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ABSTRACT

Background: The impact of coronavirus disease 2019 (COVID-19) has profoundly affected
education, with most universities changing face-to-face classes to online formats. To adapt
to the COVID-19 pandemic situation, we adopted a blended learning approach to anatomy
instruction that included online lectures, pre-recorded laboratory dissection videos, and 3D
anatomy applications, with condensed offline cadaver dissection.

Methods: We aimed to examine the learning outcomes of a newly adopted anatomy
educational approach by 1) comparing academic achievement between the blended learning
group (the 2020 class, 108 students) and the traditional classroom learning group (the 2019
class, 104 students), and 2) an online questionnaire survey on student preference on the
learning method and reasons of preference.

Results: The average anatomy examination scores of the 2020 class, who took online lectures
and blended dissection laboratories, were significantly higher than those of the 2019 class,
who participated in an offline lecture and dissection laboratories. The questionnaire survey
revealed that students preferred online lectures over traditional large group lecture-based
teaching because it allowed them to acquire increased self-study time, study according to
their individual learning styles, and repeatedly review lecture videos.

Conclusion: This study suggests that a blended learning approach is an effective method for
anatomy learning, and the advantage may result from increased self-directed study through
online learning.

Keywords: Anatomy Education; COVID-19; Blended Learning; Self-directed Learning

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has significantly affected education

all over the world. According to the United Nations Educational, Scientific and Cultural
Organization (UNESCO), COVID-19 has affected 85% of enrolled students worldwide.1,2

In most countries, medical education for both lectures and laboratory classes has been
transferred from the physical classroom to online.3# Anatomy education has been presented
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with various platforms, with multiple opinions regarding the conducting of online classes,
and the sudden conversion to online.57 In Korea, anatomy lectures were changed to entirely
online at all medical schools, and the dissection laboratories were either replaced virtually or
postponed until after the COVID-19 situation improved.

Since the Korean government raised the infectious disease crisis level to “severe,” on February
23,8 the spring semester could not begin as usual, and Korea University banned all offline
classes from February 28. Korea University College of Medicine (KUCM) began its first-year
classes online on March 24, and the anatomy lectures were also conducted online. The rapid
increase in COVID-19 infections led the anatomy department of KUCM to close the dissection
laboratory. As an alternative, assignments utilizing a video displaying the dissection process
and a 3D program explaining anatomical structures were provided to students. On April 21,
when the number of confirmed COVID-19 patients in Korea decreased to around ten per day,
the anatomy department decided to start an in-person dissection laboratory.

Blended learning is a type of education that combines traditional offline classes with online
lectures. It is widely used to incorporate the advantages of offline and online courses.%10
There have been mixed results in previous studies of blended learning in anatomy. In studies
comparing blended learning and traditional teaching methods in anatomy courses, students'
grades were improved in blended learning groups in some studies,!1;12 while there was no
difference in other studies.13:14 Although Pereira et al.1! showed increased student satisfaction
with blended learning, other students reported decreased interest in online subjects and
negative responses regarding excess workload during the course.12 When Anatomy Massive
Open Online Course (MOOC) lectures supplemented offline lectures, most students opposed
the idea of completely replacing the existing offline classes with online ones.15

Various e-learning materials have been used in the gross anatomy laboratory. Studies using
multimedia during anatomy courses showed that adding various materials helped enhance
students' knowledge gain in anatomy.11,16 3D computer programs showing the location,
positional relationship, and function of anatomical structures have been developed and
incorporated into anatomy education.1722 However, the previous studies reported that
replacing the cadaver laboratory entirely with e-learning had a negative impact on the
students' anatomy grades.1%19

Due to the COVID-19 pandemic, we resorted to adopting blended learning in the anatomy
course, which we had not initially intended or prepared for. Although the students'
responses to online anatomy teaching were remarkably positive, the teachers of the
anatomy department were skeptical, and concerned about the effectiveness of altered
teaching methods in whether the students' performance could reach the intended learning
outcomes. Accordingly, this study aimed to examine the educational outcomes of the online
and blended learning approach in anatomy. The specific research questions were: 1) Are

the students' anatomy achievement scores in a new blended learning approach similar to
those achieved with traditional learning methods?; 2) What factors contributed to students'
academic achievement?; and 3) What further improvements can be made to the blended
learning approach?
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METHODS

Adaptations of anatomy lectures in response to COVID-19

KUMC is a 6-year medical college which consists of pre-medical studies (years 1 and 2),
preclinical (years 3 and 4), and clinical clerkship rotations (years 5 and 6). The annual

number of matriculant students is 106. The anatomy course consists of large group lectures
and traditional cadaver dissection laboratories held in the spring semester of year 3.

However, due to COVID-19, anatomy teaching was inevitably replaced by online education,
synchronously or asynchronously through a learning management system (LMS) called the
Black Board Collaborate (BBC). Limb, back, thorax, abdomen and pelvis lectures were taught
asynchronously, and head and neck lectures were delivered synchronously. Interactions
between professors and students were made available through chats in real-time online
classes. For the pre-recorded lectures, a discussion space was provided at the BBC to promote
inquiry from students and answers from professors, and students could repeatedly review and
study over the videos until each examination date. Additional change during the 2020 anatomy
course was providing all lecture materials to students in advance of each class, whereas in
2019, only lecture handouts for limbs and thorax were provided to students before the class.
The lecturers for all areas, except for the back, were the same in the 2019 and the 2020 class.

Adaptations of cadaver dissection laboratories in response to COVID-19

In the 2019 class, the cadaver dissection laboratory immediately followed the anatomy lecture
of the same subject. The laboratory was conducted 3—4 times a week, for about 4 hours each
time, following a brief explanation of the contents and how to proceed with the dissection.
One cadaver was assigned to every five to six students. We provided the checklists of the
structures to observe during the dissection and the e-Anatomy® (Panmun Education, Seoul,
Korea) videos, which is a series of videos on the dissection sequence and methods. Watching
e-Anatomy® before dissection laboratories was optional, not mandatory in 2019. However,
in 2020, while the anatomy course was done entirely online at home, students were required
to study and submit assignments using the e-Anatomy® videos and Complete Anatomy®
(Elsevier, Amsterdam, Netherlands), illustrating the location and shape of anatomical
structures in three dimensions.

Since the end of April, when the number of COVID-19 infections had become sufficiently
reduced in Korea, a face-to-face cadaver dissection was recommenced; 10 hours a day, 1-2
times per week. At this time, the amount equivalent to three times the previous laboratory was
done in one day. Before starting the dissection laboratory, the infection prevention measures
guidelines provided by the Korea Disease Control and Prevention Agency (KDCA) were
applied to students. After screening symptoms and body temperature measures, the personal
protective equipment (i.e., surgical gowns, masks, face shields, wristlets, and gloves) were
distributed, worn during dissection, and discarded after each class. In addition, the negative
pressure system inside the dissection room was operated to ensure safe air circulation.

Contents and class hours of anatomy lectures and cadaver dissection
laboratories

The anatomy lecture and laboratory were both divided into the following topics: limbs, back,
thorax, abdomen and pelvis, and head and neck. The lecture hours for each organ were the
same in the 2019 and 2020 classes, while the dissection hours were slightly reduced in the
2020 class, especially for the limbs, back, and thorax topics. The same learning outcomes
were provided to the students at the beginning of class in 2019 and 2020 (Table 1).
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Table 1. The course content and the class hours of anatomy lectures and dissection laboratory

Variables Class 2020 Class 2019
Intended learning outcomes The same learning outcomes were provided to the students at the
beginning of class in 2019 and 2020
Domain
Lecture hours?, hr
Limbs 18 18
Back 5 5
Thorax 8 8
Abdomen and pelvis 16 16
Head and neck 21 21
Dissection laboratory hours®, hr
Limb 20 27
Back 5 6
Thorax 9 12
Abdomen and pelvis 21 21
Head and neck 30 30

3Lecture hours done offline for class 2019, online for class 2020; *Laboratory hours done offline in both class 2019
and 2020.

Student assessment

Both in 2019 and 2020, three exams for assessing students' achievement were proctored
face-to-face in the large lecture halls. In 2019, the orders of examinations were taken after
completing the lectures on limb; back, thorax, abdomen and pelvis, and head and neck
classes, consecutively. In 2020, limb, back, and thorax were assessed in the first exam, and
abdomen and pelvis were covered in the second one, and head and neck in the third one,
respectively. In 2020, all necessary infection prevention measures according to the KDCA
guidelines were applied for all examinations, including maintaining the recommended
distance of 2 m between students and mandatory facemask wearing. The examination
contents and format were not different between 2019 and 2020: the lecture examinations
consisted of multiple-choice questions (MCQs) and short-answer questions. Students were
asked to write down the names of structures tied or pinned on the cadaver that they had
previously dissected during the dissection laboratory exam. The students were divided into
three groups, allowing 34-35 students in the examination room at the same time, donning
appropriate personal protective equipment, and observing 2 m social distancing guidelines.

The performance scores of cell biology

To determine whether baseline academic performance differences exist between the 2019
and the 2020 class, the grades for cell biology course were compared. Cell biology is a pre-
requisite course for anatomy learning and is taught in the second year of the pre-medical
course. Both the 2019 and the 2020 class students completed cell biology six months before
the anatomy course, that is, the second semester of 2018 and 2019, respectively. In both 2019
and 2020 class, the cell biology lectures were taught by the same lecturers using face-to-face
large group lectures, and the total class hours were 42 in 2018 and 36 in 2019. The student
assessment, including MCQs and short-answer questions, were compared between the 2019
and the 2020 class.

Participants

Students who took anatomy courses and completed all anatomy exams in 2019 and 2020 were
included in the study. Students who retook the anatomy lesson due to previous failures were
excluded. As a result, the scores 0f 104 students in the 2019 class and 108 students in the
2020 class were analyzed. The ratio of females to males did not reveal a significant difference
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between the two groups: 31.7%:78.3% (2019) vs. 37%:63% (2020) (P= 0.456). For the survey,
only the students who took anatomy classes in 2020 were invited.

Outcome measurement

The anatomy examination scores of the 2020 class, who studied anatomy via blended
learning, were compared with those of the 2019 class who were taught in traditional large
group lectures and cadaver dissections. The examination scores were compared by the
domains (lectures and dissection labs), test types (MCQs and short answer), total scores
including lecture and laboratory and MCQ scores by topics. The mean difficulty indices

of MCQ total and each topic scores were calculated using the formula: the number of
students answering each item correctly divided by the total number of students. The mean
discrimination indices were calculated for MCQs total and each topic scores as follows: (the
number of students answering each item correctly in the upper 27% group - the number of
students answering each item correctly in the lower 27% group)/(the number of students

in the upper 27% group + the number of students in the lower 27% group)/2. The mean
difficulty indices and discrimination indices of the total and each topic MCQ scores showed
similar ranges between 2019 and 2020 (Table 2). The mean difficult index and discrimination
index could not be calculated for the short-answer type items, but the content validity of
them was verified by a third person from the lectures of anatomy, and he confirmed no
significant difference between 2019 and 2020.

An online questionnaire survey was conducted to identify 1) students' preferred learning
methods between online and face-to-face classes; 2) the reasons for the students' preferred
learning approach; 3) the effect of online classes on learning, including factors that influence
students' self-learning, study time, self-directedness and engagement/interaction between
teachers and students; and 4) the influence of technical problems on learning. For items 1) and
2), multiple response options were provided. A five-point Likert scale was used to determine
the responses for 3) and 4): The Cronbach's alpha for them was 0.695 and 0.848, respectively.
An open-ended free text question was asked to solicit any comments and suggestions

for improvement in future online anatomy courses. After fully explaining there was no
disadvantage to not participating in the survey, students were notified of the questionnaire
link. A total of 76 students (70.4%) were surveyed. The survey was conducted anonymously.

Statistical analysis

The examination scores were converted into 100 points for each test type, problem type,
and part, and the results were compared using the Mann-Whitney U test using IBM SPSS 24
for Windows (IBM Corp., Armonk, NY, USA). The overall test scores were calculated with
weights for the class time for each portion. The sex difference between groups was tested
using the y? test, and a frequency analysis was conducted on the survey results.

Table 2. Difficulty index and discrimination index for the MCQ items

MCQ? items Difficulty index Discrimination index
Class 2020 Class 2019 Class 2020 Class 2019

Total scores 0.87 0.82 0.21 0.29
Limbs 0.88 0.80 0.29 0.45
Back 0.84 0.83 0.24 0.21
Thorax 0.94 0.92 0.15 0.19
Abdomen and pelvis 0.84 0.81 0.20 0.28
Head and neck 0.87 0.81 0.22 0.33

MCQ= multiple-choice question.
20ne single best answer.
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Ethics statement

This study was approved by the Korea University Institutional Review Board (Study approval
No. KUIRB-2020-0117-01). Only students who agreed to participate and submitted informed
consent were surveyed.

RESULTS

Academic achievements

Anatomy examination scores, including lecture and dissection laboratory, of the 2019 and
2020 classes were compared. The total mean examination scores, including the lecture and
dissection laboratory, were significantly higher in the 2020 class than in the 2019 class. In the
lecture examination, the 2020 class had significantly higher mean scores in the short-answer
type than the 2019 class, while there was no difference in the multiple-choice type questions.
The mean test scores of MCQ type questions in the thorax, abdomen and pelvis, and the head
and neck topics of the 2020 class were higher than those of the 2019 class, but no differences
were found in the limbs and back topics (Table 3). On the other hand, the average score of
cell biology in the 2020 class was slightly higher than that in the 2019 class, but it was not
statistically significant (Table 4).

Survey results

The majority of students who participated in the survey preferred online lectures over offline
lectures (online, 78.9%; offline, 21.1%) (Fig. 1A). Most of the students answered that they
could save more time during online classes (strongly agree, 65.8%; agree, 23.7%) (Fig. 1B),
and they used this saved time for self-directed learning (strongly agree, 35.5%; agree, 39.5%)
(Fig. 1B). There were several reasons for preferring the online class: The two most frequent

Table 3. Comparison of the examination scores between the 2020 and 2019 classes

Variables Class 2020 Class 2019 P value
Domain
Lecture 82.35+9.66 76.36 +13.01 <0.001
Dissection laboratory 68.44 £10.41 63.78 +£12.41 0.005
Total scores 76.79 £ 9.47 71.33 £12.19 <0.001
Test type
MCQs? 86.09 = 8.17 83.71+10.81 0.136
Short-answer 80.14 £10.73 71.88 +15.04 <0.001
MCQs® items by topics
Limbs 80.89 +13.60 81.20 +14.47 0.603
Back 85.07 £12.90 84.57 = 8.36 0.139
Thorax 95.02 £10.36 92.88 £ 9.59 0.001
Abdomen and pelvis 85.74 + 6.95 82.31 +11.69 0.043
Head and neck 87.67 + 8.78 83.24 +13.07 0.009

Data are presented as mean + standard deviation.
MCQs = multiple-choice questions.
20ne single best answer.

Table 4. Comparison of cell biology examination scores between the 2020 and 2019 classes

Variables Class 2020 Class 2019 Pvalue
MCQs® 91.78 + 7.41 92.67 +11.40 0.057
Short-answer 72.02 +19.22 71.86 + 17.66 0.773
Total 86.22 +10.44 83.43 £12.79 0.064

Data are presented as mean + standard deviation.
MCQs = multiple-choice questions.
20ne single best answer.
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A Preference of teaching methods in anatomy theory lecture
Online lecture 79%
Offline lecture 21%
0 20 40 60

No. of students

Online lecture provided more
preserved time which | can manage

| effectively used the preserved time
for self-directed learning

3 4 5
Likert scale

o
-
N

Fig. 1. The survey results on student preferences in learning and influences. (A) The students' preferences in
learning and (B) influence on their saved time and self-directed learning. Likert scale for (B); 5 = strongly agree,
4 = agree, 3 = neutral, 2 = disagree, 1 = strongly disagree.

responses were studying the recorded lecture videos repeatedly (76.3%) and reserving
more free time (60.5%). Additional reasons are documented in Fig. 2A. The students who
preferred face-to-face lectures regarded its advantages as improved concentration (93.8%)
and better accessibility of asking questions to teachers (56.3%) (Fig. 2B).

Similar positive responses to online anatomy learning appeared in the open-ended free-text
response. Students mentioned that online learning gave them opportunities to repeatedly
review the recorded lecture videos and tailor their learning at an individual pace to enhance
their self-directed studies ultimately. The students also stated that the lecture notes provided
in advance of classes helped them better understand and learn lecture contents.

Improvements suggested for the online class

Technical issues were the biggest challenge: 61.9% of the respondents reported Internet
network problems during online lectures. Fortunately, the network connection problems
did not significantly hinder students’ concentration on the lecture contents: Only 32.9%
of students said that they could not concentrate due to network problems. In addition,

we observed less communication and interaction between teachers and students than
expected. Less than 50% of students reported that they used either the chat window for the
synchronous online lectures or a Q/A discussion space for asynchronous online lectures
during the entire anatomy course.

DISCUSSION

In the authors' medical school, the anatomy course was forced to change from traditional
large group lectures and cadaveric dissection laboratories to blended anatomy courses,
including online lectures and flipped dissection laboratories due to the COVID-19 pandemic.
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A Reasons for preferring online lectures
Can see recorded lectures repeatedly 76.3%
Doesn't take going to school, and autonomous time increases 60.5%
Easy to review 57.9%
Can study according to my learning style 50.0%
Can concentrate better 40.8%
Self-directed learning is promoted 36.8%
Lecture content is clearly communicated 35.5%
Easy to ask questions
I T T T
0 20 40 60
No. of students
B Reasons for preferring offline lectures
Can concentrate better 19.7%
Easy to ask questions 11.8%
Hard to concentrate on online lectures due to poor internet connection 10.5%
Lecture content is clearly communicated 7.9%
Data usage fees for online lectures were burdensome 4 2.6%
Hard to include other teaching methods (presentation, discussion)
Cannot afford to buy laptop or tablet for online lecture
r T T T
0 20 40 60

No. of students

Fig. 2. Reasons for preferred teaching methods. (A) Online; (B) Offline. Multiple answers were allowed.

However, the course outcomes were higher than expected in student assessment and the
students' overall satisfaction on the course was also positive.

Our study results revealed that the anatomy achievement scores of the blended learning

group (the 2020 class) were higher than those of the traditional lecture one (2019 class). This
finding was consistent with some studies in anatomy that reported that the educational effect
of blended learning revealed higher or similar outcomes than conventional methods.1113 In
the detailed analysis of the examination scores, we discovered interesting outcomes. The

2020 class students showed a significant increase in examination scores of the short-answer
questions than in the MCQs. It is known that correctly solving short-answer questions requires
a better understanding of the contents than the MCQs.23,24 Therefore, we may assume that the
2020 class students acquainted a deeper understanding of the learning contents.

Another interesting finding was that the blended learning group demonstrated significantly
higher scores in the abdomen and pelvis, and head and neck topics compared to the 2019
classes. In our school, the previous students considered these organs notoriously difficult
to understand and learn, and they showed lower performance in these topics than in other
topics. Therefore, we may interpret that online or blended learning approaches positively
impact the students' performance in these topics. However, this difference in student
achievement may be derived from the reduced dissection laboratory hours in limb, back,
and thorax and the longer interval between lectures and dissection laboratory classes and
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examination in limb and back in the 2020 class. The other factor that might have affected the
different examination scores in topics of the abdomen and pelvis or head and neck was the
fact that lecture handouts were given in advance to the students in 2020 but not in 2019.

Most of the students who participated in the survey preferred online lectures for several
reasons. The online class made it possible for students to tailor their learning, save more
time for self-studying, easily access the course materials, and repeatedly study at their own
pace. Students replied that studying in their own desired learning environment helped them
enhance their concentration in the study. A previous study reported similar findings: There
was a positive correlation between the lecture video review rate and grades.2> The 2020
class's better achievements in anatomy compared to the 2019 class can be interpreted by the
increased opportunities for individualized tailored and self-directed learning through online
lectures and advanced distribution of course materials.

As the face-to-face anatomy laboratory was suspended, students were given assignments
according to the online lectures' progress, to study the dissection method using e-Anatomy®,
and the key structures using Complete Anatomy®. When the offline cadaver dissection
laboratory recommenced as new cases of COVID-19 reduced, students could use the
knowledge acquired through the assignment, and it helped students' hands-on anatomy
dissection laboratory skills and understanding of structures. Although we provided
e-Anatomy® in 2019 as well, the students rarely watched the videos before the dissection
laboratory. Although the authors did not intentionally design this sequence of learning, a
flipped learning effect was inadvertently occurring. Our students independently studied
anatomy by using multimedia homework during stage level 3 social distancing and then
conducted an offline anatomy laboratory in a condensed manner. The in-advance self-study
seemed to be helpful in understanding the anatomic structures and more effectively engaging
in the dissection laboratory.

There has been debate over the educational implications of cadaver dissection. With regard

to the acquisition of anatomy learning, previous studies have suggested various methods to
assist or replace cadaver-based learning.6.26:27 In contrast, other studies asserted that the
experience and knowledge acquired by hands-on cadaver dissection in anatomy laboratories
are invaluable.28,29 In addition, the cadaver dissection laboratory is the space where

medical students meet their first patient and this significantly affects students’ medical
professionalism.30-34 Furthermore, offline dissection laboratories can provide communication
between instructors and students to enhance teamwork among pupils, which can only partly
be accomplished in online classes. Our results indicate that flipped learning methods with
offline hands-on cadaver dissection have a positive impact on student achievement.

Despite the overall positive outcomes of online anatomy classes, the survey results helped the
authors identify several challenges required to improve in the future. Many students pointed
out Internet network errors as problems, as reported in a previous study.35 Although Internet
bandwidth speed in Korea is the second-fastest in the world,3¢ network connection problems
still exist. The other challenge we should solve was interactivity during class. In online
education, three types of interactions occur: learner-content interaction, learner-instructor
interaction, and learner-learner interaction.3” The interactions among students and between
students and teachers were not active even though chat windows and post-lecture discussion
rooms were provided through the LMS. A previous study also reported that student-teacher
interactions decreased in an online anatomy class.14 Because it is essential to facilitate
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student-teacher interactions in online classes,38 further efforts to improve interaction

and communication in online forums are needed. In some studies, using social network
services (SNS) such as Facebook and Twitter was helpful in understanding class content.39-41
Therefore, question-and-answer through SNS or chat room operation will help compensate
for the decreased student-teacher and student-student interactions.

There were some limitations to this study. First, this study showed that a blended learning
student group achieved significantly higher scores in their anatomy examinations than the
traditional learning groups. However, these findings were acquired by a cross-sectional
comparison of the two different year cohorts. A randomized controlled comparison using the
same year cohort might produce different results from the current ones. Second, the survey
questionnaire was not a previously validated instrument. Instead, the authors constructed
the questionnaire survey items for our specific purposes to identify the students’ perspectives
on online learning. Third, mean difficulty indices and mean discrimination indices of short
answer type questions or laboratory dissection test were not available. Therefore, we may
cautiously interpret the results from the short-answer type items.

In conclusion, a blended anatomy course forced by the COVID-19 pandemic presented its
educational outcomes in both academic achievement and students' satisfaction. In addition,
our findings provide supportive evidence for online education in promoting individual
tailored or self-directed learning. By taking advantage of the experience and lessons gained,
online anatomy courses adapting to the COVID-19 pandemic and continuous efforts to
reinforce students' self-directed learning in anatomy must be followed.

ACKNOWLEDGMENTS

We are grateful to Dr. Hyungsuk Shin, who contributed to the psychometric analysis of the survey.

REFERENCES

1. Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al. The socio-economic implications of
the coronavirus pandemic (COVID-19): a review. Int ] Surg 2020;78:185-93.
PUBMED | CROSSREF

2. UNESCO. Education: From disruption to recovery. https://en.unesco.org/covid19/educationresponse.
Updated 2020.

3. Rose S. Medical student education in the time of COVID-19. JAMA 2020;323(21):2131-2.
PUBMED | CROSSREF

4. Brassett C, Cosker T, Davies DC, Dockery P, Gillingwater TH, Lee TC, et al. COVID-19 and anatomy:
stimulus and initial response. | Anat 2020;237(3):393-403.
PUBMED

5. Byrnes KG, Kiely PA, Dunne CP, McDermott KW, Coffey JC. Communication, collaboration and
contagion: “Virtualisation” of anatomy during COVID-19. Clin Anat 2021;34(1):82-9.
PUBMED | CROSSREF

6. Iwanaga], Loukas M, Dumont AS, Tubbs RS. A review of anatomy education during and after the
COVID-19 pandemic: revisiting traditional and modern methods to achieve future innovation. Clin Anat
2021;34(1):108-14.
PUBMED | CROSSREF

7. Evans DJ, Bay BH, Wilson TD, Smith CF, Lachman N, Pawlina W. Going virtual to support anatomy
education: a STOPGAP in the midst of the Covid-19 Pandemic. Anat Sci Educ 2020;13(3):279-83.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.€13 10/12


http://www.ncbi.nlm.nih.gov/pubmed/32305533
https://doi.org/10.1016/j.ijsu.2020.04.018
http://www.ncbi.nlm.nih.gov/pubmed/32232420
https://doi.org/10.1001/jama.2020.5227
http://www.ncbi.nlm.nih.gov/pubmed/32628795
http://www.ncbi.nlm.nih.gov/pubmed/32648289
https://doi.org/10.1002/ca.23649
http://www.ncbi.nlm.nih.gov/pubmed/32681805
https://doi.org/10.1002/ca.23655
http://www.ncbi.nlm.nih.gov/pubmed/32277598
https://doi.org/10.1002/ase.1963
https://jkms.org

Anatomy Education and COVID-19

JKMS

https://jkms.org

8. Ministry of Health and Welfare. COVID-19 Government Countermeasures Meeting Briefing. Sejong: Ministry of
Health and Welfare; 2020.
9. Kim K]J, Bonk CJ, Oh E. The present and future state of blended learning in workplace learning settings in

the United States. Perform Improv 2008;47(8):5-16.
CROSSREF

10. Dziuban C, Graham CR, Moskal PD, Norberg A, Sicilia N. Blended learning: the new normal and
emerging technologies. Int ] Educ Technol High Educ 2018;15(1):3.
CROSSREF

11. PereiraJA, Pleguezuelos E, Meri A, Molina-Ros A, Molina-Tomas MC, Masdeu C. Effectiveness of using
blended learning strategies for teaching and learning human anatomy. Med Educ 2007;41(2):189-95.
PUBMED | CROSSREF

12. Green RA, Whitburn LY. Impact of introduction of blended learning in gross anatomy on student
outcomes. Anat Sci Educ 2016;9(5):422-30.
PUBMED | CROSSREF

13. Beale EG, Tarwater PM, Lee VH. A retrospective look at replacing face-to-face embryology instruction
with online lectures in a human anatomy course. Anat Sci Educ 2014;7(3):234-41.
PUBMED | CROSSREF

14. Attardi SM, Barbeau ML, Rogers KA. Improving online interactions: lessons from an online anatomy
course with a laboratory for undergraduate students. Anat Sci Educ 2018;11(6):592-604.
PUBMED | CROSSREF

15. Swinnerton BJ, Morris NP, Hotchkiss S, Pickering JD. The integration of an anatomy massive open online
course (MOOC) into a medical anatomy curriculum. Anat Sci Educ 2017;10(1):53-67.
PUBMED | CROSSREF

16. Topping DB. Gross anatomy videos: student satisfaction, usage, and effect on student performance in a
condensed curriculum. Anat Sci Educ 2014;7(4):273-9.
PUBMED | CROSSREF

17.  Saltarelli AJ, Roseth CJ, Saltarelli WA. Human cadavers vs. multimedia simulation: a study of student
learning in anatomy. Anat Sci Educ 2014;7(5):331-9.
PUBMED | CROSSREF

18. Attardi SM, Rogers KA. Design and implementation of an online systemic human anatomy course with
laboratory. Anat Sci Educ 2015;8(1):53-62.
PUBMED | CROSSREF

19. Mathiowetz V, Yu CH, Quake-Rapp C. Comparison of a gross anatomy laboratory to online anatomy
software for teaching anatomy. Anat Sci Educ 2016;9(1):52-9.
PUBMED | CROSSREF

20. Trelease RB. From chalkboard, slides, and paper to e-learning: How computing technologies have
transformed anatomical sciences education. Anat Sci Educ 2016;9(6):583-602.
PUBMED | CROSSREF

21. Kwon K, ParkJS, Shin BS. Virtual anatomical and endoscopic exploration method of internal human body
for training simulator. J Korean Med Sci 2020;35(12):€90.
PUBMED | CROSSREF

22. Kwon K, Chung MS, Park]JS, Shin BS, Chung BS. Improved software to browse the serial medical images
for learning. J Korean Med Sci 2017;32(7):1195-201.
PUBMED | CROSSREF

23. Funk SC, Dickson KL. Multiple-choice and short-answer exam performance in a college classroom. Teach
Psychol 2011;38(4):2737.
CROSSREF

24. Wilkinson T, Shaw H. Are spot test multiple choice questions easier to answer than short answer
questions? FASEB ] 2015;29(Suppl 1):344.1.

25. Nieder GL, Borges NJ. An eight-year study of online lecture use in a medical gross anatomy and
embryology course. Anat Sci Educ 2012;5(6):311-20.
PUBMED | CROSSREF

26. Sugand K, Abrahams P, Khurana A. The anatomy of anatomy: a review for its modernization. Anat Sci Educ
2010;3(2):83-93.
PUBMED | CROSSREF

27. HuM, Wattchow D, de Fontgalland D. From ancient to avant-garde: a review of traditional and modern
multimodal approaches to surgical anatomy education. ANZJ Surg 2018;88(3):146-51.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.€13 11/12


https://doi.org/10.1002/pfi.20018
https://doi.org/10.1186/s41239-017-0087-5
http://www.ncbi.nlm.nih.gov/pubmed/17269953
https://doi.org/10.1111/j.1365-2929.2006.02672.x
http://www.ncbi.nlm.nih.gov/pubmed/26929149
https://doi.org/10.1002/ase.1602
http://www.ncbi.nlm.nih.gov/pubmed/23959807
https://doi.org/10.1002/ase.1396
http://www.ncbi.nlm.nih.gov/pubmed/29493909
https://doi.org/10.1002/ase.1776
http://www.ncbi.nlm.nih.gov/pubmed/27315160
https://doi.org/10.1002/ase.1625
http://www.ncbi.nlm.nih.gov/pubmed/24106107
https://doi.org/10.1002/ase.1405
http://www.ncbi.nlm.nih.gov/pubmed/24415563
https://doi.org/10.1002/ase.1429
http://www.ncbi.nlm.nih.gov/pubmed/24920278
https://doi.org/10.1002/ase.1465
http://www.ncbi.nlm.nih.gov/pubmed/25903289
https://doi.org/10.1002/ase.1528
http://www.ncbi.nlm.nih.gov/pubmed/27163170
https://doi.org/10.1002/ase.1620
http://www.ncbi.nlm.nih.gov/pubmed/32233159
https://doi.org/10.3346/jkms.2020.35.e90
http://www.ncbi.nlm.nih.gov/pubmed/28581279
https://doi.org/10.3346/jkms.2017.32.7.1195
https://doi.org/10.1177/0098628311421329
http://www.ncbi.nlm.nih.gov/pubmed/22674561
https://doi.org/10.1002/ase.1289
http://www.ncbi.nlm.nih.gov/pubmed/20205265
https://doi.org/10.1002/ase.139
http://www.ncbi.nlm.nih.gov/pubmed/28922705
https://doi.org/10.1111/ans.14189
https://jkms.org

Anatomy Education and COVID-19

JKMS

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Franchi T. The impact of the Covid-19 pandemic on current anatomy education and future careers: a
student's perspective. Anat Sci Educ 2020;13(3):312-5.

PUBMED | CROSSREF

Jeyakumar A, Dissanayake B, Dissabandara L. Dissection in the modern medical curriculum: an
exploration into student perception and adaptions for the future. Anat Sci Educ 2020;13(3):366-80.
PUBMED | CROSSREF

Lachman N, Pawlina W. Integrating professionalism in early medical education: the theory and
application of reflective practice in the anatomy curriculum. Clin Anat 2006;19(5):456-60.

PUBMED | CROSSREF

Chang HJ, Kim HJ, Rhyu IJ, Lee YM, Uhm CS. Emotional experiences of medical students during cadaver
dissection and the role of memorial ceremonies: a qualitative study. BMC Med Educ 2018;18(1):255.
PUBMED | CROSSREF

D Souza A, Kotian SR, Pandey AK, Rao P, Kalthur SG. Cadaver as a first teacher: A module to learn the
ethics and values of cadaveric dissection. | Taibah Univ Med Sci 2020;15(2):94-101.

PUBMED | CROSSREF

Charlton R, Dovey SM, Jones DG, Blunt A. Effects of cadaver dissection on the attitudes of medical
students. Med Educ1994;28(4):290-5.

PUBMED | CROSSREF

Pearson S. Anatomy: beyond the COVID-19 pandemic. Acad Med 2020;95(11):e1.

PUBMED | CROSSREF

Al-Riyami S, Moles DR, Leeson R, Cunningham SJ. Comparison of the instructional efficacy of

an internet-based temporomandibular joint (TMJ) tutorial with a traditional seminar. Br Dent |
2010;209(11):571-6.

PUBMED | CROSSREF

IMD World Competitiveness Center. IMD world digital competitiveness ranking 2019. https://www.imd.org/
wee/world-competitiveness-center-rankings/world-digital-competitiveness-rankings-2019/. Updated 2019.
Moore MG. Editorial: three types of interaction. Am J Distance Educ1989;3(2):1-7.

CROSSREF

Rhim HC, Han H. Teaching online: foundational concepts of online learning and practical guidelines.
Korean | Med Educ 2020;32(3):175-83.

PUBMED | CROSSREF

Jaffar AA. Exploring the use of a Facebook page in anatomy education. Anat Sci Educ 2014;7(3):199-208.
PUBMED | CROSSREF

Hennessy CM, Kirkpatrick E, Smith CF, Border S. Social media and anatomy education: Using twitter to
enhance the student learning experience in anatomy. Anat Sci Educ 2016;9(6):505-15.

PUBMED | CROSSREF

Pickering JD, Bickerdike SR. Medical student use of Facebook to support preparation for anatomy
assessments. Anat Sci Educ 2017;10(3):205-14.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2021.36.€13 12/12


http://www.ncbi.nlm.nih.gov/pubmed/32301588
https://doi.org/10.1002/ase.1966
http://www.ncbi.nlm.nih.gov/pubmed/31168930
https://doi.org/10.1002/ase.1905
http://www.ncbi.nlm.nih.gov/pubmed/16683241
https://doi.org/10.1002/ca.20344
http://www.ncbi.nlm.nih.gov/pubmed/30419880
https://doi.org/10.1186/s12909-018-1358-0
http://www.ncbi.nlm.nih.gov/pubmed/32368204
https://doi.org/10.1016/j.jtumed.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/7861999
https://doi.org/10.1111/j.1365-2923.1994.tb02714.x
http://www.ncbi.nlm.nih.gov/pubmed/32639261
https://doi.org/10.1097/ACM.0000000000003567
http://www.ncbi.nlm.nih.gov/pubmed/21151070
https://doi.org/10.1038/sj.bdj.2010.1085
https://doi.org/10.1080/08923648909526659
http://www.ncbi.nlm.nih.gov/pubmed/32894921
https://doi.org/10.3946/kjme.2020.171
http://www.ncbi.nlm.nih.gov/pubmed/24022984
https://doi.org/10.1002/ase.1404
http://www.ncbi.nlm.nih.gov/pubmed/27059811
https://doi.org/10.1002/ase.1610
http://www.ncbi.nlm.nih.gov/pubmed/27806192
https://doi.org/10.1002/ase.1663
https://jkms.org

	Adaptations in Anatomy Education during COVID-19
	INTRODUCTION
	METHODS
	Adaptations of cadaver dissection laboratories in response to COVID-19
	Contents and class hours of anatomy lectures and cadaver dissection laboratories
	Student assessment
	The performance scores of cell biology
	Participants
	Outcome measurement
	Statistical analysis
	Ethics statement

	RESULTS
	Survey results
	Improvements suggested for the online class

	DISCUSSION
	REFERENCES


