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Abstract 
Medical schools were upended by the COVID-19 pandemic resulting in suspension of all in-person educational activities, 

and leaving clinical clerkships on hold. Emerging medical advances need to be integrated in undergraduate medical 

curriculum as evidence continues to evolve regarding their clinical application. Here, we describe an innovative distance-

learning elective course developed to keep fourth year medical students abreast of important scientific advances. Within 

each module, each successive entry introduced concepts with increasing complexity and included up-to-date literature 

material to help in the learning progression. Students’ overall satisfaction was high, as the elective helped them gain 

personal confidence, improved their medical and intellectual skills, increased their curiosity in medical science, and 

allowed them to analyze scientific literature they did not understand before. 
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1. Introduction 
The ongoing pandemic presents practical and logistical challenges and concerns for medical student activities, 

including the risk of students potentially spreading the virus when asymptomatic, or that they may acquire the virus 

in the course of training (Rose, 2020). In March, the Association of American Medical Colleges (AAMC) 

recommended suspension of “medical student participation in any activities that involved patient contact” to U.S. 

medical schools (Goldenberg  et al., 2020). Medical schools around the world made the decision to suspend all 

clinical clerkships in the face of the coronavirus disease 2019 (COVID-19) pandemic (Goldenberg  et al., 2020). The 

need to prepare future physicians has never been as focused as it is now in the setting of a global emergency. The 

profound effects of COVID-19 may forever change how future physicians are educated (Rose, 2020). 

The replacement of in-person training with online equivalents is an obvious necessity at this time. The 

cancellation of clerkships is a serious issue that students and medical schools must now face (Ferrel and Ryan, 

2020). 

Scientific medical advances are not sufficiently covered in undergraduate medical curricula, (Eden  et al., 2016; 

Plunkett-Rondeau  et al., 2015). Furthermore, many physicians feel unprepared to apply scientific advances to their 

medical practice (Christensen  et al., 2016; Standford Medicine, 2020).  

A virtual curriculum and novel teaching methods were needed to fulfill curricular requirements. Here, a 

comprehensive virtual clerkship elective on the interpretation of human microbiome data is presented.  

 

2. Material and Methods 
2.1. Fourth Year Elective 

A 2-week distance-learning clerkship elective was designed to accommodate fourth year medical students who 

had not yet completed the required clerkship elective. The design included two self-paced modules, one per week, 

which included sequential didactic activities to progressively help the student to inferentially understand human 

microbiome data in medical literature. During the two-week elective course students were tasked to research and 

then respond to questions related to human microbiome data. Although relevant literature for every question was 

provided, students were free to research other sources on their own. Student performance was assessed via their 

responses to each module, and via the quality of a final Powerpoint presentation. Students had complete freedom in 

the design, content, and flow of their final presentation, as tailoring it to their upcoming field of specialization could 

be beneficial in future projects they may choose to undertake. Feedback from students was collected using an online 

survey (Table 1), with responses in a Likert-style with 1= Strongly disagree; 2= Disagree; 3= Neutral; 4= Agree; 5= 

Strongly agree.  
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3. Results 
Students stated that the elective helped them build a framework on how to approach reading microbiome 

literature. Additionally, they indicated that it helped them to close gaps about the fundamentals of microbiome data. 

Furthermore, it gave them the opportunity to build a presentation using what they learned in the elective, and apply it 

to the field of microbiome research Several students stated that they plan to conduct microbiome research in the 

future during residency (Table 2). Students overall satisfaction was high. From the survey, all the participants agreed 

that the elective helped them gain basic science knowledge, it will make them better doctors, and made them feel 

confident to explain human microbiome concepts to their peers and patients (Figure 2). Students, entirely, also 

recognized that the elective helped them gain personal confidence, improve their medical and intellectual skills, 

increased their curiosity in medical science, and allowed them to analyze scientific literature they did not understand 

before.   

 

4. Discussion 
The Paul L. Foster School of Medicine offers a highly integrated curriculum across the 4 years of undergraduate 

medical education (UME). Cutting-edge medical scientific discoveries are commonly underrepresented in UME and 

pose a significant challenge in medical education as scientific information evolves at a very fast pace (Plunkett-

Rondeau  et al., 2015), challenging outdated educational materials and textbooks (Rubanovich  et al., 2018).  

Medical schools were upended by the COVID-19 pandemic, resulting in suspension of all in-person educational 

activities, and leaving clinical clerkships on hold (Durfee  et al., 2020). Persistence and adaptability during this time 

of challenge are now necessary for medical students to demonstrate a set of skills which they would had previously 

acquired through in person activities (Ferrel and Ryan, 2020). Implementing technology to help resolve these issues 

is a unique way to help students to develop important skills, such as gaining confidence to explain to peer and 

patients complex scientific concepts.  

Here, an innovative distance-learning two-week elective course was developed to keep students abreast of 

important scientific advances. Within each module, each successive entry introduces concepts with increasing 

complexity and include up-to-date literature material to help in the learning progression (Figure 1).  

Online education courses for clerkship medical students had already been proposed, even before the pandemic 

(Holland  et al., 2014), sometimes combining the online learning activities with real patient care (Wiecha  et al., 

2002). Use of e-learning programs as an addition to conventional teaching has shown to lead to improvement in 

basic knowledge and reasoning (Fransen  et al., 2018). A completely virtual clerkship elective can be a successful 

educational experience for medical students during a time when remote learning is required. Personal connections 

between faculty and students can be challenging in a virtual course (Durfee  et al., 2020), however, the availability 

of various education video platform have made these interactions smooth and effective. 

 

5. Conclusions 
Judging from the survey responses, the goal of this activity, which is to promote core competencies regarding 

scientific frontiers in medicine, increasing confidence and empowering medical students to utilize scientific 

advances in their careers, was achieved. Not only it enhanced their knowledge and understanding of science and 

technologies, but provided them with confidence to explain these concepts to peers and patients, something that they 

will keep applying throughout their career.  

Changes in the delivery of an elective, in this instance forced by the global pandemic, have the potential to be 

drastic turning points in the career progression of medical students. It will be necessary in the future to evaluate and 

study the full impact of these changes in medical education.  
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Figure-1. Elective weekly modules showing the sequence of topics; Relevant literature was provided for every entry 

 
 

Figure-2. Results from the survey; Responses were provided in a Likert-style with 1= Strongly disagree; 2= Disagree; 3= Neutral; 4= Agree; 5= 

Strongly agree 

 
 

Table-1. Survey questionnaire 

I decided to carry out this elective: 

A1. To gain basic science knowledge 

A2. Because it will make me a better medical doctor 

Performing this elective: 

C1. Challenged me intellectually 

C2. Improved my medical and intellectual skills 

P1. Advanced my career.  

P2. Increase my personal confidence  

Understanding the human microbiome 

Q1. Increased my curiosity about discoveries in medical science 

Q2. Will give me a career advantage.  

After completing this elective: 

S1. I feel confident I can explain human microbiome concepts to my peers 

S2. I feel confident to explain human microbiome concepts to my patients 

S3. Enhanced my knowledge of science. 

S4. Allowed me to analyze scientific literature I didn't understand before. 

S5. I gained experience that will help me in the future with science projects and activities. 

S6. Gave me a better grasp of how to write a research paper. 

The online remote format of the elective: 

X1. Was a good and effective way of learning the topics of the elective 

X2. Provided a comfortable way to develop the course at my own pace 
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Table-2. Students' comments 

The most important thing I gained from this elective was 

The elective helped me build a frame work on how to approach reading microbiome literature. 

Additionally, it helped me close gaps about the fundamentals of microbiome data. Furthermore, 

it gave me the opportunity to build a presentation using what I learned in the elective and apply 

it to the field of microbiome research I plan to conduct in the future during residency. The 

faculty was readily available for questions! 

Learning about microbiome data - how it is collected, analyzed, and presented 

An introductory understanding to Microbiome concepts and how data is organized, interpreted, 

and presented. 

Gained insight into 16S Sequencing and Next Generation Sequencing & exposure to human 

microbiota research 

Learning the basics about microbiome 

A better understanding of the microbiome, how to interpret data pertaining to it and its many 

uses 

Being able to translate science to direct patient care 

The approaches to generate and analyze microbiome data 

Learning in depth about the different technologies used to sequence bacterial DNA. It is 

something we read about in class but never actually understand how it is done! Reading about 

next generation sequencing was actually fun for me.  

Learning about the microbiome related to the field I will be going into. 

Learning about how the microbiome is different among individuals, especially those with 

certain medical conditions. Learning how to analyze microbiomes. 
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