, 
pneumonia, and flank pain (Table 2). The sessions were 
attended by 1363 medical students from Egyptian med-
ical schools. Student ambassadors communicated the 
schedule from the course director to the remaining 
students and set up 5 live online sessions. The sessions 
were hosted on the video conferencing platform, Zoom 
(Zoom Video Communications Inc., 2016), which 
allows screen sharing in addition to audience interac-
tion in the questions and answers session. The live 
sessions began with a 10-min multiple choice pre-test 
knowledge assessment. Then, the panelists would dis-
cuss a teaching topic, beginning first with the internist 
or surgeon who presented a case and then a radiolo-
gist would go over relevant imaging. The radiologist 
would describe the imaging studies that were ordered, 
the interpretation of the images, and how these images 
guided medical or surgical management. Imaging scans 
were presented both as static images and as videos to 
explain relevant pathology and normal anatomy. Once 
the lectures were completed, the students completed a 
post-test and then had a 15-min question and answer 
session with the panelists. A learning objective hand 
out was sent out to medical students few days after 
each live session to enhance the learning experience for 
students and provide them with educational material 
that they can reference.

Evaluation
We implemented a correlational pre-test–post-test 
design to assess the change in knowledge gained by stu-
dents through the virtual lectures. An assigned medical 
student helped by the panelists at each session to set up 
7–13 questions multiple choice questions that covered 
the learning objectives of that session. The same set of 
questions was administered before and after the session 
using Qualtrics survey software (Qualtrics,  Provo,  UT) 
to automatically score each test, awarding one mark per 
correct answer. Identifying information was removed 
from each test using a deidentifier code assigned to each 
student. At the course’s conclusion, students completed 
a 17-question course evaluation survey. The questions 
evaluated students’ overall experience using open-ended 
feedback questions, an assessment of the confidence 
regarding their understanding of imaging studies both 
pre- and post-course, and rating each of the 10 sessions 
individually using the following point scale: poor = 1, 
fair = 2, good = 3, and excellent = 4.
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Recruitment and student leadership
The course director recruited ambassadors from medi-
cal students all over Egypt based on a survey they had 
filled out before the course start date. Ambassadors help 
to recruit potential participants and to facilitate the com-
munication during the course and after the course. The 
ambassadors distributed the course details and registra-
tion Google Forms (Google, Mountain View, California) 
for the course to their schools’ group chats and Facebook 
groups to let interested medical students know about the 
course. The ambassadors played a key role organizing the 
course. In addition to recruitment, they actively contrib-
uted to the design of pre- and post-tests based on read-
ing material provided by the instructors, preparation of 
the sessions’ handouts, and communicating attendance 
information with the attendees. The ambassadors had 
weekly meetings during the course at which they pro-
vided valuable input, directions for the course, and added 
to design of the final evaluation survey.

Statistical analysis
We utilized a paired t-test within Excel (Microsoft, Red-
mond, Washington) to compare pre-test and post-test 
scores from students in each session separately. Unless 
a medical student completed both pre- and post-tests, 
the score of the exam was not included in the analysis. 
A p-value of less than 0.05 was used to indicate a statis-
tically significant difference between pre- and post-test 
scores.

Following completion of all 5 sessions, participating 
students were asked to complete a subjective course eval-
uation survey assessing for changes in their confidence 
levels of their basic radiology skills, on a four-point Lik-
ert-type scale ranging from “not confident at all” to “very 
confident.” Using MATLAB (The MathWorks, Natick, 
Massachusetts), the Wilcoxon signed-rank test with a 
one-tailed hypothesis was performed to evaluate for sta-
tistically significant differences (p-value < 0.05) between 
confidence levels before and after the course.

Results
A total of 1363 medical students enrolled in the radiology 
course after filling out an interest form and completing a 
perquisite online course about the fundamentals of imag-
ing. On average, 1000 students attended each session. For 
each session, an average of 734 students completed both 
the pre-test and post-test.

In total, 1027 students completed the end-course sur-
vey. Of which, 66.5% were first through sixth-year med-
ical students and 33.5% were interns or non-radiology 
house staff. The gender distribution was 56.3% female, 

and 0.2% preferred not to answer. The main language 
used to teach medical students at their school was 
overwhelmingly English (91.1%). Table  1 displays stu-
dent demographics.

The number of students who completed both pre- 
and post-tests was the highest at the third lecture 
(794 students). Improvements in students’ post-test 
scores were noted compared to their pre-test score 
(Fig. 1). The highest improvement in students’ acquisi-
tion of knowledge was in the last lecture (97% change). 
Across all 5 sessions, there was a statistically significant 
increase in post-test scores compared to pre-test scores 
(p < 0.001) with an overall average score improvement 
of 63% (Table 2).

Most students (over 96%) reported that the lecture 
series was a worthwhile experience that strongly or 

Table 1 Demographics

% N

Medical school class

 First-year 1.07 11

 Second-year 4.48 46

 Third-year 7.89 81

 Fourth-year 12.27 126

 Fifth-year 18.99 195

 Sixth-year 21.81 224

 Other 33.50 344

Gender

 Male 43.33 445

 Female 56.48 580

 Other 0.00 0

 Preferred not to answer 0.19 2

Language

 English 91.14 936

 Arabic 7.79 80

 Other 1.07 11

0
1
2
3
4
5
6
7
8

Child abuse Bone fractures Breast Pneumonia Flank pain

Comparison of students' pre and post-test scores

Pre-test mean (SD) Post-test mean (SD)

Fig. 1 Comparison of students’ pre- and post-test scores
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somewhat increased their knowledge of imaging as a 
diagnostic tool, as well as their overall interest in radi-
ology. About 91% strongly or somewhat agreed that the 
topics presented were relevant to their medical educa-
tion. Greater than 93% of participants stated the course 
met their expectations and found the course material 
to be just right in difficulty level and amount of effort 
to complete. Ninety-four percent of attendees strongly 
or somewhat agreed that the use of a multidisciplinary 
approach with the additional presence of a non-radiol-
ogist, such as a surgeon or internist, added educational 
value.

The weighted average rating of all 5 sessions was 3 
points or “good.” On average 50.8% of participants rated 
each session as “excellent,” 39.1% as “good,” and 9.3% as 
“fair.”

Subjective assessment of the students’ confidence 
levels in different radiology competencies was meas-
ured through the end-course survey. While most of 

the students before the course chose “not confident” or 
“somewhat confident” in the assessed radiology compe-
tencies, most students selected “moderately confident” 
or to a lesser extent, “very confident” after completing 
the course. Figure 2 summarizes the participants’ confi-
dence level ratings before and after the course. Across all 
five sessions, a statistically significant increase was noted 
in the students’ confidence level after completing the 
course compared with their confidence levels before (all 
p < 0.001). (Table 3).

Discussion
The COVID-19 pandemic forced educators to find a bal-
ance between providing enriched learning experiences 
for their students while also adhering to public safety 
measures. Virtual learning models were utilized as medi-
cal schools halted in-person learning for several months 

Table 2 Pre- and post-test scores by session

Session Completed tests Pre-test mean (SD) Post-test mean (SD) % Change p value

Child abuse 735 4.73 (1.43) 6.91 (1.78) 46  < 0.001

Bone fractures 758 4.20 (1.53) 7.53 (2.03) 79  < 0.001

Breast 794 5.08 (1.87) 7.25 (2.10) 43  < 0.001

Pneumonia 682 4.89 (1.64) 7.36 (2.01) 50  < 0.001

Flank pain 703 3.31 (1.82) 6.52 (2.72) 97  < 0.001

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Before A�er Before A�er Before A�er Before A�er Before A�er Before a�er

I am familiar with
best use radiology

prac�ces

I feel comfortable
interpre�ng
radiographs

I understand
safety in radiology

I am able to
iden�fy gross

abnormali�es on
imaging

I am familiar with
the different

imaging modali�es
and when to use

them

I am familiar with
how imaging is

used as a
diagnos�c tool

Comparison of the confidence rate of the students before and 
a�er the sessions

Not confident some what confident Moderately confident Very confident
Fig. 2 Comparison of the confidence rate of the students before and after the sessions
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during the height of the pandemic in the Spring of 2020 
[10].

The field of radiology lends itself well to virtual edu-
cation [11]. Readouts performed over virtual platforms, 
didactic lectures given in live and prerecorded formats, 
and interactive methods such as audience polling and 
quizzes were successful alternatives when in-person 
meetings were not possible [12].

In implementing a virtual radiology rotation for medi-
cal students in Egypt, we assessed pre-test and post-test 
data for five different radiology diagnoses. In comparing 
pre-test and post-test results, the cohort of students per-
formed better on the post-test after completing the vir-
tual rotation, with statistically significant results. In the 
same fashion, several studies showed the effectiveness of 
virtual teaching of radiology [2, 13]. In a study from Har-
vard Medical School, 111 medical students enrolled in a 
virtual radiology curriculum and were given a final exam 
at the conclusion of the rotation. The final exam results 
were compared to those of the final exam taken when 
the rotation was in-person in prior years, with the final 
exam scores being similar to those of the in-person rota-
tion. This demonstrates the quality of online education 
delivery with minimal to no deficiency when compared 
to in-person learning [13]. In the Egyptian cohort that 
we assessed, employing a similar comparison model with 
the performance of students enrolled in an in-person 
radiology curriculum at Egyptian medical schools pre-
COVID-19 pandemic could be useful to assess efficacy 
for future implementation of online learning.

An overwhelming majority of the participants felt that 
the virtual program increased their interest in radiol-
ogy as well as their knowledge of using radiology as a 
diagnostic tool in medicine. With a larger percentage of 
participants in the Egyptian cohort being undergradu-
ate medical students at Egyptian medical schools, tailor-
ing the difficulty level of the program to match that of a 
student was key. This was successful as demonstrated by 
post-course survey results that the material and topics 
were “just right” and clinically important.

A number of subjective points were assessed pre- and 
post-course, including familiarity with radiology best-use 
practices, identifying gross abnormalities on imaging, 
and the utility of different imaging modalities in different 
clinical scenarios. The finding of our results is consistent 
with other studies and supports the value supplemental 
radiographic education may provide in improving the 
competency of clinicians and medical students in their 
specialty [14–17].

In addition, using an online educational model also 
helps reach a greater number of students and gives 
them access to the same kinds of resources, which offers 
a robust learning experience and more equal field of 
opportunities that these students may otherwise not have 
been able to access [18, 19]. This is shown in other virtual 
education models that have been implemented in inter-
disciplinary fields in Egyptian medical schools. In medi-
cal schools in Assiut, Egypt, flipped classrooms, virtual 
small group sessions, and the use of simulation videos to 
teach procedural clinical skills were implemented. More-
over, students were incorporated in telehealth clinic visits 
with patients, which is helpful given the dynamic practice 
of medicine [14].

A large majority of the participants agreed to vary-
ing extents that the presence of an internist or surgeon 
at the educational sessions added value to the program. 
These results were similar to another study that reported 
the effectiveness of multidisciplinary approach in incor-
porating radiology in anatomy education [20, 21]. The 
approach to patient care and treatment continues to 
grow in a collaborative model. Introducing radiology at 
an early stage of medical training may reinforce a supe-
rior approach to patient care as future healthcare pro-
fessionals [22]. In addition, learning the radiographic 
significance of certain pathological diseases can serve as 
a proactive way for students to correlate better with clini-
cal presentation.

Overall, employing a multidisciplinary approach to 
radiology education at the medical student level can 
successfully be done virtually, both in response to the 

Table 3 Statistical analysis of the confidence level of the students before and after the sessions

Session Weighted average before the 
session

Weighted average after the 
session

p value

I am familiar with best use radiology practices 1.91 3.02  < 0.001

I feel comfortable interpreting radiographs 1.84 2.94  < 0.001

I understand safety in radiology 2 3.12  < 0.001

I am able to identify gross abnormalities on imaging 2.17 3.16  < 0.001

I am familiar with how imaging is used as a diagnostic tool 2.28 3.26  < 0.001

I am familiar with the different imaging modalities and when to use 
them

2.12 3.23  < 0.001
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COVID-19 pandemic as well as to the changing fabric of 
medicine, with telehealth becoming more popular [18, 
23]. Online medical education can reach a wider range 
of students and their learning can be adequately assessed 
with a combination of live discussion sessions and testing 
methods [19, 24].

Limitations
As our study depended on students answering both tests, 
students who answered only one were not included, thus 
preventing us from attaining a 100% response rate. How-
ever, online surveys are expected to not reach a 100% 
response rate, and we received an appreciable percentage 
of an ~ 80% response rate for both pre-test and post-test.

Conclusions
An online multidisciplinary approach to teaching radi-
ology to medical students can effectively and efficiently 
meet medical education needs. The accessibility, ease of 
information delivery, and overall well-received curricu-
lum demonstrates that even beyond the circumstances 
presented by the COVID-19 pandemic, online learn-
ing models may be incorporated more permanently in 
medical education and reach even more students at other 
institutions.

Take‑home points

• It is practical to implement radiology education via 
online learning platforms.

• Online and virtual video conferencing platforms 
that are available and established make it possible to 
broaden the use of educational resources, including 
access to professors from different fields and coun-
tries, FOAMed (Free Open Access Medical Educa-
tion) in order to create a rich learning experience 
despite being completely virtual.

• A multidisciplinary approach in teaching radiology 
showed significant increase in knowledge gained by 
students of the targeted teaching topics regarding 
basic radiology interpretation skills and understand-
ing imaging.

• Multidisciplinary education that incorporates radiol-
ogy plays an important role in diagnostic medicine 
and medical management.
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