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Abstract

Background: The COVID-19 pandemic has forced the introduction of many changes into medical student edu-
cation. The aim of the study was to evaluate medical students’ perceptions of a Pharmacology course delive-
red at a Polish medical university before and during the pandemic. Materials and methods: A cross-sectional
anonymous survey conducted among medical students. Results: 90 out 122 students participated in the study.
The vast majority of students found pharmacology to be a difficult subject. The surveyed group of students
preferred active methods of learning, including: teacher explanations (86.5%) and discussions (70.8%) during
in-person classes, real-time student-teacher meetings via dedicated web-based platforms (73%) during online
classes. Students most often described e-learning as interesting (58.9%) and timesaving (52.2%). Less than 30%
described it as stressful, difficult, time-consuming and boring. The most commonly reported advantage was the
possibility for students to adjust their pharmacology study-time to a more personalised schedule (82.5%). The
main disadvantage included the loss of in-person face-to-face contact with the teacher (61.8%). Conclusions:

Overall, students held positive attitudes towards the new teaching format and adapted well to the new con-
ditions. Modern innovations enabling medical students to continue their studies efficiently and effectively
during the pandemic must be developed and introduced into practice.
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The World Health Organization’s (WHO) declaration of
the coronavirus disease 2019 (COVID-19) outbreak as
a pandemic had serious implications in all areas of human
activity — health care systems, travel, employment etc. [1].
The spread of this virus also had significant consequences
on higher education as universities were required to shift
from in-person teaching to online education [2-6]. This new
form of education had to be implemented immediately with-
out any preparation from either the students or staff [7]. In
Poland, the closure of all educational institutions, including
universities, occurred in mid-March 2020, which was ap-
proximately halfway through the second semester of the ac-
ademic year [8]. The closure of medical schools was consid-
ered particularly important, due to concerns around medical
students being potential vectors for COVID-19 during their
rotations between hospitals and health departments [9].
Thus, all courses taught within the Faculty of Medicine at
Polish medical universities were shifted from the in-person
modality to online.

Pharmacology is considered a core pre-clinical subject
within the curriculum at the Medical University of Gdansk. It
is taught during the 3rd year of the medical studies and con-
sists of 100 didactic hours comprising lectures, seminars and
exercises. During this course, students gain basic knowledge
about pharmacology, toxicology and prescribing medication.
The classes are spread over two semesters and the course
ends with a multiple-choice exam. From the beginning of
the pandemic, all pharmacology classes, mid-semester ex-
ams, oral exams and the final exam were performed online.
Since the change to the online modality, both the teaching
and studying of pharmacology has been challenging for
teachers and students. To achieve the highest standards of
education the following methods were applied: individual
consultations, classes conducted in real-time via specialised
web-based platforms e.g. Zoom, self-directed work, teacher
feedback and the delivery of pre-recorded materials. The ex-
ams were held using the Moodle and Zoom platforms.

The aim of this study was to evaluate medical students’
perceptions of the delivery of the pharmacology course
before and during the COVID-19 pandemic (academic year
2019/2020).

Material and methods

This was a cross-sectional survey that was distributed
online (via Google Forms). Following the completion of the
Pharmacology and Toxicology subject, medical students
(from the English Division group) were asked to complete
the survey. The link to the survey was made available to
students on the online course learning portal, and each stu-

dent was invited to provide their opinions on both the reg-
ular face-to-face and online pharmacology classes. In the in-
troduction of the survey, it was explained that the obtained

results will be used for practical and scientific purposes.
Participation in the study was voluntary and the survey was

anonymous. The respondents did not receive any incentives

for participating in the research. The questionnaire was pre-
pared in English and consisted of 12 items which were based

on the authors’ didactic and research experience. A total of

11 questions were directly related to the examined problem

and comprised: 6 multiple choice questions, 2 single answer

questions, 2 VAS-scale questions and one open-ended ques-
tion relating to students overall opinions on the e-learning

format. The last question was related to the gender of the

participants. The survey was conducted in June-July 2020.

Statistical Analysis

The responses for each question were collected and cal-
culated (frequencies and percentages) using StatisticaTM
(TIBCO Software Inc., Palo Alto, CA, USA). For the statistical
analysis, the Chi-square test was applied to determine any
correlation between the two selected variables, e.g. com-
paring difficulty of regular classes to that of e-learning (Sta-
tistica version 13).

A total of 90 out of a possible 122 medical students par-
ticipated in the study (response rate 73.8%), of whom 65.6%
(n =59) were female and 34.4% male (n = 31 male).

Perceived difficulty of subject

The first question concerned general information about
the course. The intention of this question was to determine
the perceived difficulty of pharmacology as a subject for the
examined students. Overall, 71 students (78.9%) rated the
subject ‘difficult’, 8 (8.9%) found it very difficult, 10 consid-
ered it to be ‘easy’ and no students rated it ‘very easy’. There
were no statistically significant differences between the
gender of the students and the perceived difficulty of the
subject (p > 0.05).

Sources of information relied
upon by students

The most commonly identified sources of information
relied on by students when studying the subject included:
teachers, recommended books and classes. In their qualita-
tive answers, 6 students listed the use of the Sketchy Phar-
macology program (Fig. 1).



How to teach pharmacology to medical students during COVID-19... 35

Where do you find information for the pharmacology course?

The teacher

Books recommended
by the teachers

Classes

Other books
and materials

Internet

Lectures

Other 13.2%

0% 10% 20%

R

16.7%

B7.2%

50% 60%

78.9%

78.9%

717.8%

#.4%

70% 80% 90%

Figure 1. Sources of information used by students (several answers possible, n = 90)

What teaching style/structure do you prefer during regular,
in-person pharmacology classes (exercises and seminars)?

Teacher explanation
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Figure 2. Students’ opinions on teaching methods applied during regular classes (n = 89)
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Teaching practices
utilised in the
in-person and
online teaching
modalities

During the regular (pre-pandem-
ic) classes various teaching methods
were applied. Most students pre-
ferred active methods such as teacher
explanations of problems on the white
board (86.5%) and discussion (70.8%).
Passive methods involving self-direct-
ed work (41.6%) and multimedia pre-
sentations (19.1%) were generally not
considered to be interesting (Fig. 2).

For online classes (during pan-
demic), teaching methods were mod-
ified and adjusted to the new circum-
stances. For the majority of students
(73%) real-time meetings with the
usage of special web-based commu-
nication software, e.g. Zoom, was
considered the best teaching prac-
tice. Similarly, in comparison to the
teaching-style/structure preferences
of regular in-person classes, self-learn-
ing and individual consultations were
favoured by less than half of partici-
pants (40.4%) (Fig. 3).

Student perceptions
of e-learning

Students were asked to choose
out of a selection of seven adjectives,
which best described their percep-
tions of e-learning (several answers
were possible). The students listed
them in the following order: inter-
esting (58.9%), time-saving (52.2%),
stressful (27.8%), difficult (26.7%),
time-consuming (21.1%), easy (14.4%)
and boring (14.4%).

Students were also asked to
describe the advantages and dis-
advantages of e-learning. The most
commonly reported advantage re-
lated to the flexibility of the studying
schedule. Students appreciated be-
ing able to adjust their pharmacology
study-time to a more personalised
timeframe (n = 74; 82.5%). On the
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What teaching style/structure do you prefer during online
pharmacology classes?

Online meeting using tools
such as Zoom

Materials (presentations)
with reordered teacher’s

mal classes in-person with

the teacher. Two students
reported no perceived ad-
vantages and a further two
reported no perceived dis-
advantages (Table 1).
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Figure 3. Students’ opinions on education methods applied during on-line classes (n = 89)

other hand, the lack of in-person face-to-face contact with
the teacher was the most commonly indicated disadvantage
(n = 55; 61.2%). Other disadvantages included: increased
stress due to having to do more studying alone, disruptions
during class-time caused by family members, stress due to
technical issues, perceived difficulties with student-teach-
er communication by e-mail and perceptions that they are
learning less than what they would if they were attending nor-

Student percep-
tions of the difficul-
ty of pharmacolo-
gy learning based
on the modality

In the next pair of questions students were asked to as-
sess the perceived level of difficulty in learning pharmacolo-
gy based on the format in which it is delivered: in-person vs.
online. A 10-point VAS scale was used with 0 indicating ‘very
easy’ and 10 indicating ‘very difficult’. An overall range of

Table 1. Advantages and disadvantages of e-learning according to medical students

Advantages Number of L) Disadvantages Number of
students (n = 90) students (n = 89)
Possibility to adjust Impossible to have
learning pharmacology 74 82.5 in-person face-to-face 55 61.8
to my private time contact with the teacher
. Stressful exams
Being at home 62 68.9 and colloquia 46 51.7
Impossible to have real
I:EJS ngqrfgiiti?)glse 58 64.4 discussions with other 44 49.4
Y students
Other 6 6.6 Other 16 17.6
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0-4 denoted ‘easy’ and a range of 6-10 was ‘difficult’; 5 indi-
cated the median, i.e. neither easy nor difficult. Overall, for
the face-to-face format of teaching, 24.4% of students con-
sidered pharmacology to be easy and 51.1% found it difficult,
with the remainder neutral (number 5). However, for the on-
line classes, only 15.6% of students felt that learning phar-
macology through a web-based format was easy and 76.4%
found it difficult, the remaining 8% felt it was neither diffi-
cult nor easy. The mode answer value was calculated as 5 for
regular classes (22 students, 24%) and 7 for online classes
(20, 22.5%). For regular classes the mean was 5,6 and medi-
an 6, and in the case of face-to-face classes the values were
6.5 (mean) and 7 (median). The differences in the perceived
levels of difficulty between the two formats was statistically
significant (p = 0.03). The results are presented in Figure 4.

Feedback from students

In the open-ended question students gave an overall
evaluation of the online format of the classes. A total of 13
students reported that they were satisfied with e-learning
and thanked the teachers for their good organization, and
only two reported that they were dissatisfied, indicating that
they preferred regular classes. A further nine students list-
ed some improvements that could be made to the classes
including better organization, less material to learn, better
access to the information.

How difficult do you find learning pharmacology

based on how the classes take place?

0 — very easy, 10 — very difficult

37

With reference to future classes, the majority of stu-
dents (18) agreed that online meetings via a dedicated web-
based platform (e.g. Zoom) were the best solution for con-
ducting e-learning. Furthermore, 9 students indicated that
pre-recorded lectures or seminars could be helpful in terms
of allowing them to re-watch sessions, giving them the op-
portunity to learn the content at their own pace. A total of
12 students indicated that interactive discussions between
teachers and students to solve case-based problems, as well
as broader explanations of the material and interactive tasks,
were essential for good e-learning. Individual work assign-
ments and working in small groups was perceived as being
beneficial for nine students.

Our survey describes medical students’ perceptions of
the differences in studying a pharmacology subject via two
different modalities: e-learning during the COVID-19 pan-
demic vs. regular in-person classes. In general, the vast ma-
jority of surveyed students considered the pharmacology
subject difficult. This indicates that students may have to
put in a lot of effort to learn this subject.

Pharmacology is considered a cornerstone subject in
tertiary education health science curricula [10]. Therefore,
there is a growing need for the implementation
of effective and efficient pharmacology education
methods to obtain satisfactory learning outcomes.
This challenge during the novel coronavirus pan-
demic took on a new form; since the start of the
outbreak, the priority has been focused on en-
suring the safety and well-being of students, pa-
tients and staff members. Thus, the universities

30%

were forced to introduce online learning, which
required a prompt modification of the applied

25%

teaching methods and strategies.
When considering the teaching approach-

i, [ ¥/ \\

es, this study indicated that during face-to-face
classes students favoured active forms involving
both them and teachers. Similar answers were

reported for online teaching — students singled
out methods which mimic real-life meetings with

teachers. i.e. live classes conducted on a platform

5% \\
0%

that enabled direct communication. Furthermore,
prescribed books as well the teachers’ own knowl-
edge were considered the most relied upon re-

mmmmm  regular clases msmmmm  ON-line clases
Figure 4. Students’ opinions on level of difficulty of pharmacology

classes based on how it is delivered: online vs. regular

sources whilst studying.

With respect to the examination methods,
alarge number of students indicated that online
tests with the usage of multiple-choice questions
were the best tools for assessing knowledge.
However, some students stressed that these
exams formats may generate stress due to the
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potential for technical problems. Teachers from the King’s
College London School of Medical Education proposed an
open-book exam (OBE) instead of exam-hall settings, which
was adopted by many schools [11]. Such approaches de-
crease student anxiety and may also have an impact on
cheating and plagiarism.

The newly adopted online teaching format has many per-
ceived advantages. Researchers from the UK claimed that the
online classes allowed students to return to their homes and
families where they felt more comfortable [11]. A study con-
ducted among medical and surgery residents showed that
this form of education is less time-consuming and therefore
students could spend the time saved on reading academic
journals, doing practice questions, completing other hospital
work, working on research and volunteering [12]. Similar ob-
servations were made by medical students from the Kingdom
of Saudi Arabia. Additionally, the authors agreed that online
learning was more successful within basic medical sciences
or preclinical subjects [13]. Moreover, online learning could
decrease the absences of the students at the classes and re-
duce the pathologies related to their making up [14].

Other advantages listed by students in our survey includ-
ed a flexible learning schedule as well as being able to study
in a more comfortable setting at home. On the other hand,
the major disadvantage was a lack of in-person contact with
the teacher. Overall, students found online learning interest-
ing and time-saving however, also perceived some aspects
of it to be difficult. Similar results were found by researches
from another Polish medical university. Medical students
most frequently indicated the following advantages: access
to online materials, learning on their own peace, ability to
stay at home and comfortable surroundings. For these stu-
dents the technical problems, lack of interactions with pa-
tients and decreased interaction with the teacher were the
most common disadvantages [15].

A study of 1255 health care students from various coun-
tries, showed that positive perceptions and prior experiences
of e-learning are closely related to the level of country de-
velopment. The researchers also claimed that e-learning was
more effective in acquiring theoretical knowledge in compar-
ison to clinical and technical skills [16].

The preparation and adaptation of regular coursework to
the online format may present a significant challenge for ed-
ucators and requires comprehensive preparation to ensure
that they are simple and uncomplicated for students. This
shift to online learning became crucial during the COVID-19
pandemic and imposed on teachers practical and logistic
hindrances. Therefore, medical schools and their staff must
cooperate together to deliver transparency, communication
and online resources for the new type of education [17]. Fur-
ther research is needed to determine interesting and effec-
tive ways of delivery health-based content via online teach-
ing. The implications of the current shift to e-learning for the

future of medical education is difficult to predict, however
it may change forever the education of subsequent genera-
tions of physicians [18].

Limitations

Our study has some limitations. It was conducted only at
one medical university, however the study included a vari-
ety of participants from many countries, as the study sample
comprised the English-language student group, and so none
of the students were Polish nationals. Moreover, the study
was conducted only among selected medical students from
the 3rd year, which limits the generalisability of our findings.

The COVID-19 pandemic had a significant impact on the
conditions of academic teaching. Teachers and students were
required to shift immediately from in-person to online teach-
ing. In general, pharmacology students at a Polish university
were receptive to the new situation and adjusted to the ex-
traordinary conditions. However, it required more effort from
both the teaching staff and students themselves to continue
with a consistent level of learning. The preferred methods
for online learning were those that mimicked regular classes,
i.e. student-oriented teaching, real-time classes and discus-
sions. It must be emphasised that the teaching of a compli-
cated subject, such as pharmacology, during this pandemic
has been challenging and required the development of new
methods of active learning/teaching. The far-reaching conse-
quences of online learning have not yet been discussed and
may become the subject of future studies.
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