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Abstract. This study, with its potential to significantly impact the field of medical
education, is a testament to the active participation and invaluable contributions of a
cohort of 59 first-year medical students. These students, the future of medical practice,
shared their perspectives on two distinct methods of learning microscopic anatomy—
traditional glass slide and microscope-based lessons versus online microscopical anato-
my lessons employing the virtual slides in the Histology Guide website. They attended
traditional microscopic anatomy lessons using a histology glass slide and a light micro-
scope; the same group attended online lessons using virtual slides. Their feedback was
gathered through a comprehensive questionnaire of 27 questions, which assessed effec-
tiveness, convenience, engagement, and overall preference. Our quantitative and quali-
tative results clearly show that the same students who attended both the in-person and
distance microscopic anatomy labs, while appreciating the usefulness and effectiveness
of the two types of experiences, significantly prefer the in-person microscopic anatomy
labs, judging the latter to be more interactive, due to the possibility of being able to
directly use an optical microscope and slides containing histological preparations and
the opportunity to work in groups with other students, being able to interact directly
with the lecturer in the classroom. The remote experience of the light microscopy lab
also allowed them to access it at their preferred times and review the lab several times
during their available time. As reflected in the findings, these students’ preferences and
perceptions regarding these contrasting educational modalities offer insights crucial for
refining anatomy teaching practices in medical education.

Keywords: microscopy, virtual microscopy, microanatomy, medical education, tech-
nology-enhanced instruction.
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INTRODUCTION

Understanding medical students’ preferences
between distance learning and face-to-face teaching, par-
ticularly in the context of the COVID-19 pandemic, is a
topic of significant interest. Our study, which stands out
for its novel and explicit comparison of the traditional
glass slide and microscope-based lessons with online
microscopical anatomy lessons employing the virtual
slides on the Histology Guide website, builds on the
valuable insights provided by numerous studies in this
area. For instance, Khalil et al. (2020) examined under-
graduate medical students’ perceptions of synchronized
online learning during the pandemic, revealing a shift to
online methods (Khalil et al., 2020). Similarly, Abbasi et
al. (2020) highlighted students’ perceptions of e-learning
during COVID-19, indicating a transition to online plat-
forms (Abbasi et al., 2020). However, Rahm et al. (2021)
noted that despite the necessity of e-learning due to the
pandemic, medical students initially preferred face-to-
face teaching in clinical settings (Rahm et al., 2021).

Similarly, medical students’ preferences for micro-
scopic anatomy labs have been studied, particularly in
the context of the COVID-19 pandemic. Studies have
explored students’ perceptions of online versus tradi-
tional face-to-face teaching methods for anatomy educa-
tion. Singal et al. (2020) found that most students missed
traditional anatomy learning, including face-to-face lec-
tures and mentor interaction. Similarly, Mahdy & Sayed
(2022) reported that while a significant percentage of
students were satisfied with online learning materials
for anatomy, there was still a preference for face-to-face
teaching. This sentiment was echoed by (Mahdy & Ewai-
da, 2022), who highlighted that students missed various
aspects of anatomy education, including face-to-face lec-
tures and interaction with mentors.

Practical lessons in microscopic anatomy can classi-
cally be conducted either in-presence within the micro-
scopic anatomy laboratories, through traditional micro-
scopic anatomy teaching methods, using classical light
microscopes and histological preparations on slides that
are observed and discussed together with students, or
through online microscopic anatomy learning platforms,
where students are at a distance and use their comput-
ers to observe histological preparations, always guided
by the lecturer who is remotely located (Hortsch et al.,
2023A, B; Meyer, 2023).

Also related to technology’s increased use and low
cost, virtual microscopy is increasingly replacing the
traditional use of microscopes and histological slides
in microscopic anatomy laboratories, with both advan-
tages and disadvantages to students (Hortsch et al.,
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2023A). The use of laboratories equipped with optical
microscopes and adequate collections of histological
preparations may be costly for those universities where
these resources are not possessed. At the same time,
the increase in the number of students attending Italian
medicine and surgery course degrees requires, in many
cases, a sharp rise in rotations within the available lab-
oratories due to the small number of faculty members
available for this type of practical activity. The use of
technology, in these cases, can be of great help to prop-
erly carry out this practical part of the study of micro-
scopic anatomy. However, it must always be able to lead
to the self-directed and independent learning that stu-
dents need (Meyer, 2023).

In this study, our primary objective was to analyze
the perceptions of the students who, in conducting the
course on the microscopic anatomy of the respiratory,
digestive, and urogenital systems, have experienced both
types of hands-on laboratories in the presence and at a
distance. We aimed to understand their preferences,
engagement levels, and overall satisfaction with these
contrasting educational modalities.

MATERIALS AND METHODS
The course of the human anatomy module 2

Module 2 of the human anatomy course of the mas-
ter’s degree program in medicine and surgery in the Fac-
ulty of Medicine and Psychology at the Sapienza Univer-
sity of Rome covered the study of the macroscopic and
microscopic anatomy of the lymphoid system, respira-
tory system, digestive system, urogenital system, male
reproductive system, and female reproductive system.
This teaching module was held in the first year, second
teaching semester, from March to May of the academic
year 2022-2023. Students enrolled (n=220) who attended
at least 67% of the mandatory Anatomy Module 2 course
were eligible for an ongoing examination with oral and
practical tests (autopsy identification of the organs,
microscopic examination, and diagnosis of the structure
of the organs.

Students took, in addition to the theoretical lectures
given in the classroom, N. 2 macroscopic anatomy labs
with the cadaver using the prosection, N. 4 macroscopic
anatomy labs using the Sectra® 3D anatomical table, and
the following hands-on microscopic anatomy lectures
(delivered both in-person and remotely):

A) four practical laboratories on microscopic anato-
my conducted in the presence at the laboratories of the
Department of Anatomical Histological, Medical-Legal,
and Locomotor Sciences, in the presence of the lecturer
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who showed histological preparations using an optical
microscope equipped with a camera connected to moni-
tors on the tables where each student had a slide similar
to the one shown by the lecturer and an optical micro-
scope that they used. Practical laboratories included the
study of microscopical anatomy of the following organs:
1) the trachea and lungs, 2) the esophagus, stomach, and
duodenum, 3) the mesenteric small intestine and large
intestine, and 4) the lymph node and spleen.

B) four practical laboratories on microscopic anato-
my delivered remotely using computers and the Histol-
ogy Guide website (Sorenson and Brelje, 2014). In this
case, the lecturer showed the specimens by sharing their
screen with the remotely connected students. The lec-
ture, delivered through the Google platform of Sapienza
University of Rome, was recorded and saved in a drive
shared with the students who could independently see
the lecturer’s explanation. Later, the same students could
log on to the site and independently view the prepara-
tions for the desired time. It should be pointed out that
the platform allows dynamic viewing of the entire his-
tological preparation, moving the field and varying the
magnification used. The four hands-on distance learn-
ing lectures included the study of microscopical anatomy
of the following organs 1) the liver and pancreas; 2) the
kidney and urinary bladder; 3) the uterine tube, uterus,
and ovary; and 4) the testis, epididymis, and prostate.

Student sampling

Students enrolled in the first year of the master’s
degree program in medicine and surgery in the Faculty
of Medicine and Psychology at the Sapienza Universi-
ty of Rome were enrolled in the study after taking the
entire Human and Clinical Anatomy module 2 for at
least 67% of the mandatory anatomy module 2 course.
The students asked to complete the evaluation question-
naire were selected from those who had attended at least
three in-person and at least three distance workshops.
The selection was conducted randomly, using simple
random sampling. There were 56 students enrolled in
completing the questionnaire (n=56; n=39 female and
n=17 male, mean age SD = 19.91.02).

Students’ views

The questionnaire used in this study, validated by
Familiari et al., 2013, was administered after the last
microscopic anatomy course laboratory lesson to all
the students who had attended at least three of the four
microscopic anatomy labs either remotely or in their

presence. The students were asked to fill out the ques-
tionnaire anonymously. Informed consent to participate
was obtained from each student after the aim and pur-
pose of the study had been thoroughly explained, ensur-
ing the validity and reliability of the data collected.

The questionnaire consisted of three subsections,
A-C. Subsection A was devoted to evaluating the virtual
microscopy laboratory, subsection B was dedicated to
assessing the in-person microscopy laboratory, and sub-
section C consisted of dichotomous items regarding the
reasons behind their preferences. More than one answer
to the questions proposed in subsection C of the question-
naire was possible. Subsections A and B contained nine
items related to the laboratory types, distance, and pres-
ence, respectively. Students responded to each item using
a 5-point Likert scale (1=strongly disagree, 2=disagree,
3=neither agree nor disagree, 4=agree, 5 = strongly agree).

Subsection C contained descriptive items mainly
dealing with the reasons that had determined students’
preferences between distance and in-person microscopic
anatomy practical laboratories.

Data analysis of students’ views

Individual responses obtained using the Likert scale
were treated as variables measured at equivalent intervals
and then means and standard deviation were computed
as adequate statistics for this measurement level (Cari-
fio and Perla, 2008; Finney & Di Stefano, 2013). Pairwise
comparisons of sections A and B were performed using
the t-Student test. Statistical significance was estab-
lished at p<0.05. The size effect was calculated using the
Cohen’s-d test. The general guidelines for interpreting the
effect size are as follows: 0.2 = small effect; 0.5 = moder-
ate effect; 0.8 = large effect (Lakens, 2013).

Cronbach’s Alpha coefficient assessed the internal
consistency of items from sections A and B. A Cronbach’s
Alpha value higher than 0.70 is adequate for the question-
naire’s internal consistency (Bland and Altmann, 1997).
The data were analyzed using IBM-SPSS 27 (https://www.
ibm.com/it-it/analytics/academic-statistics-software).

RESULTS
Questionnaire Sections A and B

As shown in Table 1, the answers showed that a very
high number of students expressed their appreciation for
both types of courses, online and in-person. In both cas-
es, the mean scores were far higher than the “theoreti-
cal” mean of 3.
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Table 1. Student answers are given as mean and standard deviation to questions in sections A and B of the questionnaire.

Questions Mean SD

Al How much did you enjoy the virtual microscopy lab experience? 4,36 0,724
A2 How helpful was the virtual microscopy lab experience in understanding microscopic anatomy? 4,07 0,71
A3 How engaging was the virtual microscopy lab experience? 3,57 0,499
A4 To what extent did the virtual microscopy lab experience meet your learning needs? 3,79 0,948
A5 How likely will you recommend the virtual microscopy lab experience to other students? 4,57 0,599
A6 How comfortable were you with the technology used in the virtual microscopy lab experience? 4,34 0,815
A7 How clear were the instructions provided for the virtual microscopy lab experience? 4,29 0,706
A8 How sharp were the digital images for the virtual microscopy lab experience? 4,43 0,628
A9 How satisfied were you with the virtual microscopy lab experience overall? 4,57 0,628
B1 How much did you enjoy the in-presence microscopy lab experience? 4,71 0,456
B2 How helpful was the in-presence microscopy lab experience in understanding microscopic anatomy? 4,29 0,594
B3 How engaging was the in-person microscopy lab experience? 4,32 0,716
B4 To what extent did the in-presence microscopy lab experience meet your learning needs? 4,07 0,806
B5 How likely will you recommend the in-presence microscopy lab experience to other students? 4,64 0,483
B6 How likely will you recommend the in-presence microscopy lab experience to other students? 4,36 0,483
B7 How clear were the instructions provided for the in-presence microscopy lab experience? 4,23 0,539
B8 How sharp were the images seen with the microscope for the in-presence microscopy lab experience? 4 1,079
B9 How satisfied were you with the in-presence microscopy lab experience overall? 4,68 0,606

We compared the items related to the same aspect
of the course using a t-test for paired samples. The fol-
lowing table (Table 2) presents the results of this analy-
sis. As can be easily seen, except for Items 6 and 7, all
the comparisons were statistically significant, evidenc-
ing a higher appreciation for the “in presence” labora-
tory. Cohen’s d indices of effect size evidenced moderate
to large effect size for the statistically significant effects,
except for items 5, 7, and 9, whose effect sizes were small.

To obtain a summary score of appreciation of
Online and Presence courses, we aggregated the scores
across, respectively, the nine items related to these
courses. Aggregating these scores is legitimate by the
very high Cronbach alphas (being .98 and .95, respec-
tively, for the online and the in-presence laboratory). The
mean average scores for the online and in-presence labs
were 4.21 (SD = .65) and 4.38 (SD =.57). These aggre-
gated scores confirm the strong appreciation of the two
courses. The mean difference between the scores was
-.162 resulting statistically significant, t(55) = -8.128,
p>.001, d= -1.086.

Questionnaire Section C

The questions in section C of the questionnaire
were partly dichotomous and devoted to highlighting
the motivations behind the students’ preferences in the
study. On the first question about the preferred over-

Table 2. Results of statistical analysis between the responses of sec-
tions A and B of the questionnaire.

Mean 8
Difference T P Cohen's d
Al vs. Bl -0,357 -5,528 <,001 -0,739
A2 vs. B2 -0,214 -3,873 <,001 -0,518
A3 vs. B3 -0,75 -12,845 <,001 -1,717
A4 vs. B4 -0,286 -4,69 <,001 -0,627
A5 vs. B5 -0,071 -2,057 0,022 -0,275
A6 vs. B6 -0,018 -0,207 0,418 -0,028
A7 vs. B7 0,054 0,83 0,205 0,111
A8 vs. B8 0,429 5,104 <,001 0,682
A9 vs. B9 -0,107 -2,569 0,006 -0,343

all experience, the virtual microscopy lab received no
response; 14.3% of the students stated that they had no
particular auto preference, while 85.7% indicated that
they preferred the in-person lab experience (Fig. 1).

The second question was devoted to indicating what
the student had liked about the in-person lab experi-
ence. The student could select more than one of the four
response options. 100% of the respondents indicated that
they appreciated having a hands-on experience with the
light microscope; 85.7% of the students stated that they
enjoyed the very interactive experience; 75.4% of the
respondents indicated that they appreciated being able
to see slides with histological preparations in person;
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Which experience did you prefer overall?

The in-person lab
experience; 85,70%

90,00% (1
80,00%
70,00%
60,00%
Ao | had no preference;
40,00% 14,30%
The virtual
o ;
A microscopy lab
20,00% experience; 0,00% .
10,00%
i

0,00%

Figure 1. Students’ opinion about the preferred overall experience.

and 33.3% stated that they enjoyed being able to work in
groups with other students (Fig. 2A).

On the other hand, the third question was devoted
to exploring what the student did not enjoy from the in-
person laboratory experience. The student could select
more than one of the four response options. None of
the student respondents (0.0%) highlighted difficulties
in using the light microscope or handling glass slides;
35.7% of the students indicated less flexibility in terms
of schedules; 14.3% of the students showed the need to
be physically in the lab, while only 7.2% indicated, under
“other,” difficulty in getting to the location (Fig. 2B).

The fourth question indicated what the student had
enjoyed about the virtual microscopic anatomy lab expe-
rience. Again, the student could select more than one
of the four response options. 71.4% of the students sur-
veyed indicated that they liked the ability to access the

What did you enjoy about the in-person lab experience?

Having first-hand
experience with the
light microscope;

Having been
able to see
slidesin person;

Having a more interactive

o
100% experience; 85,70%

90% 100% 75% Vm)
80% e F
Having the
70% opportunity to
60% work in groups
with other
50% students;
o 33,30%
30% Other (specify):
20% none; 0%
10%
-2 = - 2
0%
A

Figure 2. Students’ opinion about the in-person lab experience.

lab experience remotely; 64.3% of the students stated
that they preferred the ability to review the lab experi-
ence at their own pace, while 35.7% indicated that they
preferred the ability to zoom in and out of images. 7.5%
of students indicated, under “other,” explaining all histo-
logical structures examined in detail (Fig.3A).

On the other hand, the fifth question was devoted to
exploring what the student did not enjoy from the dis-
tance laboratory experience. The student could select
more than one of the four response options. None of the
students surveyed (0.0%) indicated difficulty using the
technology, while 72.6% indicated less interactivity with
other students or the lecturer; only 21.4% stated a lim-
ited ability to ask questions in real-time. Some students
(14.3%) indicated under “other” that they did not like
the proposed schedules, suboptimal audio quality, and
problems with the remote connection (Fig. 3B).

In the sixth question, students were asked which lab-
oratory experience, remote or in-person, they perceived
most helpful in understanding microscopic anatomy.
57.2% of students indicated that both experiences had
been equally beneficial. 35.7% stated the in-presence lab-
oratory experience as more functional, while only 7.3%
indicated the virtual microscopy laboratory experience as
more practical. No students (0.0%) showed that the two
experiences were perceived to be of little use (Fig. 4).

The last three questions in section C were devoted to
the specificity of the content compared to the classroom
lecture.

In the seventh question, students were asked wheth-
er the in-person laboratory experience provided content
different from the classroom anatomy microscopy lec-
ture. 57.1% of students responded that in these in-person
labs, they had covered some of the same content as the

What did you not enjoy about the in-person lab experience?

Less flexibility in terms of

10,00% schedule; 35,70%

35,00%
30,00% The need to be physically in
the lab; 14,30% :
25,00% Other (specify):
J difficultyin
20,00% getting the
J Difficul location; 7,20%
9 [ ifficulty using
. the light
10,00% microscope or
' handling glass =
5,00% slides; 0,00%
0,00%
B
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What did you enjoy about the virtual microscopy lab experience? What did you not enjoy about the virtual microscopy lab experience?
. The ability to review the lab Less interactivity with other students or the instructor; 72,60%
The ability to access the lab experience at your own pace; =
80,00% | experience remotely; 71,40% | | 64,30% B090% =i
70,00% i 70,00%
Other
60,00% The ability to zoom 60,00% {specityl:
50,00% _Irvandroutoon S ‘sp“‘f“f” 50,00% Limited ability to | | suboptimal
images; 35,70% all microscopic ask questions in audio,
40,00% structures 40,00% -1 ; % i
explained; 7,50% Difficultyin g i i
30,00% (i 30,00% using the / problems;
\ ‘ technology; - 14,30% |
20,00% \ | 20,00% vy
10,00% m 10,00% ]
0,00% 0,00%
A B
Figure 3. Students’ opinion about the virtual microscopy lab experience.
Which laboratory experience was mast helpful in understanding theoretical lectures but in a different way and with a dif-
. ? . H
el ferent emphasis. 28.6% responded that the in-person labs
BlERper s had covered some additional and more detailed content
; | were equally i
60,00% | Thein-personlaboratory /" helpful.;57,20% than the classroom lecture. At the same time, only 14.3
experience; 35,70% A .
o ’ percent of students thought the in-person labs covered
50,00% N [/ . .
’ 5 i the same topics as the classroom course, with no par-
N/ . . .
40,00% v e ticular differences (Fig. 5A).
m:;r:;i';‘;alah Similar results were obtained in the responses to the
2P.00% experience; | Neither eighth question, in which students were asked wheth-
7,30% | experience was h " 1 1ab . ided hi
20,000 / advantageous.; er the virtual laboratory experience provided teaching
| 0.00% content different from the regular lecture on micro-
/ L . . .
10,00% 5 scopic anatomy. In fact, in this case, 49.7% of students
\ |
— A answered that the virtual laboratory had covered some
,00%

of the same content as the theoretical lectures but in
Figure 4. Students’ opinions about the most helpful lab experience.

Do you think the in-person laboratory experience provided different Do you think the virtual microscopy lab experience provided teaching
educational content than the regular course lecture on microscopic content different from the regular course lecture on microscopic anatomy?
anatomy?
Yes, it covered some of the same
Yes, it covered some of the same content asthe | _— content as the cou e Iectul'e, but in
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Figure 5. Students’ opinions about the educational content of the two lab experiences.
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Which laboratory experience provided different educational content
than the usual lecture on microscopic anatomy?

90,00% Both experiences provided
80.00%  different educational content.;
84,90%
70,00%
60,00% :
The in-person

50,00% laboratory The virtual
40.00% experience.; microscopy

. 15,10% laboratory
30,00% experience.; Neither
20,00% == 0,00% experience
10,00% rl

g T

0,00%

Figure 6. Students’ opinions about different educational content
between labs and lectures.

a different way and with a different emphasis. 35.7%
responded that the virtual labs had covered some addi-
tional or more detailed content than the theoretical lec-
tures. At the same time, only 14.6% of students indicated
that the virtual labs had covered the same content as the
theoretical lectures in the course (Fig. 5B).

The last question, the ninth, directly compared the
two experiences. Students were asked which labora-
tory experience had provided different educational con-
tent than the usual classroom lectures on microscopic
anatomy. In this case, 84.9% of the students responded
that both experiences had provided different education-
al content; only 15.1% identified the in-person labora-
tory experience; no student (0.0%) indicated the virtual
microscopy laboratory experience. No students (0.0%)
indicated that none of their experiences had provided
different educational content (Fig. 6).

DISCUSSION

Our quantitative and qualitative results clearly show
that the same students who attended both the in-person
and distance microscopic anatomy labs, while appreciat-
ing the usefulness and effectiveness of the two types of
experiences, significantly prefer the in-person micro-
scopic anatomy labs, judging the latter to be more inter-
active, due to the possibility of being able to directly use
an optical microscope and slides containing histologi-
cal preparations and the opportunity to work in groups
with other students, being able to interact directly with
the lecturer in the classroom.

The remote experience of the light microscopy lab
also allowed them to access it at their preferred times and
review the lab several times during their available time.

The teaching methods delivered to students regard-
ing the curricular structure of microscopic anatomy
teaching, microanatomy didactics and laboratory,
microscopy laboratory format, and other shared learning
resources are similar to those of universities worldwide
(Hortsch et al., 2023A). The site used for our remote
microscopic anatomy laboratories, “Histology Guide”
(Sorensen and Brelje, 2014), also appears to be on the list
of open, freely accessible websites cited and used in the
international literature (Hortsch et al., 2023).

Medical students’ preferences for microscopic anat-
omy labs, whether in a distance learning or face-to-face
setting, have been a subject of interest, particularly in
the context of the COVID-19 pandemic. Studies have
explored students’ perceptions and attitudes toward
online versus traditional teaching methods in anatomy
education. For instance, a study by Sarkar et al. (2022)
found that more than 90% of students preferred tradi-
tional anatomy teaching over online methods, indicat-
ing a strong preference for face-to-face interactions in the
context of anatomy education. This preference for conven-
tional teaching methods aligns with the sentiment that
certain aspects of anatomy education, such as practical lab
sessions, are best delivered in a face-to-face setting.

For instance, Gellisch et al. (2022) conducted a
randomized experimental field study where medi-
cal students attended either regular face-to-face classes
for microscopic anatomy or the same practical course
online using the Zoom videoconferencing platform. This
study provides insights into how students perceive and
engage with online versus traditional face-to-face micro-
scopic anatomy classes.

On the other hand, research by Totlis et al. (2021)
aimed to determine the impact of the COVID-19 out-
break on anatomy teaching and compared traditional
anatomy teaching with remote modalities, highlighting
the shift towards online educational methods during
the pandemic. This study sheds light on the challenges
and adaptations in anatomy education brought about by
the pandemic, emphasizing the need to explore alterna-
tive teaching approaches to ensure continuity in educa-
tion. Zarcone & Saverino (2021) detailed experiences
during the COVID-19 pandemic, where online plat-
forms like Microsoft Teams and 3D anatomical mode-
ling programs were used for teaching microscopic anat-
omy. This shift towards online platforms underscores
the adaptability of medical education in response to
challenging circumstances.

Furthermore, the study by Vinson (2019) empha-
sized the importance of the anatomy lab experience
as a form of professional socialization, where students
learn practical skills and interact with peers in a simu-



132

lated clinical setting. This highlights the unique role of
hands-on learning in anatomy education and suggests
that face-to-face interactions in the lab setting may offer
valuable learning experiences that are challenging to
replicate in online environments.

In a study by (Ortadeveci et al., 2022), it was not-
ed that while theoretical aspects of anatomy could be
presented remotely, face-to-face teaching was deemed
essential for the practical components of anatomy edu-
cation. This finding underscores the irreplaceable value
of hands-on experience in microscopic anatomy labs,
where students engage directly with anatomical speci-
mens. Additionally, Cuschieri & Narnaware (2022)
emphasized the importance of practical sessions in aid-
ing medical students’ understanding of basic sciences
like anatomy and retaining knowledge effectively. Practi-
cal sessions reinforce theoretical knowledge and enhance
students’ comprehension of complex anatomical struc-
tures.

Overall, the literature suggests that while online
platforms offer flexibility and adaptability, there is a
strong preference among medical students for face-to-
face teaching in microscopic anatomy labs. The hands-
on nature of anatomy education, the value of practical
experience, and the unique learning environment pro-
vided by traditional lab settings contribute to students’
inclination towards face-to-face teaching for microscopic
anatomy. Balancing the benefits of online and traditional
teaching methods is essential to cater to diverse learn-
ing preferences and ensure a comprehensive educational
experience for medical students.

In conclusion, while there is a growing trend toward
incorporating online and remote teaching methods in
anatomy education, especially in response to the chal-
lenges posed by the COVID-19 pandemic, the prefer-
ence for face-to-face teaching in microscopic anatomy
labs remains strong among medical students. Students
value the hands-on nature of anatomical dissection and
the interactive learning experiences offered in traditional
lab settings. This highlights the importance of balancing
technological advancements with preserving practical,
experiential learning in microscopic anatomy education.

LIMITATIONS OF THE STUDY

The limited number of students who participated
in the study, belonging to only a one-course master’s
program, represents a limitation of the research, even
though this degree program has fewer students enrolled.
Further analysis is needed to explain the differences
in the usefulness and effectiveness of the two types of
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experiences in teaching microanatomy laboratories in a
multicenter national study.
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APPENDIX

SECTION A. The virtual microscopy lab.

1=strongly

. 3=Neither agree 4=agree 5 = strongly
disagree

Questions .
nor disagree agree

2=disagree

Al How much did you enjoy the virtual microscopy lab
experience?

A2 How helpful was the virtual microscopy lab experience
in understanding microscopic anatomy?

A3 How engaging was the virtual microscopy lab
experience?

A4 To what extent did the virtual microscopy lab
experience meet your learning needs?

A5 How likely will you recommend the virtual microscopy
lab experience to other students?

A6 How comfortable were you with the technology used in
the virtual microscopy lab experience?

A7 How clear were the instructions provided for the virtual
microscopy lab experience?

A8 How sharp were the digital images for the virtual
microscopy lab experience?

A9 How satisfied were you with the virtual microscopy lab
experience overall?

SECTION B. The in-person microscopy lab.

1=strongly

=Neith = 1
Questions S 3=Neither agree 4=agree 5 = strongly
disagree

2=disagree .
nor disagree agree

B1 How much did you enjoy the in-presence microscopy
lab experience?

B2 How helpful was the in-presence microscopy lab
experience in understanding microscopic anatomy?

B3 How engaging was the in-person microscopy lab
experience?

B4 To what extent did the in-presence microscopy lab
experience meet your learning needs?

B5 How likely will you recommend the in-presence
microscopy lab experience to other students?

B6 How comfortable were you with the technology during
your in-presence microscopy lab experience?

B7 How clear were the instructions provided for the
in-presence microscopy lab experience?

B8 How sharp were the images seen with the microscope
for the in-presence microscopy lab experience?

B9 How satisfied were you with the in-presence microscopy
lab experience overall?
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SECTION C. in-person vs. remote microscopy

Questions Preferences

C1 Which experience did you prefer overall? The virtual microscopy lab experience
The in-person lab experience
I had no preference.

C2 What did you enjoy about the in-person lab experience? Having first-hand experience with the light microscope
(You may select more than one option) Having been able to see slides in person
Having the opportunity to work in groups with other
students

Having a more interactive experience

Other (specify):
C3 What did you not enjoy about the in-person lab experience? The need to be physically in the lab
(You may select more than one option) Difficulty using the light microscope or handling glass slides
Less flexibility in terms of schedule
Other (specity):
C4 What did you enjoy about the virtual microscopy lab experience? The ability to access the lab experience remotely
(You may select more than one option) The ability to zoom in and out on images
The ability to review the lab experience at your own pace
Other (specify):
C5 What did you not enjoy about the virtual microscopy lab experience? Difficulty in using the technology
(You may select more than one option) Less interactivity with other students or the instructor
Limited ability to ask questions in real-time
Other (specity):
C6 Which laboratory experience was most helpful in understanding The in-person laboratory experience
microscopic anatomy? The virtual microscopy lab experience.

Both experiences were equally helpful.
Neither experience was advantageous.
C7 Do you think the in-person laboratory experience provided different No, it covered the same content as the course lecture.
educational content than the regular course lecture on microscopic anatomy? Yes, it covered some additional or more detailed content than
the course lecture.
Yes, it covered some of the same content as the course
lecture, but in a different way or with a distinct emphasis.

C8 Do you think the virtual microscopy lab experience provided teaching No, it covered the same content as the course lecture.
content different from the regular course lecture on microscopic anatomy?  Yes, it covered some additional or more detailed content than

the course lecture.

Yes, it covered some of the same content as the course
lecture, but in a different way or with a different emphasis.

C9 Which laboratory experience provided different educational content than The in-person laboratory experience.
the usual lecture on microscopic anatomy? The virtual microscopy laboratory experience.
Both experiences provided different educational content.
Neither experience provided different educational content.




	Elio Raviola, obituary
	Saverio Cinti1,*, Paolo Mazzarello2, Domenico Ribatti3
	The anatomical wax collection at the University of Bologna: bridging the gap between tradition and scientific innovation
	Maria Vittoria Marvi, Ester Orsini, Giulio Vara, Antonietta Fazio, Irene Neri, Foteini Dionysia Koufi, Elisa Lodolo, Elisa Boschetti, Lucio Cocco, Lucia Manzoli, Stefano Ratti*
	Rare case of adult truncus arteriosus from the Vernon-Roberts Museum of The University of Adelaide (Australia)
	Arthur Saniotis1,*, Veronica Papa2,3,4, Joanna Mietlińska5, Francesco M. Galassi1,5
	Congenital Horner Syndrome in art: the case of a historical Austro-Hungarian soldier
	Andreas G. Nerlich1, Francesco Maria Galassi2, Antonio Perciaccante3,4, Simon Thomas Donell5, Raffaella Bianucci4
	Exploring the genetic and pathobiological pathways of talipes equinovarus: a short narrative review 
	Yasir Naseem Khan1,2,*, Mohammad Imad A. Mustafa Mahmud1
	A study of acromion morphology and morphometry in north indian population and its significance in subacromial impingement syndrome and rotator cuff tears
	Ritika Sharma1, Rajan Sharma2,*, Rajan Kumar Singla3, Jagdev Singh Kullar4
	Upper limb arterial development theories used to explain arterial variations in adults
	Aobakwe Sebelebele*, Nkosiphendule Xhakaza
	Characteristics of a few observed variants of renal arteries, and their prehilar branching with kidneys morphometry
	‘Daniils Trošins1,*, Dzintra Kazoka2, Mara Pilmane2
	Early debates on urination in ancient Greek medicine
	Paola Saccheri
	A linguistic clarification for four key anatomical terms
	Francesco M. Galassi1,a, Elena Varotto2,a, Marco Artico3,*, Flavio Forte4
	Persistent primitive hypoglossal artery: a case study with a dissertation on its embryo-pathological rationale
	Flavio Forte1,2, Massimiliano Danti3, Marco Pace4, Mauro Palmieri5, Alessandra Serraino5, Marco Artico6, Francesco Maria Galassi7,*
	Thinking anatomical science education in the future, beyond the limits
	Giuseppe Familiari
	Two hundred years of the Anatomia universa of Paolo Mascagni (1755-1815): a milestone in the history of medicine and an innovative and modern approach to medical education 
	Davide Orsini1,◊, Mariano Martini2,3,◊, Daniele Saverino4,*, Anna Siri3
	Evaluating the effectiveness of drawing as a pedagogical tool in teaching histology and human anatomy to dental and allied health sciences: a three-year observational study
	Charbel A. Basset1, Giovanni Franscesco Spatola1, Maria Laura Uzzo1, Abdo Romanos Jurjus2, Angelo Leone1,*
	Anatomical education and its innovations: an interdisciplinary, hands-on, team-building approach
	Mina Zuccaro, Francesco Girolamo*
	Perceptions of italian medical students on human dissection and modern technology in anatomy learning
	Pasquale Bandiera1,#, Maria Alessandra Sotgiu1,#,*, Vittorio Mazzarello1, Antonio Bulla2, Laura Saderi3, Andrea Montella1, Bernard John Moxham4
	The role of innovation technology in teaching and learning strategies in anatomy curricula in dental hygiene school
	Davide Gerardi1, Sara Bernardi1,*, Eada Meta2, Serena Bianchi1, Guido Macchiarelli1
	A comparative quali-quantitative analysis of student perspectives on microscopic anatomy labs: traditional glass slide versus virtual slides approach
	Michela Relucenti1,†,*, Claudio Barbaranelli2, Loredana Cristiano3, Pietro Familiari4, Selenia Miglietta1, Orlando Donfrancesco5,†, Giuseppe Familiari1,†
	Representing the Body. From variety to the perfection of convention: the anatomical plates of the Leonetto Comparini Anatomy Museum, University of Siena
	Mariano Martini1, Davide Orsini2, Daniele Saverino3,*, Margherita Aglianò4, Daniela Franci4, Paola Lorenzoni4, Stefano Ottoboni5
	Accessible anatomy education: the Utibilius Project as a model for inclusive learning
	Riccardo Ruffoli1,*, Michela Ferrucci1, Paola Lenzi1, Beatrice Casini1, Gianfranco Natale1,2

