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The anatomy lesson of

the SARS-CoV-2 pandemic:
irreplaceable tradition (cadaver
work] and new didactics of
digital technology

Aim To compare the efficacy of different components of
online and contact anatomy classes as perceived by medi-
cal students.

Methods An anonymous course evaluation survey was
conducted at the end of the academic year 2019/2020. The
organization of classes due to the SARS-CoV-2 pandemic
provided our students with a unique opportunity to com-
pare online and contact classes. Students' responses were
analyzed according to the type of obtained data (ratio, or-
dinal, and categorical).

Results The response rate was 95.58%. Approximately
90% of students found anatomical dissection and prac-
tical work in general to be the most important aspect of
teaching, which could not be replaced by online learn-
ing. During online classes, students missed the most the
interaction with other students, followed by the interac-
tion with student teaching assistants and teaching staff.
Very few students found contact lectures useful, with most
students reporting that they could be replaced with re-
corded video lectures. In contrast, recorded video lectures
were perceived as extremely helpful for studying. Regular
weekly quizzes were essential during online classes as they
gave students adequate feedback and guided their learn-
ing process. Students greatly benefitted from additional
course materials and interactive lessons, which were made
easily available via e-learning platform.

Conclusions Anatomical dissection and interaction dur-
ing contact classes remain the most important aspects
of teaching anatomy. However, online teaching increases
learning efficiency by allowing alternative learning strat-
egies and by substituting certain components of contact
classes, thus freeing up more time for practical work.
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From the middle of the last century, lecturers in anatomy
courses for medical students have faced two major chal-
lenges. The first has been how to incorporate the rapid-
ly expanding new medical knowledge into the curricula.
This required a reorganization of the existing curricula, and
anatomy in particular was under pressure to reduce teach-
ing hours and the student load (1-3). The second challenge
has been how to modernize the teaching approach and
didactically redesign the anatomy course. There has been
pressure to replace cadaver work due to high expens-
es and high organizational demands. In many medical
schools, authorities have advocated the idea that cadaver
work can be replaced by other learning approaches with
identical final outcomes (4). This pressure has become par-
ticularly notable in recent years and has been advocated
by advancements in new digital technologies such as aug-
mented and virtual reality (5).

Anatomy is one of the fundamental and most demand-
ing courses in any medical school curriculum. A frequent
point of discussion is how to approach teaching anatomy
and facilitate students’ comprehension of difficult con-
cepts and memorization of vast amounts of new informa-
tion. Universities worldwide adopt different teaching ap-
proaches.Modern teaching usuallyincludesacombination
of teaching methods within integrated and multimodal
approaches to anatomy teaching (6,7). Six techniques for
anatomy education have been proposed: in-person lec-
tures, cadaveric dissection, inspection of prosected speci-
mens, models, radiological and living anatomy teaching,
and computer-assisted learning (8). Some universities
have implemented curricular changes, especially since
the time allotted to anatomy education in Europe, the
United States of America, and Australia has considerably
declined (9). The majority of schools have switched from a
completely traditional cadaver-based curriculum toward
more interactive custom-made approaches that better
fit the learning strategies of new generations and that
appreciate technologies such as augmented and virtual
reality, social networks, and imaging for a better under-
standing (7,10,11). Cadaver dissection, considered a gold
standard for teaching anatomy (12), still remains widely
used. While occasionally contested, its importance in dif-
ferent aspects of anatomy education has been proven by
schools that returned to cadaver dissection after having
temporarily abandoned it (3,13). However, meta-analyses
suggest that educators should appreciate and reevaluate
each instructional method in order to meet all the stu-
dents' needs, since none has so far been proven supe-
rior to any other (14).
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At the University of Zagreb School of Medicine (UZSM),
we teach a cadaver dissection-oriented curriculum, with
the use of additional teaching methods/tools, such as pro-
section and instructions/demonstrations on cadavers and
artificial anatomical models. In recent years, we have en-
hanced the provided e-learning by vastly expanding the
materials and activities available on our online platform for
communication and teaching. We have also implement-
ed a new, functionally oriented textbook (15,16). These
changes aimed to enhance the awareness of the subject’s
clinical relevance and to raise the students’ active involve-
ment in the course.

Our Department has been systematically assessing stu-
dents’satisfaction with the Anatomy course through anon-
ymous surveys (student evaluation of teaching) after the
course completion. The Anatomy course is taught dur-
ing two semesters in the first year of medical school. In
the first semester of the academic year 2019/2020, we fin-
ished the planned curricular activities as scheduled using
our usual multimethod approach. In the second semester,
the SARS-CoV-2 (COVID-19) pandemic forced us to switch
to exclusively online teaching for an extended period of
time (17,18). Online teaching was prolonged because of
the heavy damage sustained by the UZSM buildings in
an earthquake that hit Zagreb on March 22, 2020 (19), im-
mediately after the introduction of the first lock-down. We
organized only a very short practical revision on cadavers
and models in June, at the end of the academic year.

Such an organization of classes in the academic year
2019/2020 allowed our students to provide unique feed-
back about the perceived advantages and disadvantages
of different components of contact and online classes. It
also allowed them to evaluate the significance of these
classes for meeting the anatomy course’s aims and give
feedback on the overall teaching approach of the faculty.
Thus, we conducted a survey with the aim of analyzing in-
formation on the efficacy of contact and online classes in
covering the anatomy course material. We also analyzed
how students’ success on continuous assessment during
the academic year related to the way they responded to
different survey questions and whether there were signifi-
cant differences in those responses.

MATERIAL AND METHODS
This study was conducted at the end of the Anatomy

course (Integrated Undergraduate and Graduate Program
of Studies In Medicine) at the University of Zagreb School



Banovac et al: The anatomy lesson of the SARS-CoV-2 pandemic

of Medicine, as a part of the regular anonymous course
evaluation survey conducted yearly.

Curriculum

Our anatomy course is divided into three thematic blocks:
A1 (General Anatomy, Anatomy of the Back and Limbs),
A2 (Anatomy of the Thorax, Abdomen, and Pelvis), and A3
(Anatomy of the Head and Neck). The gross and functional
anatomy of the central nervous system is covered by the
Fundamentals of Neuroscience course in the second year.
Each course block is divided into two parts. In part A, stu-
dents learn the relevant general and systemic anatomy
through lectures (mostly ex cathedra presentations of the
course material); seminars, which include discussions in
middle-sized groups; and practical work, which includes
learning using prosections (previously dissected speci-
mens) and anatomical models. In part B, students learn
topographic anatomy by performing cadaver dissection
themselves. After each course block, students take a par-
tial written exam, which consists of multiple-choice and
matching questions assessing their theoretical knowledge,
and a partial practical exam, in which students have to
name anatomical structures marked on anatomical speci-
mens. The students who pass the partial exams are exempt
from the corresponding portions of the final exam. The fi-
nal exam consists of a written part, practical part, and oral
part, with the final grade determined by the knowledge
displayed in the oral exam.

In recent years, the Department has been gradually in-
creasing the use of online teaching as an aid to traditional
classes by adding various materials to our e-learning plat-
form. These included engaging online activities, such as
quizzes and interactive lessons covering clinically related
anatomical problems (clinical cases). The Department has
changed the obligatory literature to a didactically modern-
ized textbook, which covers gross anatomy in a broader
context and is functionally oriented with the aim of being
more relevant to future clinical practitioners. In parallel, the
Department preserved traditional classes involving practi-
cal work (on cadavers, models, and prosections) and ana-
tomical dissection as the core of the teaching process.

In the academic year 2019/2020, due to the global SARS-
CoV-2 pandemic and the extensive damage to Department
of Anatomy building caused by the Zagreb earthquake, a
large portion of the Anatomy course (the second half of
the A2 part and the entire A3 part) was held entirely online.
Online classes included pre-recorded video lectures, se-
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lected links to animations, and other freely available online
material, self-evaluation quizzes, clinical cases in the form
of interactive lessons, additional explanations of challeng-
ing topics, textbook elaborations, and presentation slides.
During online classes, students were frequently evaluated
(at least once a week) via online quizzes, through which
they received bonus or malus points that were added to
the results of the written partial exam. After online classes
were finished, the Department organized mandatory prac-
tical (contact) classes (without dissection) as a short revi-
sion of the A2 and A3 parts, which were previously covered
via online classes.

Study design

The study was conducted via a questionnaire in the form
of a course evaluation survey. The questionnaire (Supple-
mentary material 1) was designed by the teaching staff of
the Department of Anatomy and Clinical Anatomy and tai-
lored to be relevant to our curriculum. This is the first time
that this particular questionnaire was used at the Depart-
ment of Anatomy, making this a benchmarking survey. A
different, less-extensive questionnaire was used in previ-
ous years. However, due to significant changes in the cur-
riculum structure and organization of classes (including
the addition of online classes), the previous questionnaire
was no longer suitable to address the relevant research
questions. We plan to conduct follow-up surveys and fur-
ther validate this questionnaire at the end of each subse-
quent academic year.

The questionnaire was made available to students online via
the School’s Learning Management System (LMS) immedi-
ately after classes ended, but before the final (oral) exam was
completed. Students had one week to answer the question-
naire. The answers were anonymized in the software set-
tings, which made it impossible to connect the answers to
a particular student’s identity. Before the survey was made
available, we divided the students who attended our course
into four groups based on the score they achieved on the
partial written exams conducted throughout the academic
year as a part of continuous assessment. Students with a
score better than or equal to the first quartile of the gen-
eration were designated as group Q1, students with a score
better than or equal to the second quartile as group Q2, stu-
dents with a score better than or equal to the third quartile
as group Q3, and students with a score below the third
quartile as group Q4. The questionnaire results were then
also filtered based on the defined groups. The results re-
mained anonymous even when forming groups as
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the software prohibits connecting the survey responses to
a particular student’s identity.

The questionnaire consisted of 70 questions, 27 of which
were relevant to the research presented in this study (assess-
ment of the efficacy of different types of classes in covering
the anatomy course material) (Supplementary Table 1).

In most questions, students had to choose a number be-
tween 1 and 5 that best represented their agreement with
a given statement (Supplementary Table 2), with 1 repre-
senting complete disagreement and 5 representing com-
plete agreement. In some questions, students either had to
write a short answer (the number of hours spent studying
anatomy) or choose multiple answers from a predefined
list of options. To be able to submit the survey, students
had to answer every question.

Quantitative data analysis

Responses to the questions in which students chose a
number (grade) representing their agreement with a state-
ment were analyzed as ordinal data, and the median and
mean were calculated from the grades given by students.

Responses to the questions in which students chose one
or more answers from a predetermined list of possible an-
swers were analyzed as categorical data, and frequencies
for each answer were presented as the percentage of stu-
dents who chose a particular answer.

Responses to the questions in which students wrote the
number of hours spent studying anatomy were analyzed
as ratio data (ie, continuous variables), and the mean and
standard deviation were calculated for each answer. The
normality of the distribution was evaluated with GraphPad
Prism’s in-built software, which runs four normality tests.

For comparisons between the student groups with differ-
ent partial exam scores (Q1, Q2, Q3, and Q4) we used one-
way ANOVA with Tukey’s post hoc test for ratio data and
the Kruskal-Wallis test (one-way ANOVA on ranks) with the
Dunn post hoc test for ordinal data. In the post hoc tests, a
P-value of <0.05 was considered significant. For parametric
tests, 95% confidence intervals were also calculated. Cross-
tabulation was used to analyze the differences between
groups for categorical data.

To compare the responses given by the same students
to different questions, the paired Wilcoxon rank
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test was used for ordinal data and the paired t-test for ra-
tio data. For both tests, a P-value of <0.05 was considered
significant. Only the questions involving the comparison
of online and direct classes were analyzed in this way (re-
sponses to Question 5 were compared to Question 6, and
responses to Question 8 were compared to Question 9).
Quantitative data analysis was performed with GraphPad
Prism, version 8.3.0 (GraphPad Software, La Jolla, CA, USA).

RESULTS

Survey target population size, statistical relevance, and
response rate

The target population for this survey were the first-year
medical students at the UZSM who actively participated
in the Anatomy course (both in direct classes and online
activities) throughout the entire course duration. Five en-
rolled students discontinued their studies before the course
ended and were not included in the survey, nor were they
considered to be the survey target population. The total
number of active medical students in the academic year
2019/2020 was 340. With a target population size of 340
students, the required number of responses for this type
of survey would be 181 for a confidence level of 95% and
a margin of error of 5% (20). The survey was available to
all active first-year medical students, and 325 filled out the
questionnaire, resulting in a response rate of 95.58%. Due
to the high response rate and a sufficient number of re-
sponses, the study results can be considered an accurate
representation of the entire first-year medical student pop-
ulation and are statistically relevant.

The most relevant questions of the survey are shown in
Table 1 and are numbered from 1 to 9, while a complete
overview of all the questions analyzed in this study is
shown in Supplementary Table 1, where the questions are
labeled from S1 to S27.

Evaluation of students’ personal engagement and
involvement in the course

Overall, students assessed their personal engagement in
the course as high — 95.71% of students stated that they at-
tended contact classes regularly (grades 4 and 5 on Ques-
tion S1) and 81.29% of students stated that they accessed
the School's LMS regularly (grades 4 and 5 on Question 1).
Both values were also confirmed by the Department’s of-
ficial records. Students’ preparation for contact classes was
also evaluated - students prepared most for practical work
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(89.26% gave grades 4 and 5 on Question S5) and least for
lectures (only 49.08% gave grades 4 and 5 on Question S3),
while they prepared moderately for seminars (73.32% gave
grades 4 and 5 on Question S4). A total of 90.49% of stu-
dents (grades 4 and 5 on Question 2) claimed to have put a
high level of effort into learning the required material — this
is in line with the fact that 93.50% of students successfully
passed the final exam.

Evaluation of the course material, course organization,
and course structure

The most relevant findings from the student’s evaluation
of the course material, organization, and structure were as
follows: 78.22% of students agreed (grades 4 and 5) that
regular online quizzes helped them learn the required
course material, 63.50% agreed (grades 4 and 5) that learn-
ing outcomes helped them learn the required course ma-
terial, 87.12% agreed (grades 4 and 5) that the required
course material was important for the medical profession,
and only 25.15% (grades 4 and 5) considered the course to
be too difficult (Table 1 and Supplementary Table 1). Fur-
thermore, 73.62% of students agreed (grades 4 and 5) that
classes (both contact and online) helped them cover the
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required course material, with only 8.59% (grades 1 and 2)
disagreeing with this statement (Question S12).

Students estimated that they spent on average 4.09+1.52
h/day studying anatomy during contact classes and
5.59+ 246 h/day during online classes (Questions 8 and 9).
The difference in the responses to these questions was sig-
nificant (P<0.001) (Figure TA).

A total of 73.44% of students agreed or mostly agreed
(grades 4 and 5) that they could easily assess their knowl-
edge and progress during contact classes, while only
6.14% disagreed or mostly disagreed (grades 1 and 2) with
this statement (Question 5). Only 39.57% agreed or mostly
agreed that they could easily assess their knowledge and
progress during online classes (Question 6), while 27.92%
disagreed or mostly disagreed. The difference in the re-
sponses between these two questions was also significant
(P<0.001) (Figure 1B).

Evaluation of student teaching assistants

Students most favorably assessed student teaching assis-
tants (STAs), with only 0.31% disagreeing (grade 2 on Ques-

TABLE 1.The most relevant questions in the survey and responses given by students

Frequency distribution (%)

for grades chosen as responses to statement Mean Median
Questions 1 2 3 4 5 land2 4and5 grade grade
1 lregularly used the available online material in 0.00 337 1534 3344 4785 337 81.29 4.26 4
learning.
2 |have put a great deal of effort into learning the ~ 0.00 1.23 798 2454 66.26 1.23 90.80 4.56 5
required exam material.
3 Frequent quizzes (both during regular and 3.68 644 1166 2423 5399 10.12 78.22 418 5
online classes) contributed to my successfully
mastering the required exam material.
4 Online classes are a significant and useful addi- 1.84 491 13.50 2883 5092 6.75 79.75 422 5
tion to contact classes, but cannot replace it.
5 During contact classes, | could easily assess my 1.23 491 2025 3620 3742 6.14 73.62 4.04 4
knowledge and progress at any given time.
6 During online classes, | could easily assess my 6.75 2117 3252 2699 1258 2792 39.57 3.17 3
knowledge and progress at any given time.
7 This course was too challenging. 920 2546 4018 2178 337 3466 25.15 2.85 3
Mean response + standard deviation (h/d)
All groups Group Q1 Group Q2 Group Q3 Group Q4
8 During contact classes | spent, on average, the 4.09+1.52 440+1.57 4.29+1.55 391+£140 3.87+140
following amount of hours per day studying
Anatomy:
9 During online classes | spent, on average, the 556+246 6.13+2.36 5.75+2.59 542+236 516+2.39
following amount of hours per day studying
Anatomy:
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tion S19, no student gave a grade 1 on this question) with
the statement that the STAs performed well. More than
two thirds (69.33%) of students regarded practical work
with STAs (practicing on cadavers and prosection with
STAs outside regular classes defined by the curriculum) as
one of the three segments of contact classes from which
they benefited the most in preparing the course material
and 65.64% of students rated it as one of the three seg-
ments of contact classes that they missed the most during
online classes. Furthermore, 72.09% of students expressed
that the interaction with STAs was one of the three aspects
of contact classes they missed the most. There were no sig-
nificant differences between the student groups regarding
STA evaluation.

Evaluation of contact classes

Atotal of 91.41% of students singled out contact lectures to
be suitable for replacement with pre-recorded online video
lectures (Question S23, students could choose any number
of answers out of five options). Furthermore, 47.55% of stu-
dents found seminars to be suitable for replacement with
either webinars or recorded video lectures. Only 6.75% of
students thought that regular practical work (demonstra-
tions on models, cadavers, and prosections) could be re-

A During contact/on-line classes | spent, on average, the
= following amount of hours per day studying Anatomy

*
P <0.001

-
=)
]

Average number of hours per day spent studying

T
Contact classes On-line classes

B.

Response given (grade)

I
N

w
N

N
1

-
L
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placed with online materials and as few as 0.92% thought
the same for anatomical dissection. Only 7.06% of students
felt that nothing could be replaced by online classes (Fig-
ure 2A).

Students singled out anatomical dissection as a segment
of contact classes that aided them the most in covering
the course material, with 81.90% of responses (Question
S24, students could choose up to three answers out of sev-
en options). Practical work with STAs was the second most
important segment (69.33%), followed by regular practical
work (demonstrations on models, cadavers and prosec-
tions) with the teaching staff (46.93%). Only 7.36% of stu-
dents found traditional lectures to be important for learn-
ing the course material, while only 1.23% found none of
the contact classes to be helpful in this regard (Figure 2B).

Evaluation of online classes

When asked which segments of online classes aided them
the most in covering the course material (Question 525,
students could choose up to three answers out of 12 op-
tions), 60.74% of students chose pre-recorded video lec-
tures and 54.29% chose regular mandatory online quiz-
zes. Students also recognized the importance of various

During contact/on-line classes, | could easily assess
my knowledge and progress at any given time

*
P<0.001

Contact classes On-line classes

FIGURE 1. Comparison of students’ responses to questions about contact and online classes. (A) Comparison of responses to ques-
tions in which students had to write the average number of hours per day that they spent studying anatomy during contact classes
(Question 8) and during online classes (Question 9). Markers (black circle and square) represent the mean, error bars represent the
standard deviation, and the P-value is shown on the plot (paired t test). (B) Violin plots showing a smoothed distribution of students’
responses to the question in which students evaluated how easily they could assess their knowledge and progress during contact
classes (Question 5) and during online classes (Question 6). The dotted line in the violin plots represents the median of the responses
to each question. The size of the bulge in a violin plot is proportional to the frequency of students who chose the grade displayed on
the y-axis. The P-value is shown on the plot (paired Wilcoxon rank test).
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additional text materials, such as hand-outs (48.47%), ad-
ditional explanations of challenging topics (37.42%), and
textbook elaborations (explanations of inconsistencies in
the textbook and further elaborations of topics the stu-
dents assessed as unclear in the text) (27.91%). A substan-
tial portion of students also appreciated the possibility to
evaluate online quizzes (30.37%) by analyzing the ques-
tions and correct answers. Presentation slides and the use
of the forum were viewed as less essential (chosen by only
6.44% and 3.37% of students, respectively). As with con-
tact classes, only 1.23% found none of the online materi-
als helpful in learning the course material (Supplementary
Figure TA).

The three segments of contact classes that students
missed the most during online classes (Questions S26, stu-
dents could choose up to three answers out of seven op-
tions) were anatomical dissection (81.90%), practical work
with STAs (65.64%), and practical work with teachers with-
out dissection (49.08%) (Supplementary Figure 1B).

The aspects of contact teaching that students missed
the most during online classes to adequately prepare the
course material (Question S27, students could choose up
to three answers), were practical work (81.60%), the inter-
action with STAs (72.09%), and the interaction with fellow
students (60.74%). Fewer students missed face-to-face in-
teraction with the teaching staff (51.11%) (Supplementary
Figure 1C).

Which of 1 could be adeq ly (in full or almost

in full) replaced with on-line classes? (You may choose multiple answers)
: 1o i 1 :

seminars

practical
work without
dissection

anatomical
dissection

none

A. 0 10 20 30 40 50 60 70 80 90 100
percentage of students that chose a given response
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Out of a series of statements comparing online and con-
tact classes (Questions S8-S11), students agreed most with
the following: “On-line classes are a significant and useful
addition to contact classes but cannot replace them, with
79.75% of students agreeing or mostly agreeing.

Response comparison between different student
groups

For most questions in which students had to choose a
grade representing their agreement with a given state-
ment, there were no significant differences between stu-
dent groups (based on their successfulness on partial
written exams: Q1, Q2, Q3, and Q4). The exception were
questions 1, 2, 3,7, 53, S4, and S5, the responses to which
were significantly different between certain groups (Figure
3 and Supplementary Figure 2).

Students from the Q1 group spent on average the most
time studying, while students from the Q4 group spent
on average the least time studying. This was slightly more
pronounced during online classes (Table 1). However, due
to the large variability within the groups, none of the dif-
ferences between groups was significant (Supplementary
Figure 3).

For questions in which students had to choose the an-
swers from a predefined list, the crosstabulation analysis
revealed that most groups responded similarly, but there

Which of I have you benefited the most from
in preparing the course material (You may choose up to 3 answers)

|

lectures |
|

1

|

seminars

practical
work without
dissection

anatomical
dissection

practical
work
with STAs

clinical
cases

none

i |
| |

‘ \

|

i ‘

| i i
I 1 i
1o Pl
I 1]
| |

| |

| |

| |

I |

"20 30 40 50 60 70 80 90 100
percentage of students that chose a given response

FIGURE 2. Bar graphs showing the response frequencies for the following questions: (A) Which segments of contact classes could be
adequately replaced with online classes? (Question S23); (B) Which segments of contact classes have you benefited the most from in

preparing the course material? (Question S24).
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were some noticeable differences in certain responses
(Figure 4) — primarily in the way different groups respond-
ed to the questions pertaining to online classes.

When asked which segments of online classes helped
them the most in preparing the course material (Figure
4A), students from the Q1 group noticeably more often
chose pre-recorded video lectures (71.26%) than all other
groups (57.50%, 51.28%, and 62.32% for Q2, Q3, and Q4, re-
spectively). Students from the Q4 group considered man-
datory online quizzes as less beneficial (42.03%) than other
groups did (60.92%, 63.75%, and 52.56% for Q2, Q3, and
Q4 respectively), however, they also considered the eval-

A I regularly used the available on-line material in learning.
- *
P<0.001
*
| P=0.049 ‘
[ I
5 7\1 i I/ ) ;V;I/ )
- 4 > <=> <> =-=>
°
g
§ L
§ 3 < < >
©
3
g 2
o
Q
]
4
4
1

Q1 Q2 Q3 Q4
student groups

c Frequent quizzes (both during regular and on-line classes) contri-
. buted to my successfully mastering the required exam material.

.
P<0.001 -
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uations of the online quizzes more beneficial (40.58% vs
24.14%, 30.00% and 28.1% for Q2, Q3, and Q4, respectively).
Furthermore, students from the Q4 group considered self-
assessment tests, online clinical cases, and links to anima-
tions more beneficial than any other group, while they also
considered additional explanations of challenging topics
less beneficial than any other group (Figure 4B).

When asked which aspects of contact teaching they
missed the most during online classes (Figure 4C), stu-
dents from the Q1 group mostly chose face-to-face inter-
action with the teaching staff (57.47% vs 43.75%, 47.44%,
and 49.28% for Q2, Q3, and Q4, respectively), while the

I have put a great deal of effort into learning the required exam material.
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P<0.001
*
P<0.001
P=0.001

5 4 j> <> €=
°
g
§ 3 <
2 1
(=)
@
2 2
Qo
]
o
4

1

- S]] Q2 Q3 Q4

student groups
This course was too challenging.
*
P<0.001
*
P=0.013
%
P=0.014 |

5 l I | T\
- 4 <> <> C L >
T
o
3 I S G
§ 3 T «===» €=-=>  «=-=»
. S
] PN P
S 2 <=-=> < ( [ (P
2 v
n
Q
F ]

1 — A} 4

Q1 Q2 Q3 Q4
student groups

FIGURE 3. Violin plots showing a smoothed distribution of responses by students from different groups (divided into quartiles based
on their written partial exam score during continuous assessment: Q1, Q2, Q3 and Q4) to the questions in which significant differ-
ences between groups were found. The dotted line in the violin plots represents the median of the responses to each question. The
size of the bulge in a violin plot is proportional to the frequency of students who chose the grade displayed on the y-axis. Significant
differences are marked on the plots (Kruskal-Wallis test with the Dunn post hoc test). The different panels show responses to the
questions pertaining to (A) the use of online material in learning (Question 1), (B) the amount of effort students put into learning
the course material (Question 2), (C) the usefulness of frequent quizzes for mastering the course material (Question 3), and (D) the

difficulty of the course (Question 7).
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FIGURE 4. Bar graphs showing the results of the crosstabu-
lation analysis. Students’ responses are shown by groups
(divided into quartiles based on their written partial exam
score during continuous assessment: Q1, Q2, Q3 and Q4) to
the questions on: (A) which types of contact classes could be
adequately replaced with online classes (Question S23), (B)
which segments of online classes helped students the most in
preparing the course material (Question S25), and (C) which
types of contact classes students missed the most during
online classes (Question S26).
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same group missed interaction with other students the
least (51.72% vs 70.00%, 62.82%, and 62.32% for Q2, Q3,
and Q4, respectively).

DISCUSSION

The analysis of the survey results revealed several important
findings. First, despite a large amount of digital content, stu-
dents overwhelmingly stated that the practical parts of the
course (anatomical dissection, practical work on cadavers,
prosections and models) were essential for learning the
course material and could not be adequately transferred to
an online environment. Second, students recognized on-
line classes as a useful addition to contact classes, as well
as stated that some segments of contact classes, such as
traditional ex cathedra lectures and some seminars, could
be completely or substantially replaced by online classes.
Finally, the data acquired in this survey suggest that some
differences in students’ responses could be related to how
successful they were in learning the course material.

Practical work remains a key component of a modern
anatomical curriculum

To teach and assess such a difficult course as anatomy in
medical education is both challenging and demanding.
Different universities worldwide offer teaching approaches
that suit their visions and teaching philosophies, spanning
from extremely detail-oriented curricula to curricula devot-
ed to problem solving and a general overview of the un-
derlying structures. The best way of reaching these goals is
yet to be determined, though many agree that a combina-
tion of teaching methods should be used, since none of the
methods individually cover all the learning aims (21,22).

As the international debate on whether cadaver dissection
is necessary in medical education continues, many educa-
tors still favor dissection over other tools (23) and it is still
a preferred teaching method regardless of whether the
anatomist is a “traditionalist” or a “modernist” (21). In our
everyday work, we are challenged with cutting-edge vi-
sualization technologies, and debates have arisen wheth-
er dissection, as the gold standard in anatomy education,
can and should be replaced (12). Our decision to continue
with this traditional method is further supported by our
students’ opinion that dissection is a fundamental tool for
meeting the learning outcomes.

The data obtained in this survey clearly show that stu-
dents consider anatomical dissection to be the most
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useful part of contact teaching. Support for anatomical dis-
section was expressed in some studies (24-26), while other
studies called into question its overall impact on learning
outcomes (14). During dissection, students directly study
the three-dimensional topographic anatomy of the hu-
man body and discuss it in small groups with the aid of
STAs and guidance of the teaching staff. Other types of
practical work, such as demonstrations on cadavers, pro-
sections and models, were also regarded as very useful.

After practical work, during online classes students mostly
missed the interaction with STAs, followed by the interac-
tion with other students. The fact that students evaluated
their knowledge more easily during contact classes than
during online classes supports the notion that through
proper interaction, especially with peers and near-peers
(27), students receive adequate feedback, which then
better guides them while learning the course materi-
al. Such an interaction is vital for the absorption of the
school’s hidden curriculum (28,29). In addition, over half
of the students stated that they missed interaction with
the teaching staff - this sentiment was more pronounced
in the Q1 group than in the other groups. This discrepan-
cy could be explained by the fact that the most successful
students (Q1 group) had less difficulty learning the basic
course material on their own; however, they needed addi-
tional explanations and feedback for more complex con-
cepts, which falls outside the competence of STAs. Even
though the teaching staff regularly posted answers and
detailed explanations to students’ questions on Q&A fo-
rums on the Department’s e-learning platform, this did
not compensate for the level of interaction achieved dur-
ing contact classes.

Notably, students perceived as most useful the types of
contact classes that are organized in small groups (up to
10 students per group), ie, practical classes involving dis-
section, demonstration, or self-guided practical work. The
level of interaction between students, STAs, and teaching
staff in such classes in our curriculum is typically very high.
In contrast, students found traditional contact lectures to
be the least useful type of contact classes — such lectures
are held mostly ex cathedra in front of a large group of stu-
dents (up to 150 students) and the level of interaction is
typically very low. Finally, seminars, which are held in me-
dium-sized groups (usually up to 25 students), were rated
as more useful than lectures, but less useful than practical
classes. This strongly suggests that, at least from the stu-
dents'perspective, the level of interaction greatly deter-
mines the usefulness of contact classes.
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Online teaching can greatly enhance traditional
anatomical classes

Despite recognizing the importance of contact classes, es-
pecially those involving practical work, students also clear-
ly identified the advantages of online learning and con-
sidered online classes a significant and useful addition to
contact classes.

Our data show that contact lectures could almost entirely
be transferred to an online environment since over 90% of
students stated this and only 7% found classical lectures
useful for learning the course material.

Students’ opinions diverged most when it came to semi-
nars, with approximately half of the students considering
seminars to be replaceable by online classes, while the
other half considered seminars to be useful as contact
classes. This can be explained by the level of interaction
students experienced during contact seminars — students
who achieved a higher interaction level with their teachers
during seminars likely found them more useful than those
who achieved a lower interaction level .

Students clearly stated that practical classes could in no
way be replaced by online classes, which is in line with
their sentiment that practical classes are the most useful
part of contact classes.

Interestingly, students found pre-recorded video lectures
to be the most useful segment of online learning, which
is in contrast with their sentiment that lectures were the
least useful type of contact classes. This can be explained
by the following advantages of pre-recorded video lec-
tures over contact lectures: they are constantly avail-
able through the e-learning platform and can be viewed
at students’ leisure; students can re-view them multiple
times, pause them, fast forward or rewind and re-watch
parts they find more difficult to comprehend; this type of
lectures also facilitates note taking or sketching of ana-
tomical structures (30-33). The second most useful aspect
of online classes for students were obligatory online quiz-
zes, which were administered weekly and evaluated pre-
dominantly students’ comprehension and integration of
the course material. Other studies support the positive
effect of frequent quizzes on the final assessment in the
anatomy course (34,35).

In general, it appears that students prefer classes with high
interaction to be carried out as contact classes, while they



Banovac et al: The anatomy lesson of the SARS-CoV-2 pandemic

find classes with low interaction better transferable to an
online environment.

Nevertheless, certain segments of teaching deviated from
this observation. Surprisingly, more students considered
clinical cases more useful in the form of interactive online
lessons (17%) than in the form of contact classes (13.5%),
where clinical anatomy was discussed in small groups of
five or six students. The fact that twice as many options were
offered for the question on online classes as for the ques-
tion on contact classes (12 options vs 7 options — on both
question students could choose only three of the available
options) clearly indicates that students consider clinical
cases in an online format to be superior to those carried
out through contact classes. This could be explained by
the format of interactive lessons, which enables students
to extensively interact with the course material via the user
interface — thus allowing for a deeper understanding of the
topic — even though there is no physical interaction with
another person. The fact that students found active types
of online content to be more useful (video lectures, quiz-
zes, and quiz evaluations) than completely passive types of
content (eg, presentation slides) shows that interaction is
also important in online classes, albeit the way interaction
is achieved in a virtual environment differs from the way it
is achieved in a physical classroom.

Therefore, the goal of creating online teaching content
should not be to simply replace contact classes that entail
a low level of interaction. To the contrary, the online con-
tent that replaces contact classes should be organized in
a way that it allows for greater interaction with the course
material than it would be possible to achieve in equiva-
lent contact classes. This is the reason why lectures and
presentation segments of seminars are ideal for transfer
into an online environment — these elements of contact
classes are not only suitable for an online environment, but
they offer significant benefits when presented in an online
form, if done correctly. Online classes used in this way be-
come a valuable asset in enhancing and enriching the cur-
riculum and supporting contact classes.

Organizing online teaching as described has an additional
benefit for contact classes — transferring suitable segments
of contact classes to an online environment, where stu-
dents watch them before contact classes, frees up time for
other types of classes that students find more useful. Fur-
thermore, conducting weekly quizzes in an online format,
rather than during practical classes as was previously done
in our course, gives the teaching staff more time to estab-
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lish meaningful interactions with students. Similarly, trans-
ferring clinical cases to interactive online lessons allows de-
voting more contact classes to anatomical dissection, while
transferring lectures and presentation portions of seminars
into pre-recorded video lectures (that students can view
before arriving to contact classes) allows devoting more
time in class to relevant discussions with students. Admin-
istrative requirements, such as keeping records of student
test scores and attendance, are also more easily completed
in an online environment. All of this enables the teaching
staff and STAs to better focus on students’needs, teaching,
and practical work during contact classes.

What affects students’ success in the course?

Among the more surprising findings of this survey is that
only a quarter of first-year medical students considered
the anatomy course too demanding, even though our De-
partment maintained its traditional high demand when it
came to anatomical detail-recognition and correct naming
of anatomical structures, while simultaneously increasing
the demands when it came to conceptual understand-
ing of functional and clinical anatomy. Around 40% of the
students considered the course to be adequately difficult,
while a third of the students did not consider the course
too demanding at all - this was even more pronounced
in the Q1 group, where almost half of the students did not
consider the course too demanding. This indicates that
students recognize the importance of learning anatomy in
detail, which is supported by the fact that 87% of students
agreed or mostly agreed with the statement that the re-
quired course material is important for the medical profes-
sion (Question S16).

The large amount of detailed information that has to be
memorized in our course demands that students possess
good organization skills, as well as the ability of long-term
planning of complex and time-consuming tasks. Research
shows that the structural maturation of the prefrontal cor-
tex extends well into the third decade of a human lifespan,
which is connected to the functions of long-term planning,
motivation, and directing emotions (36-40). This is in line
with research showing that young adults nowadays reach
psychosocial maturity at a later age than before (41,42).
These facts should also be considered when discussing
students’success and perceptions of the course.

The data from our survey show that students from the

Q4 group (the least successful on partial exams) re-
ported having prepared significantly less for sem-
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inars and practical classes and that they also used the
available online materials significantly less frequently.
Furthermore, even though the differences between the
time that students from different groups spent studying
anatomy were not significant, students from the Q4 group
spent the least time studying both during contact (11.3%
less time than students from Q1 group) and online classes
(14.5% less time than students from Q1 group). In general,
the more successful a student group was on the exam, the
more time these students spent studying anatomy, and
vice versa.

Finally, student groups differed in the segments of teach-
ing they found useful for learning the course material. The
differences between the groups' responses to the ques-
tions pertaining to contact classes were rather small. How-
ever, for some aspects of online classes these differences
were substantial. Only half as many (around 20%) students
from the Q4 group as students from other groups found
additional explanations of challenging topics useful, while
twice as many (around 40%) students from the Q4 group
found links to animations and video materials useful. Fur-
thermore, students from the Q4 group found online quiz-
zes less useful than did students from other groups, while
they found the evaluation of the online quizzes more use-
ful than did other groups. The Q4 group was also the only
group where a larger portion of students considered pre-
sentation slides as useful. All of this indicates that a larger
proportion of students from the Q4 group had problems
with learning the basic concepts, which is why they found
the content that aids in this (presentation slides, links to
animations, etc) more useful than the content that aids in
acquiring a deeper understanding of the course material
(quizzes, additional explanations). It is also possible that
students from the Q4 groups had, on average, more prob-
lems determining priorities while studying and typically fo-
cused less on the topics being assessed in the exam. This is
supported by the fact that the Q4 group was less success-
ful on the partial exams, but also on the obligatory online
quizzes, which they found less useful than other groups.

It should be noted that the results of our study are most
applicable to anatomy courses with similar curricula, while
certain aspects might not transfer as well to differently
structured anatomy courses.

Conclusions

In conclusion, the results of this survey suggest that: 1)
practical classes, especially anatomical dissection,
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should stay a key component of a modern anatomical cur-
riculum; 2) online teaching is a valuable asset to a modern
anatomical curriculum and can greatly enhance traditional
anatomical classes; 3) interaction (between students, with
STAs, with teaching staff and with the course material it-
self) is vital for determining how students perceive classes
and how effective classes are in aiding students in learning;
4) teaching staff should strive to encourage less success-
ful students to enhance their perception of the course and
the attention to the overall importance of effort, as well as
to empower them for adaptive change.
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