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INTRODUC TION

Human anatomy is fundamental knowledge for medical students. 
Anatomy courses of medical students usually include comprehen-
sive lectures in lecture halls and complete dissection of human 

bodies in laboratories (Gangata et al., 2010; Akinola, 2011). In par-
ticular, “hands-on” dissection experience is important for medical 
students preparing to become surgeons to acquire surgical skills for 
future clinical practice (O'Leary et al., 2019; Li et al., 2020; Kim et al., 
2021a). The first Covid-19 case in Taiwan was reported in January 
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Abstract
Due to the Covid-19 pandemic, National Taiwan University anatomy teachers adopted 
asynchronous online video teaching and reduced the size of anatomy laboratory 
groups in April 2020. The aim of this study was to investigate the impact of these 
changes on medical students’ learning. Before Covid-19, the performance of the 2019–
2020 cohort was significantly better than that of the 2018–2019 cohort. However, 
the implementation of modified teaching strategies significantly lowered the labora-
tory midterm score of the 2019–2020 cohort in the second semester. Conversely, 
the final laboratory examination score of the 2019–2020 cohort was significantly 
higher than that of the 2018–2019 cohort. Through correlation analysis, lecture and 
laboratory examination scores were highly correlated. Additionally, the difference in 
lecture and laboratory z-scores between two cohorts, the Likert scale survey and 
free-text feedback of the 2019–2020 cohort, were conducted to show the impact 
of modified teaching strategies. There were several important findings in this study. 
First, the change in teaching strategies may temporarily negatively influence medical 
students to learn anatomy. Besides, analyzing the performance of laboratory assess-
ments could be a complementary strategy to evaluate online assessments. Applying 
lecture examination scores to predict laboratory performance was a feasible way to 
identify students who may have difficulty in learning practical dissection. Finally, re-
ducing group size together with reduced peer discussion may have a negative effect 
on learning cadaver dissection for students with low academic performance. These 
findings should be taken into consideration when anatomy teachers apply new teach-
ing strategies in anatomy courses.
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2020, and learning practices had to be altered to follow Taiwan 
Centers for Disease Control guidelines (<60 people in a laboratory 
and a requirement to wear a mask) during the Covid-19 pandemic 
(Liu et al., 2020; Cheng & Huang, 2021). Inevitable changes in teach-
ing anatomy were reported to have influence on medical students’ 
learning during the Covid-19 pandemic (Evans et al., 2020; Pather 
et al., 2020; Cheng et al., 2021). Therefore, medical students in 
Taiwan may also be affected in learning anatomy with the implemen-
tation of modified teaching strategies under the constrictions of the 
Covid-19 pandemic.

Many universities adopted remote learning and online educa-
tion to teach anatomy to medical students during the Covid-19 pan-
demic (Franchi, 2020; Longhurst et al., 2020; Pather, et al., 2020; 
Srinivasan, 2020). Blended learning, comprised of online and tradi-
tional teaching, could result in better student outcomes than tradi-
tional face-to-face teaching in gross anatomy courses (Pyatt & Sims, 
2012; Green et al., 2018; Barash et al., 2021; Harrell et al., 2021; 
Zarcone & Saverino, 2022). However, replacing traditional gross 
anatomy teaching with completely remote learning remains con-
troversial due to the lack of interpersonal interaction (Gillett-Swan, 
2017; Pather, et al., 2020). Therefore, third-year medical students 
at National Taiwan University (NTU) at the onset of the Covid-19 
pandemic in 2020 who experienced traditional lecture learning and 
remote online learning in anatomy courses provided an opportunity 
to evaluate the pros and cons between traditional and online learn-
ing in anatomy education.

The Covid-19 pandemic influenced not only teaching and learn-
ing, but also assessments of gross anatomy (Elzainy et al., 2020). 
Previous studies documented an academic integrity issue regard-
ing online anatomy lecture assessments, such as cheating (Ikram 
& Rabbani, 2021; Meulmeester et al., 2021). Therefore, anatomy 
teachers require another academic performance index to validate 
the results of online lecture assessment. Fortunately, at the NTU, 
conventional strategies of anatomy lecture and laboratory assess-
ments were able to maintain proper social distancing to meet the 
Taiwan Centers for Disease Control guidelines during the pandemic 
(Cheng & Huang, 2021), so both anatomy assessments in the 2018–
2019 and 2019–2020 academic years were performed in the same 
way. Hence, analyzing the correlation between the results of lab-
oratory and lecture assessments may provide a complementary 
evaluation of online lecture assessments of medical students during 
Covid-19.

Anatomy courses for medical students usually comprise didactic 
lectures and laboratory cadaver dissections. The schedules of lec-
ture and laboratory courses vary from school to school, and there 
are two main types: (1) cadaver dissection is related to the content 
of each lecture (Holland et al., 2021; Koop et al., 2021); and (2) ca-
daver dissection only begins following the delivery of the entire lec-
ture series (Huynh et al., 2021). In Taiwan, these two arrangements 
are applied at different medical schools. For example, the School 
of Medicine at NTU and post-baccalaureate medicine at Kaohsiung 
Medical University apply the former schedule, while the School of 
Medicine at National Yang-Ming Chiao-Tung University and I-Shou 

University use the latter method. No matter the type, anatomy lec-
ture courses are given before practical dissection. Therefore, stu-
dents’ laboratory academic performance may be predicted by their 
anatomy lecture examination scores.

Medical students were divided into several groups (14–15 stu-
dents in each group) for dissecting cadavers and peer discussion 
during the dissection class prior to the Covid-19 pandemic. Hence, 
the anatomy learning method at the NTU is similar to team-based 
learning (TBL) (Chang et al., 2019). According to previous studies, 
peer interaction is important in TBL and flipped classroom teaching 
strategies (Vasan et al., 2011; Cheng et al., 2017; Sultan, 2018). Also, 
peer-assisted learning in a dissection course was reported to help 
students understand and retain anatomical knowledge and have 
better academic performance (Han et al., 2015). Nevertheless, the 
Covid-19 pandemic disrupted medical students’ access to the dis-
section room (Franchi, 2020; Pather, et al., 2020). A recent study re-
ported that loss of access to cadaver dissection decreased students’ 
academic performance in learning anatomy (Tucker & Anderson, 
2021). To avoid this issue at the NTU, we divided the laboratory 
groups into many smaller groups (four students in each group) to 
preserve practical cadaver dissection and to meet the restriction 
of <60 individuals allowed in the laboratory at one time. Therefore, 
students in 2019–2020 at the NTU may have encountered reduced 
peer discussion due to smaller group size during cadaver dissection.

The size of the dissection group is dependent on many factors, 
such as student number and cadaver availability. According to previ-
ous studies, group sizes ranged from 4 to 75 students per group and 
were mostly 6–8 students per group (Bentley & Hill, 2009; Evans & 
Cuffe, 2009; Han, et al., 2015; Nwachukwu et al., 2015; Rowland & 
Joy, 2015; Burgess et al., 2016). The optimal TBL group size has been 
reported to be about 5–7 members per group, and team size was 
suggested to be a predictor of team performance (Thompson et al., 
2015). However, few studies have discussed the effect of group size 
on learning anatomy laboratory dissection. In addition, several dis-
advantages of TBL have been documented: a few students did all 
the work, team members did not listen to individual opinions, and 
high-functioning individuals competed for alpha rank within a team, 
which diminished team cohesion in medical education (Swaab et al., 
2014; Thompson, et al., 2015; Khansari & Coyne, 2018). Additionally, 
a previous report indicated that some students may not cooperate 
with other team members very well in TBL (Thompson, et al., 2015). 
Therefore, feedback from NTU medical students from the 2019–
2020 academic year, who experienced both larger and smaller group 
sizes, may provide a clue to understand the effect of different group 
sizes on anatomy education.

In this report, the anatomy academic performance of two cohorts 
of third-year medical students from 2018–2019 and 2019–2020 and 
the medical students’ perception in the 2019–2020 cohort were 
collected to explore the influence of modified teaching strategies 
on anatomy learning during the Covid-19 pandemic. These themes 
were investigated by analyzing examination scores with different 
strategies. A Likert scale survey and free-text feedback via question-
naire were used to explore (1) the influence of remote learning on 



    |  3CHANG et al.

dissection guide and practical dissection learning in the laboratory; 
(2) the impact of dividing laboratory groups into smaller groups on 
learning cadaver dissection; (3) the feasibility of accessory strategies 
to evaluate the lecture academic performance of medical students; 
and (4) the prediction of low-performing students on laboratory via 
lecture assessments.

MATERIAL S AND METHODS

The gross anatomy course at the National Taiwan 
University before Covid-19

The academic year at NTU was divided into two semesters: 
September to January and February to June. Third-year medical stu-
dents studied gross anatomy over two semesters in one academic 
year. The gross anatomy course included systematic anatomy, which 
introduces an overview of the skeletal, muscular, cardiovascular, and 
nervous systems from September to November. In each academic 
year, about 150–160 medical students learned anatomy at lecture 
courses in a big classroom without assigned seats, and they di-
vided themselves into 11 groups for the anatomy laboratory course  
(14–15 students/group). Systematic anatomy was allocated as 
22 hours for lecture courses and 22 hours for laboratory courses. After 
each lecture unit, the students had laboratory courses in which they 
were taught systematic anatomical structures by studying the gen-
eral anatomy term lists organized by the anatomy teachers via human 
skeleton specimens and plastic human models. After completing the 
course, the students took the first semester midterm test to assess 
their understanding of the basic structures of the human body.

The first semester midterm test included both the systematic 
anatomy lecture and laboratory examinations. To separate each 
student by 1–2 empty seats, the students were arranged in 2–3 
classrooms for the lecture examination. The question types of this 
examination included simple multiple-choice questions and match-
ing questions. The total number of lecture questions was about 
50–60, depending on the anatomy teachers. The questions of the 
systematic anatomy laboratory examination were to label a skeleton 
specimen and plastic human models, and there were 34 laboratory 
questions. Each student was instructed to remain 1.5–5 meters away 
from the next student. Each student completed the system anatomy 
laboratory examination from the first station to the last, and they 
spent 30 secends at each station.

After the first semester midterm test, the students began to 
study regional anatomy, which included lectures and cadaver dissec-
tion at the laboratory from November to June. Regional anatomy 
was allocated into 78 hours for lecture courses and 135 hours for 
laboratory dissection. Each group of medical students (based on the 
number of students, about 14–15 per group) had a cadaver for dis-
section (in total, 11 cadavers were used). At the beginning of the 
cadaver dissection, the students learned how to manipulate surgical 
instruments and visited the family of their “silent teacher” to show 
their appreciation and learn medical humanity. The comprehensive 

regional anatomy lectures introduced 15 body regions: the upper 
limbs, thorax, abdomen, pelvis, perineum, neck, face, back, cranial 
cavity, orbit, infratemporal region, pharynx, larynx, oral cavity, ear, 
and lower limbs (Figure 1A). Each anatomical region was allocated 
2–8 hours for delivering lectures and 20–60 minutes for guiding the 
dissection in the classroom and 2–10 hours for practical dissection 
in the laboratory. To ensure every student had the same opportu-
nity for dissection, each group arranged a rotating roster, includ-
ing 4–6 students as operators and the others as observers. In this 
way, all students took turns performing the dissection. About 10–
15 minutes before the end of each dissection, the anatomy teachers 
suggested that each group conducted a peer discussion to review 
the dissection procedures, identifying the features and depth of 
anatomical structures and recognizing the paths of specific nerves, 
vessels, and muscles. During the peer discussion, the operating stu-
dents and observing students could exchange dissection and ob-
servational information. Reviews were regularly arranged until the 
change in teaching strategy after Covid-19. Assessments of regional 
anatomy included the first semester final examination, the second 
semester midterm, and the second semester final examination. The 
regional anatomy examination also consisted of lecture and labora-
tory examinations. The question types of the regional anatomy lec-
ture assessment included simple multiple-choice questions, fill in the 
blank questions, and matching questions. The total number of lec-
ture questions was about 60–80, which depended on the anatomy 
teachers. The seating arrangement for regional lecture examinations 
was the same as that for the systematic lecture examinations. The 
regional laboratory examinations were carried out in a similar way as 
the systematic laboratory examinations, except that the questions 
were prepared on whole cadavers or organs from cadavers without 
images, and the total number of questions was about 34 (Figure S1). 
The lecture and laboratory questions of the final examinations were 
not cumulative with the contents of the midterm assessment.

Modified teaching strategy during Covid-19

National Taiwan University announced rules for teaching during 
the Covid-19 pandemic, and the anatomy teachers adopted alter-
native strategies to avoid having too many students (< 60 persons 
and required mask wearing) in the classroom or laboratory at the 
same time. The modified strategies for the regional anatomy lec-
tures, the dissection guide lectures, and the laboratory cadaver 
dissections included: (1) asynchronous online videos to replace 
face-to-face regional lecture teaching in the classroom; (2) asyn-
chronous online videos to introduce the dissection guide before 
dissection; (3) dividing each team into smaller groups (four  stu-
dents in each group were operators) and setting a rotating roster, 
wherein each smaller group had 2 hours for laboratory dissection 
without observers to give every student an equal opportunity for 
hands-on cadaver dissection; and (4) the original time for teach-
ing the regional anatomy lecture courses and the dissection guide 
lecture courses were re-allocated as regional anatomy laboratory 
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time. The students who did not participate in the dissection were 
instructed to review the regional anatomy lecture, the dissection 
guide lecture, and Grant’s dissection videos (Grant’s Dissector 
Watch & Learn Videos) provided with Grant’s Dissector (Detton, 
2016, 2020) via asynchronous online platform. These modified 
strategies began on April 6, 2020 and continued until the end of 
the second semester of the 2019–2020 course (Figure 1B). The 
medical students in the 2019–2020 cohort experienced traditional 

anatomy teaching in systematic anatomy and regional anatomy 
from the upper limbs to the back. From April 6, 2020, medical stu-
dents in the 2019–2020 cohort learned regional anatomy from the 
cranial cavity to the lower limbs via these modified strategies. The 
process of the regional lecture and the laboratory examinations in 
the 2018–2019 and 2019–2020 cohorts was the same even after 
Covid-19. The only difference between the two cohorts was that 
everyone had to wear masks in the 2019–2020 cohort.

F I G U R E  1  Schema of the gross anatomy course in the 2018–2019 and 2019–2020 academic years. The gross anatomy course for third-
year medical students at National Taiwan University consists of units on systematic anatomy (black bar) and regional anatomy (blue bar). The 
midterm of the first semester (white triangle) evaluated the students’ academic performance in systematic anatomy. The final examination 
of the first semester (black triangle) evaluated the students’ academic performance on upper limb, thorax, abdomen, pelvis, and perineum 
regional anatomy. The midterm of the second semester (green triangle) evaluated the students’ academic performance on neck, face, back, 
cranial cavity, and orbit regional anatomy. The final examination of the second semester (orange triangle) evaluated the students’ academic 
performance on infratemporal region, pharynx and larynx, oral cavity, ear, and lower limb regional anatomy. The modified teaching strategies 
(red frame) were implemented from April 6, 2020 to the end of the second semester. The assessment strategy was the same in the two 
cohorts. (A) In the 2018–2019 academic year, anatomy courses were delivered by traditional teaching; (B) In the 2019–2020 academic 
year, anatomy courses were taught by traditional teaching and modified teaching; (C) The difference in z-score represented the change of 
academic performance from pre-Covid-19 to post-Covid-19
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Analysis of the academic performance of the 2018–
2019 and 2019–2020 cohorts

Because there was no difference in the teaching strategy of sys-
tematic anatomy between the 2018–2019 and 2019–2020 cohorts, 
and the curriculum of systematic anatomy was different from that 
of regional anatomy, the authors collected the scores of the re-
gional anatomy examination including the final examination score 
of the first semester and the midterm and final examination scores 
of the second semester of the 2018–2019 cohort (n = 150, third-
year students, 20–24 years old, male/female ratio = 2.65) and the 
2019–2020 cohort (n = 156, third-year students, 20–24 years old, 
male/female ratio = 2.62) to evaluate the influence of these modi-
fied teaching strategies during the Covid-19 pandemic on academic 
performance in learning regional anatomy. Because the regions 
covered in each examination were different, z-scores were used to 
elucidate the students’ academic performance in learning anatomy 
to avoid any bias between different examinations (Ruijsbroek et al., 
2015; Simmerman et al., 2018). The difference in z-score was docu-
mented to measure the change in each student’s academic perfor-
mance in each cohort (Coelho et al., 2019). Therefore, the change 
in academic performance was evaluated by the difference in z-
score between the pre-Covid-19 and post-Covid-19 examinations 
(Figure 1C). The z-score of the final examination of the first semester 
(the first regional examination) for individual students was used as 
the baseline academic performance pre-Covid-19. The difference in 
the z-score of academic performance was defined as the z-score of 
the midterm (pre-Covid-19 and post-Covid-19) and the final exami-
nation (post-Covid-19) of the second semester minus the baseline 
z-score (pre-Covid-19). The difference in z-score represented either 
improved (a positive value) or decreased (a negative value) academic 
performance from pre-Covid-19 to post- Covid-19. Then, according 
to the standard used by the College Entrance Examination Center 
in Taiwan, students in the two cohorts were divided into six groups 
based on their final examination scores from the first semester. The 
subgroups were highest group (score ≥88%), upper first quartile 
group (88% > score ≥75%), upper median group (75% > score ≥50%), 
lower median group (50% > score ≥25%), lower third quartile group 
(25% > score ≥12%), and lowest group (score <12%). The data on the 
examination scores and the difference in z-scores were described as 
mean ± standard deviation (SD) and were analyzed using student’s 
t-test and Cohen’s d to measure the statistical significance and effect 
size, respectively.

The methodology of qualitative evaluation

To understand the students’ perception of the change in teaching 
strategy after Covid-19, an anonymous questionnaire (Table S1) was 
designed in three parts, including: (1) the student’s grades in two 
semesters of gross anatomy; (2) a ten-point Likert scale survey for 
qualitative analysis of the teaching changes; and (3) free text for 
students to describe their opinions about the teaching changes and 

the benefits of peer discussion. The reason for including the stu-
dents’ grade points was to explore differences in the Likert scale 
responses and comments about the teaching change between the 
six academic performance subgroups. All questions were designed 
by the anatomy teachers (M.F.C., M.L.L) and verified by the medical 
educator (C.C.Y.)

To avoid the effect of the power of teacher’s authority, teach-
ing assistants invited students in the 2019–2020 cohort to fill in the 
anonymous questionnaire in the next semester (the first semester 
of the 2020–2021 academic year) at the end of the second semes-
ter of the 2019–2020 academic year. Furthermore, to increase the 
willingness of medical students to participate in this study, each 
student who completed the questionnaire was compensated with 
USD $8.00. As a result, 98  medical students participated in the 
questionnaire investigation. This study was ethically approved by 
the Research Ethics Committee of the National Taiwan University.

The ten-point Likert scale survey in the second part of the ques-
tionnaire was designed to quantitate students’ agreement on four 
topics: (1) the change in teaching the anatomical dissection guide via 
asynchronous online learning; (2) small groups for anatomical dis-
section; (3) rotating practical dissection at different times; and (4) 
the influence of losing peer discussion. All questions were designed 
by the anatomy teachers (M.F.C., M.L.L) and verified by the medical 
educator supervisor (C.C.Y.).

The analysis of the ten-point Likert scale survey was presented 
via a horizontal bar graph, and the Cronbach’s alpha test was con-
ducted to measure the reliability of the survey. The Likert scale 
scores were analyzed using student’s t-test and Cohen’s d to measure 
the statistical significance and effect size, respectively. All statistical 
analyses were conducted using SPSS statistical package, version 26 
(IBM Corp., Armonk, NY), Prism 6  software (GraphPad Software 
Inc., San Diego, CA), and RStudio desktop application (RStudio Inc., 
Boston, MA). The statistical significance was set at P < 0.05.

The qualitative survey of free-text feedback from students was 
conducted to thematically ascertain the students’ perception of the 
modified teaching strategies during the Covid-19 pandemic (Table 
S2). Three issues were selected to investigate students’ perceptions: 
(1) the perception of asynchronous online learning was ascertained 
with the question: “What do you think about replacing traditional 
face-to-face teaching with an asynchronous online video for the 
laboratory dissection guide?”; (2) the perception of dividing labo-
ratory groups into smaller ones in learning cadaver dissection was 
ascertained with the question: “What do you think about medical 
students being grouped into many smaller groups (four students 
per group) to conduct dissection at different times?”; and (3) the 
perception of lacking peer discussion due to the smaller group size 
was ascertained with the question: “What do you think about peer 
discussion being necessary and beneficial for learning cadaver dis-
section?” The students were encouraged to write down comments 
about the abovementioned three questions. The written feedback 
was analyzed line by line by two authors (M.F.C. and M.L.L.) using 
an inductive approach of thematic analysis that relies on inductive 
reasoning with themes and subthemes emerging from students’ 
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comments (Braun & Clarke, 2006). If there was any disagreement, a 
consultation with the senior author (C.C.Y.) was requested to reach 
an agreement.

RESULTS

Defining the baseline academic performance before 
Covid-19

The first semester of the 2019–2020 academic year was before 
the Covid-19 pandemic, so there was no difference in the teaching 
strategy or assessment process between the 2018–2019 academic 
year and the first semester of the 2019–2020 academic year. To 
evaluate the change in students’ academic performance in learn-
ing anatomy between pre-Covid-19 and post-Covid-19, an appro-
priate baseline of student academic performance pre-Covid-19 
needed to be defined. Therefore, students’ examination scores 
on systematic anatomy and regional anatomy were compared be-
tween the two cohorts (Table 1). There was a significant differ-
ence between the lecture midterm and final examination scores 
of the first semester (86.49 ± 12.34 vs. 80.96 ± 12.62; P < 0.001; 
Cohen's d = 0.44) in the 2019–2020 cohort. In addition, there was 
a significant difference between the laboratory midterm and final 
examination scores of the first semester in the 2018–2019 cohort 
(84.56  ±  15.36 vs. 61.12  ±  19.71; P  <  0.001; Cohen's d  =  1.33) 
and the 2019–2020 cohort (89.89  ±  13.83 vs. 66.21  ±  20.65; 
P < 0.001; Cohen's d = 1.35). These results showed that the ex-
amination scores of systematic anatomy were significantly higher 
than those of regional anatomy within the same cohort, suggest-
ing that the examination scores of systematic anatomy could not 

be used as a baseline. Because the modified strategies of anatomy 
teaching began for regional anatomy in the second semester and 
the examination scores of systematic anatomy were different from 
those of regional anatomy, the final examination scores of the first 
semester may be appropriate as the baseline academic perfor-
mance before Covid-19 to evaluate the difference in academic 
performance after Covid-19.

In addition, the examination scores of the 2019–2020 cohort, 
as shown in Table 1, were significantly higher than those of the 
2018–2019 cohort in midterm lecture scores (86.49  ±  12.34 vs. 
77.57  ±  15.75; P  <  0.001; Cohen's d  =  0.63), midterm labora-
tory scores (89.89 ± 13.83 vs. 84.56 ± 15.36; P < 0.001; Cohen’s 
d  =  0.36), final examination lecture scores (80.96  ±  12.62 vs. 
77.89 ± 15.41; p = 0.029; Cohen’s d = 0.21), and final examina-
tion laboratory scores (66.21 ± 20.65 vs. 61.12 ± 19.71; P = 0.014; 
Cohen’s d = 0.25). These results showed that the academic per-
formance of the 2019–2020 cohort was better than that of the 
2018–2019 cohort, indicating that it would be inappropriate to 
directly compare the examination scores of these two cohorts to 
evaluate the influence of modified teaching strategies during the 
Covid-19 pandemic.

Change in examination scores of regional anatomy 
between the 2018–2019 and 2019–2020 cohorts

A straightforward method to evaluate the influence of modified 
teaching strategies during the Covid-19 pandemic was to compare 
the students’ examination scores of the 2019–2020 cohort pre-
Covid-19 with those post-Covid-19. Because the units covered 
in three regional anatomy examinations were different, the final 

TA B L E  1  Examination scores of the first semester between the 2018–2019 and the 2019–2020 cohorts before Covid-19

Cohort year/Type of examination/Student 
numbers (n)

Midterm examination Mean 
% (±SD)

Final examination Mean 
% (±SD)

Systematic anatomy versus 
regional anatomy

P-value Cohen's d

Lecture score

2018–2019 cohort (150) 77.57 (±15.75) 77.89 (±15.41) 0.859 0.02

2019–2020 cohort (156) 86.49 (±12.34) 80.96 (±12.62) <0.001 0.44

Comparison of 2018–2019 versus 2019–2020 lecture scores

P-value <0.001 0.029

Cohen's d 0.63 0.21

Laboratory score

2018–2019 cohort (150) 84.56 (±15.36) 61.12 (±19.71) <0.001 1.33

2019–2020 cohort (156) 89.89 (±13.83) 66.21 (±20.65) <0.001 1.35

Comparison of 2018–2019 versus 2019–2020 laboratory scores

P-value <0.001 0.014

Cohen's d 0.36 0.25

Note: P-value <0.05: Significant difference. Effect sizes: negligible (Cohen's d < 0.2); small (0.2 ≤ Cohen's d < 0.5); medium (0.5 ≤ Cohen's d < 0.8); 
large (0.8 ≤ Cohen's d).
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examination scores of the first semester were compared with the 
midterm and final examination scores of the second semester sep-
arately in the 2018–2019 and 2019–2020 cohorts to understand 
whether different units covered in the examinations influenced 
the students’ examination scores (Table 2). The midterm scores of 
the second semester were significantly higher than the final exam-
ination scores of the first semester for the lecture (92.12 ± 7.40 
vs. 77.89  ±  15.41; P  <  0.001; Cohen’s d  =  1.18) and laboratory 
examinations (75.76 ± 17.02 vs. 61.12 ± 19.71; P < 0.001; Cohen’s 
d  =  0.79) in the 2018–2019 cohort. A similar trend was ob-
served in the 2019–2010 cohort in the lecture (91.59 ± 7.71 vs. 
80.96 ± 12.62; P < 0.001; Cohen's d = 1.02) and laboratory ex-
aminations (69.50  ±  14.31 vs. 66.21  ±  20.65; P  =  0.03; Cohen’s 
d  =  0.18). Furthermore, a similar trend was observed that the 
laboratory final examination scores for the second semester were 
significantly higher than those of the first semester in both the 
2018–2019 cohort (66.05  ±  19.64 vs. 61.12  ±  19.71; P  =  0.03; 
Cohen’s d = 0.25) and the 2019–2010 cohort (70.61 ± 18.38 vs. 
66.21 ± 20.65; P = 0.04; Cohen’s d = 0.22). These data indicated 
that different anatomy units may influence the examination scores 
of medical students in both the anatomy lecture and laboratory 
examinations. Therefore, directly comparing the students’ exami-
nation scores of the 2019–2020 cohort pre-Covid-19 with those 
post-Covid-19 would not be appropriate.

To avoid the influence of different units, the examination 
scores of the same units between the 2018–2019 and 2019–2020 
cohorts were compared. Before Covid-19, the lecture final exam-
ination score of the first semester in the 2019–2020 cohort, as 
shown in Table 2, was higher than that of the 2018–2019 cohort 
(80.96 ± 12.62 vs. 77.89 ± 15.41; P = 0.029; Cohen’s d = 0.21). 
A significant difference was also observed for the laboratory 
final examination scores of the first semester between the 2019–
2020 and 2018–2019 cohorts (66.21 ± 20.65 vs. 61.12 ± 19.71; 
P = 0.014; Cohen's d = 0.25).

Furthermore, there was no difference in the lecture midterm 
scores between the cohorts (91.59  ±  7.71.65 vs. 92.12  ±  7.40; 
P = 0.27; Cohen’s d = 0.06). In the laboratory midterm of the sec-
ond semester, the trend was reversed. The laboratory score of the 
second semester in the 2019–2020 cohort was significantly lower 
than that in the 2018–2019 cohort (69.50 ± 14.31 vs. 75.76 ± 17.02; 
P < 0.001; Cohen's d = 0.39). In the final examination of the second 
semester, the lecture and laboratory scores of the 2019–2020 co-
hort were significantly higher than those of the 2018–2019 cohort 
(lecture: 82.21 ± 12.53 vs. 79.40 ± 11.17; P = 0.02; Cohen’s d = 0.23; 
laboratory: 70.61  ±  18.38 vs. 66.05  ±  19.64; P  =  0.018; Cohen's 
d = 0.24). These results showed that the performance trend of the 
midterm lecture and laboratory examinations of the second semes-
ter between the two cohorts was opposite to the other examina-
tions. Since the midterm of the second semester in the 2019–2020 
cohort happened during the time that modified teaching strategies 
during the Covid-19 pandemic started to be implemented, these re-
sults suggested that asynchronous online learning and smaller group 
dissections may influence student performance.

The influence of asynchronous online teaching on 
learning lecture courses of anatomy

Previous studies have documented the pros and cons of online 
assessments in medical education (Elsalem et al., 2021; Ikram & 
Rabbani, 2021; Meulmeester, et al., 2021; Sadeesh et al., 2021). 
Because face-to-face laboratory dissections and the procedure of 
laboratory assessments at the NTU after Covid-19  remained the 
same as those before Covid-19, laboratory performance could be 
used to evaluate the students’ lecture performance to validate the 
results of the online lecture assessment. To evaluate the feasibil-
ity, Pearson correlation analysis between the lecture examination 
scores and laboratory examination scores in the 2018–2019 and 
2019–2020 cohorts was conducted (Table 3). The results showed 
that the laboratory examination scores were significantly correlated 
with lecture examination scores, suggesting that laboratory exami-
nation scores may provide complementary information to under-
stand the lecture academic performance of the students, and the 
laboratory final examination scores of the first semester could be 
a good subgroup index for investigating the effect of online lecture 
teaching after Covid-19.

A previous study adopted the difference in z-scores to quanti-
tate the change in students’ academic performance due to differ-
ent teaching strategies (Coelho, et al., 2019). In the current study, to 
evaluate the effect of modified teaching strategies after Covid-19, 
the difference in the lecture z-score, which represented the midterm 
and final examination z-scores in the second semester minus the final 
examination z-score in the first semester, was used. First, the labo-
ratory final examination scores of the first semester were used to 
group the students into six subgroups as described above. Then, the 
difference in the lecture z-scores of individual students was shown 
to measure the change in lecture academic performance after the 
implementation of modified teaching strategies during the Covid-19 
pandemic (Table 4). There was no significant difference between the 
difference in the z-score of the midterm and final examination (mid-
term: 0.25 ± 1.69 vs. 0.074 ± 1.19; P = 0.35; Cohen’s d = 0.12; final 
examination: 0.55 ± 1.13 vs. 0.23 ± 0.69; P = 0.16; Cohen's d = 0.33) 
in the second semester between the 2018–2019 and 2019–2020 
cohorts in the lowest group (laboratory score <12%). Similar trends 
were observed in the third quartile group (25% > laboratory score 
≥12%), the upper median group (75% > laboratory score ≥50%), the 
upper first quartile group (88% > laboratory score ≥75%), and the 
highest group (laboratory score ≥88%) (Table 4). There was no sig-
nificant difference in the difference of z-scores of the midterm and 
final examinations in the second semester between the 2018–2019 
and 2019–2020 cohorts in the third quartile group (0.39 ± 0.81 vs. 
0.04 ± 1.16; P = 0.13; Cohen's d = 0.34; 0.06 ± 0.79 vs. 0.05 ± 1.22; 
P = 0.49; Cohen’s d < 0.01), the upper median group (−0.09 ± 0.50 
vs. −0.16  ±  0.57; P  =  0.27; Cohen’s d  =  0.13; −0.10  ±  0.76 vs. 
−0.11 ± 0.60; P = 0.46; Cohen’s d = 0.02), the upper first quartile 
group (−0.21 ± 0.35 vs. −0.29 ± 0.49; P = 0.28; Cohen’s d = 0.18; 
−0.09  ±  0.43 vs. −0.23  ±  0.68; P  =  0.21; Cohen’s d  =  0.25), and 
the highest group (−0.35 ± 0.33 vs. −0.13 ± 0.52; P = 0.07; Cohen's 
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d = 0.49; −0.15 ± 0.46 vs. −0.13 ± 0.51; P = 0.45; Cohen's d = 0.03). 
Nevertheless, in the lower median group (50% > laboratory score 
≥25%), the difference in z-scores in the 2019–2020 cohort was sig-
nificantly increased in the midterm scores of the second semester 

(0.04 ± 0.64 vs. 0.33 ± 0.66; P = 0.03; Cohen's d = 0.44) but showed 
no difference in the final examination scores (−0.06  ±  0.67 vs. 
0.16  ±  0.77; P  =  0.17; Cohen's d  =  0.31), (Table 4). These results 
suggested that asynchronous online learning may have a positive 

TA B L E  3  Correlation analysis between the regional anatomy lecture examination and regional anatomy laboratory examination in the 
2018–2019 and 2019–2020 cohorts

Semester/Type of 
examination

Cohort year/Student 
numbers (n)

Lecture examination versus laboratory 
examination (Pearson r)

95% confidence 
interval P-value

First semester
Final examination

2018–2019 cohort
(150)

0.7503 0.6707–0.8128 <0.0001

2019–2020 cohort
(156)

0.689 0.5964–0.7635 <0.0001

Second semester
Midterm

2018–2019 cohort
(150)

0.5465 0.4233–0.6499 <0.0001

2019–2020 cohort
(156)

0.5859 0.4722–0.6804 <0.0001

Second semester
Final examination

2018–2019 cohort
(150)

0.5906 0.4753–0.6859 <0.0001

2019–2020 cohort
(156)

0.6608 0.5620–0.7410 <0.0001

Note: Pearson r: Pearson's correlation; P-value <0.05: Significant correlation.

TA B L E  4  Change in lecture academic performance between the 2018–2019 and the 2019–2020 cohorts post-Covid-19

Group
Type of examination in 
the second semester

Difference in lecture z-score Mean (±SD) 
Student numbers (n)

2018–2019 cohort versus 
2019–2020 cohort

2018–2019 cohort 2019–2020 cohort P-value Cohen's d

Laboratory score <12% Midterm 0.25 (±1.69)
(17)

0.07 (±1.19)
(18)

0.35 0.12

Final examination 0.55 (±1.13)
(n = 17)

0.23 (±0.69)
(18)

0.16 0.33

12% ≤ Laboratory score <25% Midterm 0.39 (±0.81)
(21)

0.04 (±1.16)
(21)

0.13 0.34

Final examination 0.06 (±0.79)
(21)

0.05 (±1.22)
(21)

0.49 0.01

25% ≤ Laboratory score <50% Midterm 0.04 (±0.64)
(37)

0.33 (±0.66)
(39)

0.03 0.44

Final examination −0.06 (±0.67)
(37)

0.16 (±0.77)
(39)

0.17 0.31

50% ≤ Laboratory score <75% Midterm −0.09 (±0.50)
(n = 37)

−0.16 (±0.57)
(39)

0.27 0.13

Final examination −0.10 (±0.76)
(37)

−0.11 (±0.60)
(39)

0.46 0.02

75% ≤ Laboratory score <88% Midterm −0.21 (±0.35)
(21)

−0.29 (±0.49)
(21)

0.28 0.18

Final examination −0.09 (±0.43)
(21)

−0.23 (±0.68)
(21)

0.21 0.25

88% ≤ Laboratory score Midterm −0.35 (±0.33)
(17)

−0.13 (±0.52)
(18)

0.07 0.49

Final examination −0.15 (±0.46)
(17)

−0.13 (±0.51)
(18)

0.45 0.03

Note: P-value <0.05: Significant difference. Effect sizes: negligible (Cohen's d < 0.2); small (0.2 ≤ Cohen's d < 0.5); medium (0.5 ≤ Cohen's d < 0.8); 
large (0.8 ≤ Cohen's d).
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influence on the lecture academic performance of the lower me-
dian group for learning anatomy after Covid-19 but may not have 
an effect on the lowest group, the third quartile group, the upper 
median group, the upper first quartile group, and the highest group. 
Furthermore, online anatomy lecture teaching was feasible and 
helpful for medical students in learning gross anatomy.

The influence of smaller group size for peer discussion 
in laboratory dissections

The lecture examination data were significantly correlated with the 
laboratory examination scores in the 2018–2019 and 2019–2020 
cohorts (Table 3), suggesting that lower lecture examination scores 
could be a warning sign for anatomy teachers to identify the stu-
dents who have a high risk of lower laboratory academic perfor-
mance in learning anatomy dissections. Therefore, the lecture final 
examination score of the first semester could be a good subgrouping 
metric to understand the effect of smaller group size dissections on 
laboratory academic performance.

Before the onset of Covid-19, a larger group of 14–15 students, 
similar to TBL, were allocated a cadaver for laboratory dissections. A 
review consisting of peer discussions and interactions was conducted 
at the end of each anatomy unit. However, after Covid-19, the group 
size was limited to four students, and each smaller group had 2 hours 
for dissection in a rotation. To evaluate the effect of smaller group 
sizes, the lecture final examination scores of the first semester were 
used to group students into six subgroups. The difference in labora-
tory z-scores, which was based on the midterm and final examination 
z-scores in the second semester minus the final examination score in 
the first semester, was analyzed to measure the change in laboratory 
academic performance after the implementation of modified teach-
ing strategies during the Covid-19 pandemic (Table S3).

In the lecture group with the lowest scores (lecture score <12%), 
the difference in the laboratory z-score in the second semester was 
not significantly different from that of the midterm between the two 
cohorts (0.46 ± 0.63 vs. 0.13 ± 0.97; P = 0.12; Cohen's d = 0.12), but 
it was significantly lower in the final examination scores (0.31 ± 0.74 
vs. −0.28 ± 0.87; P = 0.01; Cohen's d = 0.73) in the 2019–2020 co-
hort (Table S3). In contrast, the difference in the laboratory z-scores 
of the lecture for the lower median group (50% > laboratory score 
≥25%) in the final examination scores of the 2019–2020 cohort was 
significantly higher than that of 2018–2019 cohort (0.15 ± 0.60 vs. 
−0.17 ± 0.70; P = 0.01 Cohen's d = 0.49), while the difference in the 
laboratory z-score in the midterm showed no difference between 
the two cohorts (0.01  ±  0.87 vs. −0.19  ±  0.80; P  =  0.14 Cohen's 
d = 0.24) (Table S3). No significant difference was found between 
the two cohorts for the other subgroups (Table S3). These results 
indicated that asynchronous online dissection guide teaching and 
a reduction in group size in laboratory anatomy provided positive 
benefits for the lower median group but had a negative influence 
on the lowest group in the 2019–2020 cohort in learning cadaver 
dissection.

Students’ perception of modified teaching strategies 
during the Covid-19 pandemic

The quantitative responses to the ten-point Likert scale survey on 
the students’ perceptions of teaching changes are shown in Figure 2. 
The survey were listed in Table S1. The response rate for the quanti-
tative survey on the student’s perceptions of teaching changes was 
62.8% (98/156). The Cronbach’s alpha of the Likert scale assay was 
0.703 (0.609–0.768), which showed the acceptable reliability of this 
survey. Question 2—“Is teaching the anatomy dissection guide at 
the lecture hall helpful for learning anatomy?”—and question 3—“Is 
teaching the anatomy dissection guide via online video helpful for 
learning anatomy?”—were designed as a pair to compare traditional 
teaching with online teaching to understand which teaching strategy 
was helpful to medical students. The results showed significantly 
higher agreement with online teaching of dissection guide for learn-
ing anatomy (question 2 vs. question 3, 6.09 ± 2.66 vs. 8.13 ± 2.03; 
P  <  0.01; Cohen's d  =  0.87). Additionally, the results showed 
that most medical students agreed to use the online dissection-
guide teaching video instead of traditional face-to-face teaching 
(8.09 ± 2.37). The analysis showed that most students agreed that 
they can benefit both from larger group size dissection and smaller 
group size dissection in learning anatomy (Question 5: 6.52 ± 2.47; 
Question 6: 6.51  ±  2.47; P  =  0.97; Cohen's d  <  0.001). The data 
from questions 7 and 8 indicated that students partially agreed that 
smaller laboratory groups may have insufficient learning time and 
peer discussion (question 7: 5.84 ± 2.98; question 8: 6.73 ± 2.76). 
The responses to questions 9 and 10 suggested that the students 
highly agreed that peer discussion is helpful for learning anatomy 
and preparing for examinations (question 9: 8.74 ± 1.84; question 
10: 9.04 ± 1.52). In summary, these results suggested that students 
favored learning anatomy lectures and laboratory dissection guides 
through online videos. In addition, the highest agreement about the 
helpfulness of peer discussion in larger groups demonstrated that 
students appreciated the importance of peer learning in anatomy 
laboratory courses.

Different perceptions of peer discussion in larger 
group sizes in different grade subgroups

To further elucidate whether students with different academic per-
formances have different perceptions regarding changes in teach-
ing, the responses were analyzed according to grade groups: A+ 
(n = 25), A–A− (n = 47), B+–B− (n = 18), and C+–F (n = 8). As shown in 
Figure 3, the only significant difference between the grade groups 
was observed for question 9—“Peer discussion can provide benefits 
in learning anatomy” in which the A+ group gave higher credit to 
the importance of peer discussion than the other groups (A+ vs. A–
A−, 9.44 ± 0.96 vs. 8.51 ± 2.08, P = 0.019, Cohen's d = 0.71; A+ vs. 
B+–B−, 9.44 ± 0.96 vs. 8.50 ± 1.85, P = 0.018, Cohen's d = 0.67; A+ 
vs. C+–F, 9.44 ± 0.96 vs. 8.50 ± 0.755, P = 0.044, Cohen's d = 0.52). 
This result revealed that the importance of peer discussion was 
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significantly recognized by students with the highest academic per-
formance (the A+ group) in comparison to the other groups.

Three major themes about modified teaching 
strategies during the Covid-19 pandemic and peer 
discussion in the qualitative analysis

The second part of the questionnaire was free-text responses to in-
vestigate the students’ perceptions of modified teaching strategies 
and peer discussion in anatomy laboratory courses (Table S1). The 
data were analyzed by thematic analysis. Three major themes were 
explored, which included (1) the pros and cons of asynchronous 

online learning of anatomy; (2) the influence of dividing laboratory 
groups into smaller ones on learning dissection; and (3) the impor-
tance of peer discussion for learning anatomy dissection. The results 
are summarized in Table S2.

In the current results, asynchronous online teaching videos were 
beneficial to most students because of the ability to play the videos 
repeatedly and learn at the students’ own pace. “Being able to adjust 
video playing speed is helpful for personal learning and the learner 
can repeat the unclear parts of the video and search associated ma-
terials via the Internet at the same time” was a feedback from an A-
grade student (Table S2). This could provide more help for students 
with weaker learning abilities to improve their anatomy academic 
performance in both theory and cadaver dissection. A B-grade 

F I G U R E  2  Analysis of students’ perception of teaching changes. Students’ responses toward teaching changes were analyzed with a ten-
point Likert scale. A horizontal bar graph is shown as means ± standard deviation (±SD) of agreement expressed on the Likert scale  
(1 = Strongly disagree, 10 = Strongly agree). aP < 0.05
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student mentioned, “It is wonderful that I can play the dissection 
guide video again and again and can arrange the learning schedule 
by myself.” Some disadvantages, such as missing the interaction be-
tween students and teachers, were also revealed–" I can't ask ques-
tions immediately while watching online videos.” and “I preferred the 
interaction between teachers and students in the classroom.”

Dividing laboratory groups into smaller ones provided fair prac-
tice opportunities and more time for dissection. Some mentioned 
that “The strategy that smaller groups conducted dissection at dif-
ferent times strictly according to the rotating roster was good to 
solve the problem of too many students dissecting at one time.” and 
“Having more opportunities for dissecting cadavers made me learn 
anatomy more efficiently.” The issue of depriving students from the 
right to practice was emphasized–“Some studious students would 
dissect cadavers in other's shift and deprive the right of other class-
mates' dissection.”

Peer discussion provided huge learning benefits for medical stu-
dents, such as promoting an understanding of the variation in dif-
ferent cadavers, reinforcing the impression of anatomy structures, 
avoiding misrecognition of anatomical structures, and helping orga-
nize fragmented knowledge of anatomy. Peer discussion during the 
review sessions played an important role for preparing students for 
the anatomy laboratory examination, especially for students with 
low academic performance. A C+ grade student in 2019–2020 men-
tioned that “Peer discussion is especially helpful for me to prepare 
for anatomy examinations.”

According to the perception feedback results, asynchronous 
online videos could provide learning benefits for medical students 
in learning dissection guides. In addition, the results showed that 
some students may disrupt others’ opportunities for laboratory dis-
section before Covid-19. In this study, the strategy of dividing the 
laboratory groups into smaller ones and setting a rotating roster pro-
vided an equal chance for each student to dissect. After modifying 

the teaching strategy, lacking peer discussion in small groups may 
lead to a negative impact on the lowest grade group (score <12%) of 
medical students in the 2019–2020 cohort for learning dissection.

DISCUSSION

The Covid-19 pandemic has challenged anatomy teachers across the 
world to remotely teach and assess students in medical education. 
At NTU, asynchronous online videos were applied to continue teach-
ing anatomy lectures and laboratory dissection. Additionally, dividing 
laboratory groups into smaller ones was conducted to help third-year 
medical students in the 2019–2020 cohort accomplish cadaver dis-
section at the end of the second semester. Hence, the experience and 
feedback of medical students in this group could provide information 
to explore the influence of asynchronous online teaching and smaller 
laboratory learning groups compared to traditional anatomy teach-
ing. In this report, four important phenomena were documented, 
including: (1) the laboratory academic performance of medical stu-
dents experiencing the modified teaching strategies of asynchronous 
online teaching and rotating smaller group sizes in practical dissec-
tions decreased at the beginning of Covid-19; (2) the laboratory 
assessment strategy at NTU could provide accessory methods to 
evaluate the academic performance of online lecture assessments; 
(3) using the lecture examination scores to predict laboratory aca-
demic performance could be feasible; and (4) the change from larger 
to smaller group sizes in practical dissection influenced medical stu-
dents on learning cadaver dissections. These results could help anat-
omy teachers understand the influence of teaching strategies and the 
perceptions of medical students on learning anatomy under limited 
crowd-gathering rules. In addition, this study provided valuable infor-
mation, which could improve online anatomy lectures and laboratory 
cadaver dissections for anatomy teachers in the future.

F I G U R E  3  Analysis of benefits of peer discussion in four groups according to students’ anatomy grades. The ten-point Likert scale 
responses to the question “Peer discussion can provide benefits in learning anatomy” were analyzed in four groups according to their 
anatomy grades: A+, A ~ A−, B+~B− and C+~F. The agreement on this topic of the group with an A+ grade was significantly higher than that 
of other three groups. Likert scale points are: 1 = strongly disagree and 10 = strongly agree. Data are shown in means ± standard deviation 
(±SD). aP < 0.05
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Temporary influence of medical students from 
implementing modified teaching strategies during the 
Covid-19 pandemic in learning gross anatomy

In this report, the lecture and laboratory examination scores of system-
atic anatomy and regional anatomy in the 2019–2020 cohort were sig-
nificantly higher than those in the 2018–2019 cohort before Covid-19 
(Tables 1 and 2), suggesting that the academic performance of the 
2019–2020 cohort was better than that of the 2018–2019 cohort. 
However, at the beginning of Covid-19, implementing modified teach-
ing strategies resulted in the disappearance of this trend, although it 
returned at the end of the second semester. These results suggested 
that implementing modified teaching strategies had a temporary nega-
tive impact on medical students in learning gross anatomy. Since the 
onset of the Covid-19 pandemic, changes in teaching strategies might 
happen in teaching gross anatomy (Pather, et al., 2020; Harmon et al., 
2021; Tucker & Anderson, 2021). Previous reports showed that on-
line learning provided benefits for students in terms of their grades 
and feedbacks (Barbagallo et al., 2020; Yoo et al., 2021; Al-Neklawy 
& Ismail, 2022), but there may be a temporary negative influence on 
medical students in learning anatomy according to the findings of 
this study. Therefore, these results suggested that anatomy teachers 
should consider that students may spend time becoming proficient in 
modified teaching strategies, although digital teaching was ultimately 
beneficial for students. Hence, anatomy teachers need to arrange the 
schedule keeping this in mind when implementing modified teaching 
strategies. For example, arranging extra time to respond students’ 
questions via online blackboards or forums could be a useful strategy 
to help students get used to modified teaching strategies (Green, et al., 
2018; Al-Neklawy & Ismail, 2022).

The feasibility of accessory strategies for 
evaluating the academic performance of online 
lecture assessments

Many universities adopted online assessments to evaluate medical 
students’ academic performance in gross anatomy after the outbreak 
of Covid-19 (Elzainy, et al., 2020; Sadeesh, et al., 2021). Many uni-
versities proctored students’ behavior online during examinations 
through webcams or other assessment tools (Alessio, 2017; Sindiani 
et al., 2020; Elsalem, et al., 2021). However, medical students worried 
about unjustified invalidation of their examinations due to unstable 
Internet connections, background noise, webcam issues, and privacy 
issues (Meulmeester, et al., 2021). In the present study, the high corre-
lation between laboratory and lecture examination scores before and 
after Covid-19 onset (Table 3) could provide a complementary way 
to evaluate students’ online lecture performance through laboratory 
examination scores. In addition, the differences in lecture z-scores 
assessed via subgrouping laboratory examination scores showed that 
there were few changes in the lecture examinations of the second 
semester in the 2018–2019 and 2019–2020 cohorts before and after 
Covid-19 onset, suggesting that using laboratory examination scores 

to subgroup lecture examination scores was reasonable. Therefore, 
this method provided another possibility to evaluate students’ online 
lecture academic performance and mitigated some of the disadvan-
tages of online lecture assessments.

Although the 2019–2020 cohort experienced asynchronous on-
line lecture courses, the students still took conventional lecture ex-
aminations. Therefore, this provided a good opportunity to compare 
the change in lecture academic performance with the 2018–2019 
cohort. In the present study, the difference in lecture z-scores in the 
lower median group (50% > laboratory score ≥25%) in the 2019–
2020 cohort increased in the midterm scores of the second semester 
(Table 4), suggesting that online learning provided benefits for some 
medical students from pre- Covid-19 to post-Covid-19. This result 
was similar to several recent studies that documented the advan-
tages of remote learning since the onset of the Covid-19 pandemic 
(Pyatt & Sims, 2012; Barash, et al., 2021; Cheng, et al., 2021; Harrell, 
et al., 2021; Zarcone & Saverino, 2022). According to these results, 
teachers could suggest that students with lower median academic 
performance preferentially adopt online lecture courses to meet the 
restriction rules in the classroom during the Covid-19 pandemic.

The feasibility of predicting laboratory academic 
performance through the performance of lecture 
examinations

Practical dissection is important for medical students to form pro-
fessional identities and gain confidence, strength, and practical skills 
(Parker & Randall, 2020). Therefore, it is important for anatomy teach-
ers to determine which students with low academic performance in 
practical dissection would benefit from extra help. In this study, the 
high correlation between the lecture and laboratory examination 
scores before and after the onset of Covid-19 (Table 3) indicated the 
possibility of predicting laboratory performance via evaluating stu-
dents' lecture performance. In addition, the differences in laboratory 
z-scores by subgrouping students by their lecture examination scores 
showed that there were few changes in the laboratory examinations of 
the second semester in the 2018–2019 and 2019–2020 cohorts before 
and after Covid-19 onset, suggesting that using lecture examination 
scores to subgroup laboratory examination scores was reasonable. 
Therefore, predicting students' laboratory academic performance 
through lecture examination scores is a feasible strategy for medical 
schools at which the lecture courses and cadaver dissections are deliv-
ered in different semesters. With information on lecture examination 
scores, anatomy teachers could give students with low lecture perfor-
mance extra help while supervising practical dissections, and the ef-
ficiency of face-to-face dissection teaching could be improved.

In addition, the difference in laboratory z-scores could demon-
strate a change in academic performance due to different laboratory 
learning strategies. In the present study, the difference in laboratory 
z-scores in the lower median group (50% > lecture score ≥25%) in the 
2019–2020 cohort was increased in the final examination scores of the 
second semester (Table S3). Furthermore, the ten-point Likert scale 
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survey in this report showed that most students preferred asynchro-
nous online teaching dissection videos for learning practical dissection 
(Figure 2). In addition, the free-text feedback from a B-grade student 
mentioned that watching the dissection guide videos repeatedly was 
beneficial for learning practical dissection (Table S2). Moreover, sev-
eral previous reports documented the benefits of online learning 
(Green, et al., 2018; Barash, et al., 2021; Cheng, et al., 2021; Eansor 
et al., 2022; Mahdy & Sayed, 2022; Zarcone & Saverino, 2022). Taken 
together, asynchronous online dissection videos could provide more 
help for students with weaker learning abilities to improve their aca-
demic performance in cadaver dissection. According to these results, 
anatomy teachers may suggest that students, especially those with 
lower median academic performance, watch dissection videos to pre-
view and review the material to improve their learning of dissection.

The influence of reducing group size and peer 
discussion on learning practical dissection

Many medical colleges have adopted TBL for teaching cadaver dis-
section (Inuwa, 2012; Isbell et al., 2016; Chang, et al., 2019). The 
size of dissection groups is dependent on many factors, such as stu-
dent number and cadaver availability. In previous studies, the group 
sizes were mostly 6–8  students per group (Bentley & Hill, 2009; 
Evans & Cuffe, 2009; Han, et al., 2015; Nwachukwu, et al., 2015; 
Rowland & Joy, 2015; Burgess et al., 2018). In the present study, 
the group size of the 2019–2020 cohort was reduced from 14–15 to 
4 students after the onset of Covid-19. According to feedback from 
the 2019–2020 cohort, large group size with peer discussion could 
help students avoid misrecognizing anatomical structures, help 
them organize fragmented anatomical knowledge, and promote un-
derstanding of the variation between different cadavers (Table S2), 
suggesting that large group size provided the benefit of collective in-
telligence from different students to solve complex classroom prob-
lems. This advantage of large groups was also mentioned in other 
TBL studies (Thompson, et al., 2015). Therefore, learning practical 
dissections with large group sizes (14–15 per group) could provide 
medical students with benefits from collective intelligence.

Peer discussion is important for medical students in TBL learning 
and is a core element of TBL (Inuwa, 2012; Parmelee et al., 2012; 
Han, et al., 2015; Preece, 2015; Nishigawa et al., 2017; Yoon et al., 
2018; Singh et al., 2019). In the 2019–2020 cohort, reducing group 
size in dissections was accompanied with reduced peer discussion. 
The lowest grade group (score <12%) of medical students in the 
2019–2020 cohort showed significantly decreased laboratory aca-
demic performance in the final examination than that in the 2018–
2019 cohort. Furthermore, the ten-point Likert scale survey in this 
report had the highest agreement (9.04/10 points) for the question 
that peer discussion helped students prepare better for examina-
tions and laboratory dissections. Additionally, a qualitative descrip-
tion from a C+ grade student mentioned that peer discussion was 
helpful in preparing for examinations. Although the possibility of dis-
like of low performing students for the change in laboratory design 

during such a volatile could not be excluded, the above results in-
dicated that lacking peer discussion may be a factor related to the 
negative impact on students with a low academic performance, and 
peer discussion could provide learning benefits for medical students 
in TBL-like practical dissection groups. Therefore, learning cadaver 
dissection accompanied with peer discussion should be emphasized 
when the teachers redesign anatomy courses in the future, espe-
cially during situations like the Covid-19 pandemic.

Despite the advantages of large group size, previous studies have 
shown some disadvantages of TBL, including a few students doing all 
the work in the team, the team ignoring the opinion of some students, 
and high-functioning individuals jostling for the “alpha rank” within a 
team, which diminished team cohesion (Swaab, et al., 2014; Thompson, 
et al., 2015; Khansari & Coyne, 2018). Similar disadvantages were also 
proposed by students of the 2019–2020 cohort that some students 
disrupted others’ dissecting opportunities before Covid-19. This disad-
vantage may explain why the A-to-F grade groups did not favor peer 
discussion as much as the A+-grade group (Figure 3). In this study, the 
strategy of dividing laboratory groups into smaller ones and setting a 
rotating roster provided an equal chance for each student to dissect, 
although anatomy teachers at NTU had previously asked medical stu-
dents to set a rotating roster to ensure that every student had the same 
opportunity to do hands-on dissection before the Covid-19 pandemic. 
Based on the current results, anatomy teachers must be aware of the 
balance of learning opportunities provided to each student and should 
pay more attention to asking disruptive students not to interrupt oth-
ers’ dissections. These notable findings could provide important infor-
mation for improving dissection teaching.

Limitations of this study

There are some limitations in this study. First, the response rate of the 
questionnaire was 62.8% (n = 98). More than half of questionnaire 
responses were contributed by students with an A− or above; this 
disproportion in responses from the best-performing subgroups may 
mean that the results do not completely represent the opinions of all 
medical students. Second, the sample size of each subgroup between 
the two cohorts was too small to pass Bonferroni’s multiple compari-
son test P-value, suggesting that there may be low statistical power. 
However, a previous study documented that the type II error rate was 
increased after Bonferroni correction (Perneger, 1998). To avoid the 
risk of type I and type II errors, the Cohen’s d value was presented 
accompanied with the P-value in the current study (Kim et al., 2021b). 
Third, the questionnaire was designed without balancing positive 
and negative indicators, which may create a bias for its interpreta-
tion. Fourth, asynchronous online teaching dissection guides and re-
duced group sizes were announced at the same time after the onset 
of Covid-19, so it was difficult to determine which modification had a 
stronger impact on student performance. Finally, this study is hard to 
replicate because the level of interruption in anatomy courses during 
the Covid-19 pandemic is different around the world. In Taiwan, only 
the third-year medical students in the 2019–2020 cohort experienced 
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traditional teaching, asynchronous online teaching, and the division of 
laboratory groups into smaller ones for learning gross anatomy within 
a single academic year. In the future, the authors could try to elimi-
nate the limitations of this study to evaluate the influence of changing 
teaching methods from traditional teaching to online teaching.

Future work

Several studies have shown that online forums or blackboards 
could benefit students in learning anatomy (Green, et al., 2018; 
Al-Neklawy & Ismail, 2022), so multimedia platforms may provide 
solutions for lacking peer discussion in dissection in smaller groups 
through Google Classroom, Google Meet, or other multimedia plat-
forms. Furthermore, anatomy teachers could combine traditional 
face-to-face teaching and online learning tools, such as a blended 
learning system for teaching gross anatomy in the future. In addition, 
applying online interviews to evaluate students’ academic perfor-
mance through online communication platforms could be another 
accessory evaluation strategy to mitigate the disadvantages of on-
line lectures or laboratory assessments.

CONCLUSIONS

There are five important conclusions of this study. First, online 
learning of anatomy lectures and dissection guides had beneficial 
effects on learning in anatomy courses. Second, a change in teach-
ing strategies may temporarily negatively influence the ability of 
medical students to learn anatomy, so anatomy teachers should 
give students some time to adapt to these changes. Third, analyz-
ing the performance of laboratory assessments could be a comple-
mentary strategy to evaluate online assessments. Fourth, applying 
lecture examination scores to predict laboratory performance was 
feasible, which could provide a warning sign to teachers about which 
students may have difficulty in learning during the practical dissec-
tion units. Finally, reducing group size together with reduced peer 
discussion may have a negative effect on learning cadaver dissec-
tion for students with low academic performance, and the collective 
intelligence within large group sizes may be an important factor for 
medical students in learning practical dissection. In summary, these 
findings provide useful information for anatomists to develop new 
teaching strategies for gross anatomy courses in the future.
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