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Background & Objective: Medication errors are among the most serious problems affecting
health systems worldwide. Pharmacists have an essential role in detecting and reducing these
errors. So they should have the vital competencies.

Materials & Methods: An online course was created and uploaded to the Syrian Virtual
University platform. After participants electronic registered, the course was presented in 3
modules, each lasting 7 days, making the total course was 21 days long. Subsequently, a
quasi-experimental study with a pretest-posttest design was conducted on 11 students. Data
for both tests and questionnaire at the end of the course were collected using Google Forms™
links to evaluate students' responses and learning. The data were analyzed using SPSS
software.

Results: Before the intervention, the mean and standard deviations of 11 participants' results
were 55.27 + 15.61, compared to 81.36 = 14.63 after the intervention. There is a significant
difference between the average grades before and after implementing the course (p = 0.003).
There were no statistically significant differences between the average grades of students after
taking the online course and their academic year (p = 0.273) or gender (p = 0.059). The
overall evaluation of the course was positive.

Conclusion: The course has been efficient and positively received by students with its
significant impact on developing students’ competencies that will allow them to work
professionally after graduation and reduce medication errors.

Keywords: E-learning, competency developmen, medication errors, pharmaceutical
education, healthcare quality improvement

Introduction

Medication errors are global challenging preventable
issues that can occur throughout the medication-use
system when the drug is being prepared, dispensed, or
when it is given or taken by the patient (1). The U.S.
Food and Drug Administration (FDA) has indicated that
more than 100,000 reports related to medication errors
are submitted from hospitals, and pharmacies, which
can raise mortality, disability, and hospitalization ratios
or may cause life-threatening situations for patients (2).
The global cost associated with medication errors has
reached about US$42 billion yearly nearly 1% of total
global health expenditure (3). Medication errors cause
at least one death every day and hurt around 1.3 million

people yearly, around 7,000 to 9,000 people die due to
medication errors in the United States of America
alone. While low- and middle-income countries are
estimated to have similar rates of medication-related
errors to high-income countries, unfortunately,
medication errors in Middle Eastern countries
particularly Syria still remain obscure and insufficient
(4, 5). Community pharmacists play a critical role in
patient safety in the medication dispensing process (6).
One study found that patients visited a community-
based pharmacy 35 times per year, compared to a
primary care physician, which occurs on average, 4
times per year (7). This frequent contact with patients
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raises the responsibility of Community pharmacists as
primary healthcare providers in the healthcare system.
Their success depends primarily on the retention of
knowledge and skills (8, 9), which begins at essential
educational levels to foster developing competence. For
Inadequate ~ competencies among  Community
pharmacists, inadequate competencies stemming from
insufficient training and the need for additional
professional education before graduation can increase
the likelihood of medication errors, posing greater risks
to patients.

Various global studies have demonstrated substantial
reductions in the overall incidence of medication errors
through pharmaceutical educational interventions (10,
11, 12. 13). However, in Syria, there is currently a lack
of studies and documented data in this area. The
pharmacy curriculum in Syrian universities is a 5-year
semester-based undergraduate program, leading to a
Bachelor Of Pharmacy (BPharm) degree, commences
with basic academic courses in the first two years that
cover fundamental sciences including (biology, physics,
biostatistics,etc.) in conjunction with their practical
components conducted the laboratories. Subsequently,
delve into the courses related to specialized
pharmaceutical sciences such as (pharmacognosy,
pharmacology, therapeutics, clinical biochemistry, etc.)
over the following three years. Pharmaceutical
apprenticeship is one of the most important courses.
Students can register for it commencing in the third
year as practical training in the community pharmacies
alongside classroom lectures. This course is mandatory
in the Syrian pharmacy faculties and with success being
a basic requirement for obtaining a bachelor's degree in
pharmacy (BPharm), accredited by the Ministry of
Higher Education (14). Where the students should
practice under the supervision of qualified pharmacists
before graduation. However, several pharmacies due to
the Syrian crisis have been closed. Moreover, some
students had to change their places of residence.
Consequently, they encountered several difficulties in
finding qualified guiding pharmacists who can
systematically supervise and train them (9). As a result,
this results in poor pharmaceutical competencies which
contribute to medication error rates, which this can be
prevented by bridging knowledge gaps and enhancing
competencies before practice, with formal systematic
educational intervention (10, 11).

In this regard, the E-learning approach can improve the
knowledge of pharmacy students. It can offer several
valuable strategies to advance professional learning
(15). Several studies support the effectiveness of online

education in enhancing the knowledge and skills of
pharmacy  students  globally  across  various
pharmaceutical topics and contexts (16).

On the other hand, in the Arab World particularly in
Syria and other politically unstable regions, studies
about the effectiveness of e-learning in pharmacy are
still limited. Some studies have demonstrated its
positive effect on  pharmaceutical knowledge
enhancement, despite the many challenges faced, there
is still a need for recommendations for future research
in this field (17, 18).

In this context, online education on clinical
pharmaceutical apprenticeship would be of great
importance to pharmacists to equip them with adequate
training to prevent medical errors. It holds significant
importance for pharmacists. For example, enhancing
knowledge about common medical error scenarios
through the presentation of real pharmaceutical practice
can help pharmacists avoid errors such as adverse drug
interactions, prescription errors, administration errors,
and transcribing errors. Therefore, this study aimed to
evaluate the effectiveness of introducing clinical
pharmaceutical apprenticeship as an online course for a
group of undergraduate pharmacy students over a 21-
day period. The study assessed its impact on their
knowledge levels through pre- and post-intervention
tests, as well as gathering their feedback through a
questionnaire.

Material & methods

Design and setting(s)

This study was a quasi-experimental study employing
pre-test and post-test design conducted totally online for
a nonrandomized group of undergraduate pharmacy
students enrolled in various Syrian pharmacy colleges,
during the academic year 2021-2022.

Participants and sampling

The sample consisted of undergraduate pharmacy
students from various faculties, using a convenience
sampling method. Inclusion criteria required students to
be in their third or fourth year of their undergraduate
program and had completed the pharmaceutical
apprenticeship course offered in their respective
faculties. These eligible students were encouraged to
voluntarily register for the online course. Conversely,
students in earlier years were not included because they
did not meet the academic prerequisites for the course.
The study was conducted on students who met the
criteria and were accepted (females = 9, males = 2),
Their personal information was collected and sent to the
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program coordinator, and then they were provided with
registration access accounts to the Learning
Management System (LMS) platform on the Syrian
Virtual University (SVU) website, where the course
was hosted
https://Ims.svuonline.org/course/view.php?id=2095

Tools/Instruments

Informed consent was obtained from registered
students, A basic instructional video was prepared and
distributed to all registered students at the start of the
first module. The content was divided into three

l,_‘

modules, developed through focused discussions with
faculty tutors as arbitrators to decide the main topics as
an E-content package in five phases: Analysis, Design,
Development, Implementation, and Evaluation (ADDIE
model) is considered the most effective model for
designing online educational courses and training
programs professionally in an academic way (19).

The content was presented sequentially, each module
was of Seven days duration, and the entire online course
was completed in twenty-one days (Figure 1).

Only for students met
inclusion criteria(n=11)

-

Students Electronic
Rejestration

Prepatation phase

Course development as 3
interactive modules
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4

Uploading the course
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A

4

Intervention phase

Course starts as 3 sequential modules, Each module took 7 days,
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Figurel. Research design of quasi-experimental study pretest-posttest single group
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Focused Group Discussions (FGDs) were conducted
continuously during the course period, using a
WhatsApp group.

Three modules' essential lines were developed based on
focused discussions with faculty tutors, acting as
arbitrators to decide the main topics as an E-content
package in five phases: Analysis, design, development,
implementation, and evaluation (ADDIE model).
Intended Learning Outcomes (ILOs) were set for each
module based on Bloom's taxonomy framework
gradient from simple to complex.

The modules were designed as interactive presentations
using Microsoft Office PowerPoint 2007, that were
supported with interactive educational tools. The
content of the course was validated by the supervisor
Prof. Adnan Badour with two other professors (Dr.
Samar Alzeer and Dr.Shaden Haddad) who are faculty
members at Syrian pharmacy colleges and serve as
content experts, before it was uploaded to the learning
management system, according to the essential
information from Syrian pharmacy curricula, and their
practical experiences.

Data collection methods

Pre-test and post-test were designed and prepared in
Arabic language using Google Forms™ links for data
collection, to assess the knowledge level of students
before starting the course, and to determine whether it
had improved after finishing it. The pre-test was
administered immediately before the commencement of
the first module. Each module spanned a duration of 7
days, and the entire course, comprising all 3 modules,
and was completed within 21 days.

It consisted of thirty-one Multiple-Choice Questions
(MCQ) linked to the learning objectives of each
module. The post-test consisted of the same questions
with the same distribution and conducted immediately
after finishing the last module (with a 21-day gap
between two tests). The maximum possible score for
each test was 100. An English version of the test
questions is available in additional file 1.

At the end of the course, a feedback questionnaire was
created using Google form and distributed to
participants through personalized links, for participants
to provide an overall course evaluation. The
questionnaire was designed using the five-point Likert
scale; with 1 indicating strongly disagree, 2 for
disagree, 3 for neither agree nor disagree, 4 for Agree, 5
for strongly agree, and it included 29 items divided into
four sections. Content and test validity were checked

and examined using experts' opinions regarding fluent
writing, and understandable words.

The reliability of the overall questionnaire was verified,
using Cronbach's alpha coefficient, where values
ranging between 0 and 1, and the acceptable threshold
in social studies is 60%. By applying the data obtained,
its value was 0.72, resulting in a validity coefficient of
0.85" for clarity which indicates that the questionnaire
is reliable, valid, and honest.

An English version copy of the questionnaire
statements is available in additional file 2.

Data analysis

Only results from participants who completed all
modules and took both pre- and post tests were
considered. Data were transferred from Google Form™
to Excel format.

The Statistical Package of Social Science software
(IBM SPSS statistic program version 25) was used to
analyze the final data. Descriptive statistics, such as
mean and Standard Deviation (SD), were used to
analyze the study outcomes. The Wilcoxon and Mann-
Whitney tests were employed to compare the changes in
pre- and post intervention scores with a significance
level of (p < 0.05). These tests are typically used for
small data sets rather than large ones and are valuable
for comparing related samples before and after
intervention (20). A five-point Likert scale was adopted
and set as a questionnaire to evaluate students'
satisfaction.  The mean was calculated for each
statement out of 5, and for each section of the
evaluation, then for the total questionnaire. Mean values
and ranges were also used to provide verbal expression
for the mean responses (strongly disagree=1.00-1.8,
disagree = 1.81-2.60, not sure = 2.61-3.40, agree =
3.41-4.20, strongly agree = 4.21-5).

Results

Eleven participants in total (9 Females with a ratio of
82%, and 2 males with a ratio of 18%) were met the
criteria and invited voluntarily to be part of the study.
All participants were from Syrian pharmacy faculties; 5
participants (45.5%) from third-year students, and 6
(54.5%) from fourth-year students.

The results indicate a significant enhancement in
participants' cognitive gains. Prior to the online course,
the mean and standard deviations were 55.27 + 15.61,
whereas, after the educational intervention, it was 81.36
+14.63.

The Wilcoxon test showed a significant difference
between the average grades before and after
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implementing the course (P = 0.003, P < 0.05). When
assessing the effectiveness of the online course based
on academic year, there were no significant statistical
differences between the average scores of students after
completing the course and their academic year (P =
0.273). Similarly, no significant statistical differences
were observed when comparing the average scores of
students after competing the online course based on
gender (P = 0.059). These findings are presented in
Tablel and Table 2.

All participants completed the feedback questionnaire,
resulting in 100% response rate. The overall evaluation
of the course was positive as indicated in Table 3. Some
participants encountered challenges related to the
availability of basic requirements, with a mean score of
2.09 for this statement. Additionally, they suggested
increasing the amount of information and topics
provided in the course, with a mean score of 4.18 for
this statement.

Discussion

The e-learning approach has been a necessity recently,
it is considered a fast, reliable, and effective way for
learning (21), and it has increased significantly during
the COVID-19 pandemic to continue teaching-learning
activities in a safe way (22).

Such crises affect medical students' practical training
and their required competencies, which may reduce the
opportunity to work professionally in the healthcare
system later (23) and raise medication error ratios,
which can be mitigated at the pharmacist level by
intervention with e-learning courses (24), pharmacists
can primarily intercept and report these errors before
they affect patients (25), particularly for those with
limited opportunities to receive training during their
undergraduate level, especially in a low-resource and
unstable environment like Syrian. so this course tried to
come up with a feasible effective way to provide
additional learning opportunities (26).

This study found that the online course effectively
increased students’ knowledge, skills, and confidence.
The results showed that the cognitive gain increased,
and average test scores increased significantly after
course participation.

These findings are consistent with the study of Ruehter
and colleagues (27), and Battaglia and colleagues (28),
who agreed with the use of technology and e-learning
as effective way to facilitate and increase the
knowledge and confidence of pharmacy students.
Additional studies have also discussed the effectiveness
of e-learning in the pharmaceutical field.

Crouch (29) indicated that online introductory
presentations in cardiology pharmacotherapy have
improved student preparation, enhanced their
knowledge about cardiovascular drugs, and were
pleased with the course.

Legris and colleagues (30) designed the study as a
Web-based training program on drug-related problems
in chronic kidney disease. They found that the program
improved participants' knowledge and skills with
acceptable result in their clinical practices.

This result also agreed with Bykhovsky and colleagues
(31) used online videos as e-learning tools, to increase
pharmacy students' information about folic acid and
related neural tube disorders, the results confirmed the
significant role of e-learning in enhancing the
knowledge level of students.

All of the previous studies with different medical topics
have reported, according to their results, the positive
impact of online courses on pharmacy students'
knowledge, and this is compatible with the results of the
current study.

Otherwise, the study of Almaghaslah et al (32) has
shown that the majority of pharmacy student
respondents preferred face-to-face lectures in class over
online modules, indicating less enthusiasm among
pharmacy students for online learning methods within
the pharmacy curriculum. Therefore, it is recommended
and encouraged to find other studies on the impact of e-
learning on the educational attainment of pharmacy
students and their preferences about it. Additionally,
Freeman and co-workers (33) found that a majority of
students preferred traditional lectures within classrooms
compared to e-learning modules. It is noteworthy that a
positive impact on knowledge gain was manifested
across students’ results.

On the contrary, through surveying participants'
opinions in the current study, the preference for the
online course was obvious, and their attitudes towards it
were positive. The mean of the total questionnaire was
4.35 on a 5-point Likert scale.

Table 1. The comparison between students cogantive gain
before and after the intervention

Results of participents n  Mean+SD Minimum Maximum

Before the intervention 11 55.27 £ 15.61 33 79
After the intervention 11 81.36 + 14.63 49 93
“p-value 0.003

Note: *Wilcoxon Signed Ranks Test was used, p < 0.05
Abreviations: n, number of participants; SD, Standard division
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Table 2. Tests results before and after application of the online course with
(post-test Statistics according to variable: Academic year and gender)

Results The test applied The test result p-value a -value
Results of pre and post-intervention Wilcoxon -2.936 0.003
Results of pre and post-intervention (according to study year) Mann-Whitney 9.00 0.273 4 =0.05
Results of pre and post-intervention(according to gender) Mann-Whitney 1.00 0.059

Table 3. Statistical analysis of course evaluation

A. Statements evaluation

Statements number Mean S.D” Expressions
1.1 4.36 0.51  Strongly agree
1.2 4.27 0.47  Strongly agree
1.3 4.27 0.47  Strongly agree
14 4.36 0.51  Strongly agree
15 4.54 0.52  Strongly agree
1.6 4.27 0.47  Strongly agree
2.1 4.73 0.47  Strongly agree
2.2 4.55 0.52  Strongly agree
2.3 418 0.41 Agree
2.4 4.45 0.52  Strongly agree
2.5 4.27 0.47  Strongly agree
2.6 464 052  Strongly agree
2.7 418 0.41 Agree
2.8 4.45 0.52  Strongly agree
29 4.45 0.52  Strongly agree
3.1 2.09 1.04 Disagree
3.2 4.09 0.302 Agree
33 4.36 0.51  Strongly agree
34 4.73 0.47  Strongly agree
35 4.55 0.52  Strongly agree
3.6 4.82 0.41  Strongly agree
3.7 4.82 0.41  Strongly agree
3.8 4.18 0.41 Agree
39 4.45 0.52  Strongly agree
4.1 4.36 0.51  Strongly agree
4.2 4.55 0.52  Strongly agree
4.3 4.09 0.3 Agree
4.4 4.64 0.51  Strongly agree
4.5 4.55 0.52  Strongly agree
B. Section evaluation
Section number Mean  S.D Expressions
1 4.33 0.24  Strongly agree
2 4.43 0.22  Strongly agree
3 4.23 0.22  Strongly agree
4 4.44 0.34  Strongly agree

C. Total questionnaire evaluation

Statements 1.1to 4.5

4.35

0.18  Strongly agree

Abbreviation: SD, Standard division

In the present study, the assessment method was mainly
Multiple-Choice  Question (MCQ) tests; it is
recommended that the methods of assessment should be
extended to include more assessment methods to assess
higher thinking and other interpersonal skills (34). The
current study, an assignment has already been set, but it

was optional because of the limited time for completing
the course.

In addition, participants had been carefully selected,
and statistical tests for both their results and their
opinions surveys were significant. However, the
presented findings can be considered preliminary due to
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the small sample size and short course duration. Future
research will consider these limitations by increasing
the sample size and increasing the course duration to
ascertain the findings.

This work has created new learning opportunities and
opened wide horizons for students of medical colleges.
Online education has already begun in the Syrian Arab
Republic, leading to significant studies in various
medical fields. For instance, one study focused on
evidence-based medicine as an asynchronous online
course and found that it effectively improved the
competencies of Syrian health professionals (26).

In the dental field, multiple studies have demonstrated
the effectiveness of online education. One study showed
its positive impact on dental students' knowledge of
dental pain management and the local anesthesia
methods (35), while another highlighted its benefits in
improving the learning of undergraduate dental students
in Special Care Dentistry (36). Additionally, an
investigation into medical coding as an online course
among medical graduates revealed that it effectively
increased their knowledge in this area (37). These
studies shed light on the experience of online medical
education in Syria, indicating promise for health
professionals in the Arab world despite limited
resources and challenges. Nevertheless, further work is
needed to enhance the design and delivery of online
education in the Arab world (38).

Conclusion

The findings of the present study demonstrate that the
online pharmaceutical apprenticeship course was
successful, despite encountering some challenges.
Following the educational intervention, the student's
knowledge levels showed significant improvement
compared to before, which is expected to positively
impact their competencies as future community
pharmacists and primary healthcare providers. The
improvement is crucial for effectively reduce
medication errors, which can be prevented through
proper training and knowledge. The higher average
scores attained by students indicate that e-learning can
be an effective solution for generating new learning
opportunities and expanding the perspectives of
students in medical colleges, particularly pharmacy
students.
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