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Aims: This study aimed to determine the effect of E-learning on the understanding of appropriate antibiotic prescribing (AAP) by medical
students and to assess their satisfaction with this method. Materials and Methods: This quasi-experimental study was conducted among the
physiopathology students of Kashan University of Medical Sciences in the first and second semesters of 2020-2021. Students were divided
into E-learning education as an intervention group (IG) and face-to-face education as a control group (CG). After the final examination, the
mean scores of students in both groups were compared. In addition, the level of students’ satisfaction in the IG with E-learning method was
assessed using a standard questionnaire. Data were analyzed using SPSS 22. Results: We included 85 and 47 students in the CG and IG. The
mean and standard deviation (SD) of the understanding score about antibiotics in the E-learning group and the face-to-face education group
were 18.8 + 1.26 and 17.16 + 1.93 out of 19, respectively, which were statistically significantly different (P = 0.004). The mean and SD of the
overall score of satisfaction of the students in the IG was 85.48 =23.08 out of 130 points (medium level). Furthermore, the level of satisfaction
of male students was significantly higher than female students (P = 0.009). Conclusion: E-learning was effective in improving the process of
educating students to the AAP. This education method can be used as an alternative or complementary of face-to-face education, especially
in critical conditions such as the pandemic of diseases including COVID-19.
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INTRODUCTION The inappropriate use of antibiotics has negative health
consequences and can lead to various side effects including
antimicrobial resistance (AMR).®! Therefore, the World Health
Organization (WHO) and other health organizations in some
developed countries have prioritized the appropriate antibiotic
prescribing (AAP).”! There is some evidence about lack of

Antibiotics are among the most frequently used medication
groups. They must be used appropriately to provide optimal
benefits. To have maximum benefits of antibiotics, the
prescribing and using these medications must be appropriate,
while a significant proportion of antibiotics are prescribed
inappropriately.l'?l Approximately, 31%—50% of antibiotic Tl G i R B e
prescribing is inappropriate, which reaches 75% in surgical Health Information Management Research Center, Kashan University of
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knowledge in physicians and medical students about antibiotics
prescribing.l'®! Due to the low confidence in the prescribing
the antibiotics and insufficient knowledge of medical students,
there is a need for more training in this area.!'”

Education is widely recognized as one of the basics of successful
management programs in antibiotic prescribing. The WHO
stated an effective training in antibiotic prescribing during the
undergraduate medical curriculum is an important strategy
to promote the appropriate use of antibiotics.!"] Educational
interventions improve physicians’ antibiotic prescribing, but
traditional tools and methods may be insufficient to meet
the complex demands of healthcare professionals.!'* It is
recommended to use educational solutions that are timely,
efficient, pragmatic, high quality, aligned to the needs of the
professional in a specific context, sustainable, and cost-effective.'3)

The sudden outbreak of COVID-19 at the end of 2019, in
addition to health care, affected other areas including student
education.') After the spread of this disease throughout the
world, various organizations and health policymakers have
always emphasized maintaining health protocols, observing
social distance, reducing travel, and doing work remotely.!'*!
As well, there is possible to occur other critical conditions like
COVID-19 or the closing the educational institutions.

In this regard, many countries have stopped face-to-face
education in schools and universities to control and reduce
the prevalence of this disease and also to maintain social
distance.l' To avoid further disruption in the education
of students and the continuation of their curricula, various
solutions were suggested. One of the most important strategies
was to use E-learning methods. These methods were used
during the lockdown of universities and schools with the aim
of helping educators and professors to teach students.['¥]

E-learning involves the effective use of information
technology (IT) to support teaching and includes the use of
digital tools and media. This technology supports face-to-face
processes, online learning, as well as combining traditional
classroom methods with online approaches.!'”) E-learning,
Online learning, or web-based learning is a current educational
pattern that has created an environment which provides easier
access to course-related study materials, instructions, and
applications for medical students all the time.*?!

The E-learning has played an effective role in educating AAP
by physicians.?>?3 This technology could also be used as an
alternative to face-to-face training to improve patient-related
outcomes such as AMR and mortality. The results of a study
showed that E-learning in a limited period can significantly
improve the performance of medical students in antibiotic
consultation therapy. The results of another study®®! showed
that the use of internet-based education could lead to a
significant reduction in the antibiotic prescribing for patients
with acute respiratory infections in Europe.

Although it has been emphasized on the use of educational
methods to AAP,*! the results of a meta-analysis!'¥ showed

that the traditional educational interventions have not had a
significant effect on improving AAP in Iran. In this study, the
use of IT-based interventions and evaluating their effects on
antibiotic prescribing was recommended.

Based on our literature review, there was no study that
investigated the effect of E-learning on understanding medical
students toward antibiotic prescribing in Iran. Therefore, due to the
stopping face-to-face training in the COVID-19 pandemic or future
critical conditions, and using IT-based interventions; this study
aimed to determine the effect of E-learning on the understanding
of AAP and comparison with the face-to-face education among
medical students. At the final, the level of students’ satisfaction
with the E-learning method was only evaluated.

MaTeriALs AND METHODS

This quasi-experimental study was conducted with a control
group (CG)in 2019 at KaUMS (Iran). The CG included all profit
physiopathology medical students (PMSs) in the first semester
of the academic year 2019-2020. This group participated in
the face-to-face classroom of the relevant professor (Ph.D.
in pharmacology). The intervention group (IG) also included
all profit PMS in the second semester of the academic year
2019-2020. Both groups received the same educational content
from the same professor based on their approved course
content (code: 1111754).2% The educational content was based
on Katzung’s book on clinical pharmacology.?” The sections
related to the AAP are provided to students. The electronic
content (EC) was a video that created by Camtasia Studio 2019
software and presented to students by the professor, weekly.
The period of both courses was 4 months.

An academic learning management system (LMS) (called:
NAVID) is used in the KaUMS. Registering and using this
LMS was explained to the IG before the beginning E-learning
course. The EC was submitted by professor in the NAVID. To
ensure the students received and read the EC, a reminder short
message was sent weekly.

After the end of E-learning and face-to-face courses, a
similar examination with 19 questions was used including
four dimensions of selecting the appropriate antibiotics,
understanding the side effects of in AAP, familiarity with
the types of antibiotics and their mechanism of action, and
understanding the spectrum of effect and clinical application
of antibiotics from both groups. All questions in both groups
were same and had four options and were designed by the
professor. The professor also evaluated the questions and
assigned a score to the students.

The examination for control and IGs were conducted in person
and virtually, respectively. Two examination supervisors were
in the meeting place to reduce the students’ cheating in the
CG. For this purpose, there were multiple ways for the IG
including displaying one question on each page, limitations
in going back to previous pages, and the order of questions
being different for all students.
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At the end of the E-learning course, the students’ satisfaction
with this method was evaluated using a standard questionnaire
applied in the YS Wang study. This questionnaire has five
dimensions of satisfaction with the educational content, system
user interface, personalization, learning community, and
global satisfaction. The questionnaire also had a 5-point Likert
scale (from strongly agreeing to strongly disagreeing) with an
option (this question is not related to topic with a score of zero).

Translation of the questionnaire was conducted by the researchers,
initially. To ensure cross-cultural adaptation, the questionnaire
was translated back to English by an English translator expert.
The demographic questions of age, gender, marital status, place
of residence, and previous experience of using E-learning were
added in the demographic questions’ section. The face validity of
the questionnaire was examined and modified by three specialists
in pharmacy, medical informatics, and health information
management. The reliability of the questionnaire was also
calculated using Cronbach’s alpha (ot = 0.94). This questionnaire
was presented to IG after completing the virtual training course
through the NAVID.

Data were analyzed using SPSS.22 (IBM, Chicago, IL,
United states). The descriptive statistics was used to calculate
frequency, percentage, mean and standard deviation (SD).
After checking the data normality, #-test, analysis of variance,
and analysis of covariance analytical tests were used. Giving
consideration to the maximum and minimum scores related
to each of the satisfaction dimensions, the level of students’
satisfaction in the IG with the E-learning method was divided
into high, medium, and low categories.

ResuLts

A total of 132 students participated in face-to-face
education (n = 85) and E-learning groups (n» = 47). The mean
and SD of age in the face-to-face and E-learning groups
were 22.96 + 0.81 and 23.81 + 2.76 years, respectively.
Approximately 46% and 57% of the students who participated

in the face-to-face and E-learning courses were male,
respectively [Table 1].

The results showed that the mean scores of E-learning
group in terms of understanding the consequence of in
AAP (mean = 5.62), classification of antibiotics based on the
mechanism of the action (4.87), and the antimicrobial spectrum
of clinical application of antibiotics (3.8) were significantly
higher than the face-to-face group (P < 0.044) [Table 2].

The findings of the study showed that 87% (n = 41) of the
students in the IG were satisfied with the E-learning method
and 81% of them (n = 38) believed that using this method
was successful. Approximately 63% of the students (n = 30)
considered the content used in the E-learning method useful
and 53% of the total students (n = 25) were agree that the
content of this course was sufficient and appropriate for their
needs. Furthermore, more than 63% of students (n = 30)
believed that the educational content used was new and up
to date. Almost 85% of students (n = 40) agreed that the
E-learning was easy to use and more than 32 students (61%)
found the E-learning system user-friendly and easy to find
and understand. The satisfaction levels with the different
dimensions of E-learning. Accordingly, the mean and SD of
the overall score of students’ satisfaction was 85.48 + 23.08
out of 130. The dimensions of the global and the learning
community had the highest and lowest levels of satisfaction
among students, respectively.

In addition, the overall satisfaction score of E-learning
group with this method was 85.48 + 23.08 out of 130,
which was medium, and this score except for the students’
gender (P = 0.009), had no significant relationship with
their age, marital status, and place of residence during
educating (P > 0.05) [Table 3].

Discussion

The study revealed that the use of E-learning method could
have a positive effect on medical students’ understanding

Table 1: Frequency distribution of the participants in terms of demographic variables

Demographic information

Frequency (%) P

Face-to-face group E-learning group

Age (years), mean 22.96+0.81 23.81£2.76 0.04*
Gender
Male 39 (46) 27 (57) 0.207
Female 46 (54) 20 (43)
Marital status
Single 76 (89) 40 (85) 0.46°
Married 9 (11) 7(15)
Address
Kashan 29 (34) 14 (30) 0.907
Other cities in Isfahan province 25(29) 16 (34)
Neighboring province of Isfahan province 7(8) 3(6)
Other provinces 24 (28) 14 (30)

*Independent ¢-test, "Covariance test
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Table 2: Mean and standard deviation of the score between face-to-face education and E-learning groups

Dimension IG (E-learning group)  CG (face-to-face group) t P
Selecting the right antibiotic (out of 4) 3.79+0.51 3.69+0.69 1.44  0.151
Understanding the consequence of inappropriate antibiotic prescribing (out of 6) 5.62+0.709 5.25+0.858 252 0.013
Classification of antibiotics based on mechanism of the action (out of 5) 4.87+0.39 4.70+0.53 2.04  0.044
The antimicrobial spectrum of clinical application of antibiotics (out of 4) 3.80+0.379 3.57+0.624 2.60  0.01
Total (out of 19) 18.08+1.26 17.16+1.93 293 0.004

IG: Intervention group, CG: Control group

Table 3: Students’ satisfaction with different dimensions of E-learning course

Dimensions under consideration Frequency (%) Mean+SD Level
Content
Low 9(19) 14+4.28 (out of 20) Medium
Medium 15 (32)
High 23 (49)
Learner interface
Low 7 (15) 35.93+£10.35 (out of 55) Medium
Medium 26 (55)
High 14 (30)
Personalization
Low 9(19) 15.93+4.84 (out of 25) Medium
Medium 24 (51)
Much 14 (30)
Learning community
Low 15 (32) 11.57+4.42 (out of 20) Medium
Medium 20 (43)
High 12 (25)
Global satisfaction (the E-learning system is successful)
Low 4(8) 8.04+1.94 (out of 10) High
Medium 6(13)
High 37(79)
Total (as a whole)
Low 8(17) 85.48+23.08 (out of 130) Medium
Medium 22 (47)
High 17 (36)

SD: Standard deviation

about antibiotics in the most of the studied dimensions. effect on improving the AAP in Iran while the use of IT-based
However, the effect of using this method in choosing an  interventions may be more effective in this practice.'” The
appropriate antibiotic dimension had no significant difference ~ results of some studies™*! are in line with our results. The
with the face-to-face educational method. In addition, the  results of another study showed that the combined education
results of the study showed that the overall satisfaction of ~ method (traditional and E-learning) has been more successful

students using the E-learning with all aspects related to this ~ in increasing the score of pharmacology students.™ It is
method is medium. suggested to use E-learning method as a complementary

o . method along with face-to-face.
The study showed that training the students by E-learning

compared to the face-to-face method has a significant effect ~ 1he study showed thqt there was no siggiﬁcant differer}ce
on understanding the side effects of in AAP, familiarity with ~ Petween both groups using face-to-face training and E-learning
different types of antibiotics and their mechanism of action,and 1 terms of the mean scores’rgi?ted to antibiotic selection.
the spectrum of effect and clinical application of antibiotics. The results of Sikkens ef al.’s™) study showed that the use

Based on our knowledge, no study has not considered the effect of E-learning method ,an .51gn1ﬁca.1n.tly lmProve, studer.lts
of E-learning on the above dimensions, yet. It is suggested that knowledge about the antibiotic prescribing, which did not align
these dimensions be considered in the’ i tl'll'e studics with our findings. It seems that one of the possible reasons for

the difference in these results is the duration of the intervention,
The results of a meta-analysis showed that most traditional ~interval between conducting the intervention, and type of the
educational interventions on physicians had not a significant evaluation.
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The results of this study showed that students’ satisfaction
with E-learning was medium. However, the most students
were satisfied with the variety of provided education in the
E-learning method and stated the use of this method was
successful. In compliance with these findings, the results
of a study by Moreira et al.®V showed that the most of the
learners were satisfied with the E-learning course on breast
imaging. Furthermore, they stated that participating in this
course was a success for them. A study by Sikkens et al.l*!
shows a positive evaluation on the use of E-learning method
by students and believed that this learning method increased
students’ self-confidence about the antibiotic prescribing
process. In addition, the results of a study,*?) showed that
distance learning during the COVID-19 pandemic was a
successful implementation. Students were generally satisfied
with that and online assessment, but the clinical skills learning
is critical care for the students. Another study®* also showed
that students and staff were satisfied with the E-learning
environment. They believed that E-learning method had
improved their technological skills.

The use of E-learning techniques and E-learning systems
are a new method that used in Iran’s universities in recent
years. The lack of widespread use of this method in Iranian
universities of medical sciences like KaUMS and also the
students’ unfamiliarity with E-learning may be affected
students’ satisfaction.

The COVID-19 has caused disruptions in the students’
education process. Then, E-learning can reduce the
problems associated with the disruption of the students’
face-to-face education, greatly. Doing some studies on the
educating the principles of AAP is suggested. Furthermore,
the use of E-learning method might save the cost and time
for individuals and educational institutions and reduces
travels. Due to the effectiveness of E-learning method
on students’ knowledge about antibiotic prescribing,
various educational institutions and universities can invest
and develop this educational method to continue their
educational activities effectively, especially in critical
conditions. Continuing education centers can also provide
regular courses for physicians and medical students to help
increase their knowledge about antibiotics.

This study was performed in one of the high-prevalence
COVID-19 cities on two semesters of students of KaUMS.
Continuity of the studies on a larger population can increase
the generalizability of the results. The assessment of the
students’ understanding is a subjective process. The subjective
assessments are not always strong. However, in this study, an
attempt was made to strengthen the structured and systematic
assessment approach. In addition, to the evaluation of
students’ satisfaction, qualitative methods such as interviews
are recommended. In addition, we were not sure about the
content sharing or discussion between students which may be
affected our results.

CoNCLUSION

The E-learning method is successful in increasing students’
understanding toward AAP. This educational method caused
a relatively satisfaction among the students. Therefore, the
E-learning can be used as a complementary or alternative
method to face-to-face education in the AAP. It seems the
E-learning method can be used in the educating students in
other fields. It is recommended to use this method in critical
conditions such as COVID-19 or the closing the educational
institutions.
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