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    Abstract
Objectives: To evaluate if the Weill Cornell Medicine (WCM) Ophthalmology Virtual Elective provided students with 1) an increased knowledge of ophthalmology, 2) an understanding of the residency program and department, and 3) an opportunity for the program faculty to become acquainted with the students. To determine how future virtual electives may be improved to increase efficacy of achieving these objectives. Methods: A 2-week virtual ophthalmology elective was offered to 4th-year medical students. The curriculum included dedicated medical student lectures and assignments and supplemental resources from the American Academy of Ophthalmology. Students also participated in grand rounds, resident morning lectures, and delivered case presentations to the faculty. Pre- and postassessments were performed to evaluate medical knowledge, and a subjective experience survey was distributed to evaluate faculty and student experiences. Results: Seventeen, fourth-year medical students participated in the elective, and 12 students completed the voluntary pre- and postassessments of medical knowledge. Significant improvement in medical knowledge was noted. Median preassessment score was 80% (interquartile range [IQR]: 78%, 83%), and the median postassessment score was 100% (IQR: 90%, 100%), P = 0.0055. Sixteen students and four faculty members completed their respective subjective experiences in a Likert scale survey. Most students indicated they felt fairly confident or very confident that they had acquired knowledge, made relationships with faculty, and had become familiar with the program and departmental culture. All faculties indicated they agreed or strongly agreed that they were able to assess students' abilities and establish rapport with the students. Both students and faculty felt limited in the assessment of clinical skills due to a lack of in-person activities. Conclusions: Despite its inherent limitations, an ophthalmology virtual elective can effectively increase interest and knowledge within the field of ophthalmology, facilitate student–faculty relations, and serve as a tool for residency programs in the era of COVID-19 and thereafter.
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    Introduction


    COVID-19 has presented obstacles in medical education and practice around the world. With the need for appropriate social distancing measures for public and personal health and safety, the Coalition for Physician Accountability recommended in May 2020 that all sub-internships and elective away rotations be halted immediately, applying pressure on institutions to adapt rapidly.[bookmark: ft1][1] This presented challenges to medical education and medical residency programs alike in the ability to foster student interest in particular specialties and facilitate the residency selection process, respectively. This is especially true for ophthalmology, a specialty that medical students receive limited training in throughout their undergraduate medical education.[bookmark: ft2][2] Limited access to away rotations during the pandemic compounded these challenges for medical students who did not have an ophthalmology department at their home medical institution, and could not gain exposure by visiting departments outside of their medical college.[bookmark: ft3][3]


    An outcome of COVID-19 is the emergence of educational, virtual, and curricular offerings across various medical specialties in both pre-clinical medical education and as elective courses.[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft8][8] Multiple studies have focused on how to optimize virtual learning through different platforms and venues.


    Methods


    The primary endpoint of the study was to determine if there was an increase in medical student knowledge of ophthalmology following the virtual elective. Secondary endpoints were to assess if the medical students acquired a more profound understanding of the residency program and department culture and if the faculty became acquainted with the students throughout the elective.


    Overview


    Fourth-year medical students were offered participation in a 2-week virtual ophthalmology elective through the Weill Cornell Medicine department of Ophthalmology from August to October 2020. Utilizing video communication software (Zoom™, San Jose, CA, USA), rotating medical students attended dedicated medical student lectures, departmental grand rounds, resident morning lectures, surgical conferences, neuroradiology rounds, journal clubs, and virtual pathology laboratories. In addition, the elective curriculum included ten assigned, prerecorded lectures based on the book “Basics of Ophthalmology Essentials for Medical Students, Tenth Edition” from the American Academy of Ophthalmology (AAO), followed by self-assessment evaluations. The curriculum also consisted of assigned case presentations, literature reviews, and a final project presentation which was presented virtually to faculty members. All information about assignments and curricular submissions were completed through Google Classroom (Google LLC, Mountain View, CA, USA). Students were encouraged to participate actively and engage with the faculty in lectures, by e-mail, and through departmental educational events.


    Pre- and postcurriculum assessment


    Before beginning the elective, students were encouraged to complete a precurriculum assessment of ten multiple-choice ophthalmology clinical questions based off the book “Basics of Ophthalmology Essentials for Medical Students Tenth Edition” from the AAO. The material was then reviewed over 2 weeks through ten prerecorded lectures utilizing the same textbook, and the identical questions were presented in different number order as a postcurriculum assessment. The goal of this assessment was to determine if the virtual elective increased the students' medical knowledge of ophthalmology. Participant performance assessment was voluntary, anonymous, and untraceable.


    Subjective experience survey


    At the end of the elective, students and faculty were asked to complete a voluntary and anonymous online Likert scale survey focused on their subjective experience. The survey was created based on surveys used in similar published studies.[bookmark: ft6][6],[bookmark: ft7][7] Google Forms (Google LLC, Mountain View, CA, USA) was used to create and conduct both the assessments and survey. The variables of interest of the student and faculty surveys were measured. Additionally, the survey had an open-ended response section where students shared which elements of the virtual elective worked and did not work well for them and suggestions for improvement [Table - 1] and [Table - 2].
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        	Table 1: Summary of the student free responses in subjective experiences survey
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        	Table 2: Summary of the faculty free responses in subjective experiences survey
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    Statistics


    The median and interquartile range (IQR) were calculated for the pre- and posttest scores. The Wilcoxon rank-sum test was used to compare median knowledge scores pre- and postassessment. All P values are two-sided, with statistical significance evaluated at the 0.05 alpha level. All analyses were performed in R Version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria).


    Results


    Study participants


    Seventeen, fourth-year medical students participated in the virtual elective. 16/17 students completed an acquisition questionnaire as part of the subjective experiences survey. Fifty percent of the students did not have an ophthalmology department at their home institution. About 87.6% of the students had completed an in-person elective or rotation in ophthalmology before the virtual elective in this study.


    Four faculty members from the department of ophthalmology participated in the elective.


    Pre- and postcurriculum assessment


    12/17 students completed the voluntary pre- and postmedical knowledge assessment. The median preassessment score was 80% (IQR: 78%, 83%). The median postassessment score (±standard deviation) was 100% (IQR: 90%, 100%). The Wilcoxon signed-rank showed there was a significant difference between the median posttest and pretest score (P = 0.0055) [Figure - 1].
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        	Figure 1: Box plot of pre- and postelective acquisition assessments (n = 12). Assessments were multiple-choice questionnaires with clinical scenarios
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    Student subjective experience survey


    16/17 completed the subjective experience survey. About 93.8% of the students indicated “agree” or “strongly agree” when asked if their fund of knowledge in ophthalmology had increased by taking this virtual elective and that the curriculum provided them with basic knowledge in ophthalmology. About 62.5% of the students indicated “agree” or “strongly agree” when asked if they felt confident in conducting an eye examination after taking this virtual elective.


    Regarding exposure to the program environment, 87.6% of students indicated “agree” Weill Cornell Ophthalmology program and if they garnered a good sense of the culture and environment at the Weill Cornell Ophthalmology program. About 81.3% of the students indicated “agree” or “strongly agree” when asked if they established rapport with the faculty at the Weill Ophthalmology program. About 87.6% of the students indicated “agree” or “strongly agree” when asked if they felt confident that the faculty at the Weill Ophthalmology program were able to learn more about them [Figure - 2].
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        	Figure 2: Bar Graph of WCM Virtual Experience Subjective Student Survey (n = 16). 87.6% strongly agreed or agreed that the virtual elective provided them the opportunity to learn more about the WCM ophthalmology program. 81.3% of students strongly agreed or agreed that they were able to establish rapport with the WCM faculty. WCM: Weill Cornell Medicine
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    Faculty subjective experience survey


    Four faculty members (no authors of this study) completed the subjective experience survey. They were posed questions assessing their degree of confidence in evaluating the students generally, strengths and weaknesses of each individual student, communicative skills, and if they as faculty members felt they had built rapport with the students. All faculty members designated they felt either “fairly confident” or “very confident” in assessing the students for each of these items. All faculty members designated they “agree” or “strongly agree” that they built rapport with students and got to know the students on a personal level [Figure - 3].
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        	Figure 3: Bar graph of WCM Virtual Experience Subjective Faculty Survey (n = 4). 100% of faculty members strongly agreed or agreed that they were confident in assessing the students in various areas and were able to establish rapport with the students. WCM: Weill Cornell Medicine
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    Discussion


    The COVID-19 pandemic has presented novel challenges and obstacles to the state of undergraduate medical education potentially compounding the already limited exposure of medical students to certain fields of medicine.[bookmark: ft1][1] Many institutions have adapted to these obstacles rapidly, offering virtual curricula to medical students, but few publications have examined the efficacy of COVID-era virtual electives in ophthalmology.[bookmark: ft4][4],[bookmark: ft7][7],[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13] The current study examines the objective and subjective outcomes of a 2-week virtual ophthalmology elective at Weill Cornell Medicine for 4th-year medical students. We believe that we successfully accomplished the objectives of the program as assessed by the evaluation modalities and direct feedback from the student and faculty surveys. Since several of the students of our study cohort applied to our residency program, we also strongly believe that our program increased students' knowledge in our field, thus giving them the confidence to pursue ophthalmology and obtain training at various programs.


    During this time, residency programs were forced to provide students virtual away electives, and many had success with its implementation. At Columbia University's Department of Urology, all participating students rated the virtual elective as “very good.” Similarly to our virtual elective, the students got a sense of the department's culture and gained foundational knowledge in urology.[bookmark: ft14][14] At the University of Rochester's orthopedic surgery virtual away elective, the students interacted with the faculty and residents through didactics, presentations, and one-on-one mentorship. The students felt the elective offered them the opportunity to get to know the faculty and residents. Meanwhile, the faculty believed it was somewhat useful to assess a student's knowledge and communication skills.[bookmark: ft15][15] In our program, the students had various interactions with the faculty and residents allowing students to build relationships with individuals of the department. Other specialties such as pathology, otolaryngology, and plastic surgery noted similar results in their respective virtual electives.[bookmark: ft16][16],[bookmark: ft17][17],[bookmark: ft18][18] Our program demonstrated similar efficacy to other virtual away electives across the country in various subspecialties, thus indicating that virtual away electives are a reasonable substitute regardless of specialty and its existence may extend beyond the COVID-19 pandemic.


    As restrictions are being lifted due to the evolving nature of COVID-19 and vaccination, we hope to reinstitute the in-person away elective in a hybrid model that will incorporate components of the virtual elective along with the lessons that have been learned in the process. Along with return to patient care and in-person interactions, we hope to strengthen the elective by including the prerecorded lectures, virtual grand rounds, remote assignments, and webcam faculty interactions. With these considerations for our future planning and for other programs, it is also important to note the increased accessibility and opportunity a virtual elective may provide for those with financially limited resources.[bookmark: ft19][19],[bookmark: ft20][20] Given the numerous students from medical colleges without an ophthalmology department, the virtual elective serves as an alternative option for students to gain exposure to the field post the COVID-19 era.


    The surveys revealed some inherent limitations in our elective due to its virtual nature, such as the difficulty facilitating an improvement in hands-on examination skills and incorporating patient interactions. The study itself had several limitations. The multiple-choice pre- and postassessments were created based on material from the AAO's book, Basics in Ophthalmology Essentials for Medical Students, but have not been validated formally. Although the assessments and surveys were voluntary, anonymous, and untraceable, it is possible some students may have held back criticism for fear they might be identified. Only four faculty members completed the survey since they were the ones working closely with the students participating in the elective. Finally, the study did not include a control group comprised in-person students to compare with the virtual elective group. These are areas for future study.


    This study highlights the success and means by which an effective virtual elective may be implemented. Despite the need for social distancing and limitations of the virtual platform, virtual learning with interactive components can offer students the opportunity to garner a rich perspective, knowledge, and understanding of ophthalmology and residency program culture, while also offering faculty the capacity to develop meaningful relationships with students located across the country. While there are inherent shortcomings of an entirely virtual curriculum, we believe the virtual away elective offers a novel opportunity for reconsidering the implementation of away-medical student education. We hope to modify the away elective with the lessons learned from this study and incorporate successful components of the virtual curriculum to dynamically engage students interested in ophthalmology through both in-person and virtual modalities to maximize curricular, residency selection, and ophthalmologic education efficacy in the future.
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  Figure 1: Box plot of pre- and postelective acquisition assessments (n
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  Figure 2: Bar Graph of WCM Virtual Experience Subjective Student Survey (n
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  Figure 3: Bar graph of WCM Virtual Experience Subjective Faculty Survey (n
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  Table 1: Summary of the student free responses in subjective experiences survey
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  Table 2: Summary of the faculty free responses in subjective experiences survey
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