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Introduction

Abstract

Background: This study aims to evaluate the effectiveness of an online Moodle-based lesson for
pharmacy students developed and designed for a research course focused on different
methodologies, study variables, and research process applications. Methods: An experimental
research methodology was used to determine the effectiveness of the Moodle-based lesson. All
fourth term Pharm.D. students were required to complete and provide self-reflection reports.
The outcome variables were cluster-based completion time, earned score, subjective feedback
on contents, gender differences, and performance. Mean values were used to conduct statistical
analysis, and a logistic regression model was applied to identify the significance of independent
variables. Results: A total of 35 students completed the Moodle-based lesson. The mean earned
score for the module was 81.0%, with an average completion time of 28.5 (range 26.8-30.1)
hours. Females showed completion in less time compared to males. The reported knowledge and
understanding showed a significant (p<0.001) pre-post increase in mean percentages in all three
clusters. The intragroup pool analysis also reported significant (p<0.001) differences among
gender and performance. The general feedback was limited to technical difficulties and self-
reflection questions. Conclusions: The findings of this study showed that the online Moodle-
based lesson module for a research course is an effective and validated tool to improve the
knowledge and understanding of pharmacy students.

Nations Educational,  Scientific  and Cultural
Organization), more than 190 countries have resorted to

On 30 January 2020, the World Health Organization
(WHO) declared COVID-19 a public health emergency of
international concern (PHEIC). All countries were advised
to initiate strategies such as avoiding travel, preventing
secondary transmission, promoting early detection,
among other measures (International Health Regulation
- WHO, 2020). Covid-19 had spread rapidly, leading to a
13-fold rise in cases, which then was characterised as a
pandemic (Media briefing — WHO, 2020). Other
worrisome effects were on the economy, employment,
leisure and hospitality, travel sector, and education
sector (Muro, Maxim & Whiton, 2020). Precautionary
measures have been taken globally to cope and reduce
the spread of the virus. According to UNESCO (United
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swift closure of schools and universities, thus affecting
almost 90% of the student's world population (UNESCO,
2020 & MOE UAE, 2020). However, the closure of
schools and universities has not led to halting education.
Indeed, with technological advancement, traditional
teaching has been changed into modern online teaching.
In the UAE, the government has announced the closure
of schools and universities until the end of the academic
year and has instructed them to continue classes
through distance mode (Ko & Rossen, 2017).

Shifting from traditional style, i.e., where the instructor
and student are in a classroom, to online teaching should
be carried out with proper planning. Online teaching or
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e-learning is defined as delivering a course with the help
of the internet, e.g. using applications, Learning
Management Systems, or others (Sun & Chen, 2016). A
review has reported these components as effective in
online teaching: cognitive, teaching, and social presence,
pedagogical practice, online course design, in addition to
interactivity, collaboration, and online learning
community (Wong, Greenhalgh & Pawson, 2010). It was
then suggested that both the teachers and students
should jointly interact and collaborate to carry out
effective online learning.

Furthermore, there is a need to measure the quality of
education provided through distance learning. The
literature has reported that Kirkpatrick’s Hierarchy
Model is widely used to assess the effectiveness of
distance teaching, in addition to the traditional teaching
type (Cook et al., 2008; Cook et al., 2010, Yardley, 2012).
It is vital to understand the aspects of the e-learning
context: first comes the reaction that measures
satisfaction. It is followed by learning that measures
attitude, knowledge, confidence, and skills, then the
behaviour that evaluates the application, and last, the
result, which measures outcomes. A review of 17 studies
evaluated e-learning in pharmacy education and
classified these studies into the four components of the
Kirkpatrick model; it concluded that e-learning directly
improved knowledge (Salter et al, 2014). A scoping
review of 87 publications reported that 90% of pharmacy
students had a favourable assessment of e-learning
while highlighting deficits in social and analytical skills
(Lorenzoni et al., 2019). Therefore, this study aims to
develop a Moodle-based lesson module for a research
course, evaluate its impact on self-reported knowledge
and understanding of students, and predict the effect of
module contents on outcome variables.

Methods

This experimental study developed and validated an
online Moodle-based research module for pharmacy
students. It involved all fourth term Pharm.D. students of
the College of Pharmacy, Gulf Medical University, who
were required to assess the activity and provide self-
reflection reports. The assessment values were subjected
to sub-cluster weighting and activity type. The College
curriculum and quality assurance committee had
approved the design and content of the lesson prior to its
implementation.

Content reviewers:

Two independent reviewers (JAS and SMG) individually
assessed the quality of content and validated the learning
objectives of the course. Three independent and different
faculty members were involved in the assessment
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process: all student submissions were viewed, and
qualitative feedback was provided for debriefing
purposes.

Block/Cluster type

The sequential pattern available on Moodle was used for
the activity. Students could not navigate back to previous
contents nor proceed to the next activity without
submitting their response. Each step was blocked with a
mandatory response column. The estimated completion
time for the whole lesson was 30-35 working hours. It
included content viewing, activity completion, and
submission.

Lesson design and conceptual framework

There were three clusters with a mean expected
completion time of nine to eleven hours for each and a
specific task and sequential navigation pattern. The
students were required to complete all the tasks and
activities individually within the allotted duration. Figure 1
illustrates the lesson flow and content distribution.

Moodle-based lesson availability

The students had access to the lesson for four weeks (28
days), with restriction settings allowing multiple sitting for
activity completion. They were encouraged to complete
designed activities over several sessions rather than
single-attempt. Students were also allowed to repeat the
course after completion from the beginning with a
maximum of five attempts to evaluate individual learning
and improvement of activity submissions. At the end of
the lesson, all the students were required to attend the
debrief session. The course coordinator provided
comprehensive debriefing on the content and activity
submissions.

Outcome assessment/parameters
The following parameters were assessed:

1) The mean and standard deviation (SD) of time (in
hours) for module completion, which included both
lesson completion and cluster completion.

2) The impact of multi-practice attempts on the
completion time and activities assessment score.

3) Self-reported knowledge and understanding,
measured on a continuous scale from 0 to 100, before
and after taking the cluster (pre and post). These
values were then divided into five categories: 0-20
(poor), 21-40 (moderate), 40-60 (good), 60-80
(application level), and 80-100 (expert level). This
categorisation was explained to participants in
advance, and the same scale was used in every activity
for reporting consistency.
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Cluster 1: | Time required: Online video Activity
Research 8-10hours > lecture > submission
Methodologies €
: Self-reflection c Rubric bases
End of Cluster & Feedback assessment
Cluster 2: Variables —) Tin51e r}eiquired: — Previous =——==p!  Self-search
' -7 hours i activi
& Selection process understanding i
Variable € Assessment |€== Online video
selection questions lecture
activity
Self-reflection
End of Cluster |g&— & feedback
Cluster 3: = Time required: Previous Online video
Application process 10-15 hours > understanding > lecture 1
N End of cluster Rubric bases Online video
assessment lecture 2
Self-reflection Proposal - Activity to
& Feedback development perform

End of Lesson

Figure 1: Moodle-based lesson design and content distribution pattern

A faculty member reviewed and assessed feedback of
individual clusters qualitatively and reported
suggestions to be included in the debriefing list to the
principal investigator (SWG) for approval. The principal
investigator reviewed all the assessments and
submissions for quality assurance and validation
purposes.

Statistical analysis:

Statistical Package for Social Sciences (SPSS) version 21,
was used for data analysis. Descriptive and inferential
statistical methods were used to evaluate the
parameters. The data are presented in both tabulated
and graphical forms. Logistic regression modelling was
performed to assess the effect of independent
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variables on primary outcomes. The standard margin of
error (5%) with the confidence of interval (95%) were
used in some significance tests.

Results

A total of 35 students participated in the Moodle-based
research course module. The mean earned score for
the module was 81.0%, with an average completion
time of 28.5 hours (range 26.8-30.1). A significant
difference in completion time was found among
gender, higher in males. The performance was
significantly associated with hours of lesson completion
and earned score (out of a total score of 300).
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Participants who finished the first completion early
(<10 days) managed to have practice attempts. Other
participants with a delayed first completion (>11 days)

Table I: Mean completion time and earned score (N=35)

Assessment of outcomes associated with a Moodle-based lesson design

showed either two or no practice attempts. Table |
presents the details of completion time and scoring
patterns.

Hours Attempts p-value* Earned score
Mean * SD 1 2-3 4-5
Lesson # 30.1+2.4 27.4+3.1 26.8+2.6 0.001 243.4+8.61
Cluster 17 10.3+3.2 10.1+2.5 9.842.2 0.754 81.616.32
Cluster 2 A 8.5+2.9 8.1#3.1 8.2+2.8 0.671 78.245.86
Cluster 32 14.2+3.5 13.8+3.2 12.2+3.6 0.022 85.146.13
Gender #
Male 30.7#2.5 30.242.1 30.4%2.2 0.001 73.614.16
Female 29.8+2.7 29.1+2.3 28.7+2.4 84.7+£9.14
Performance
0-10 days 30.4+1.8 30.1+2.1 29.8+2.4 0.003 237.549.11
11-20 days 31.1#2.3 30.61.9 - 249.348.32
21-28 days 33.7£2.6 - - 248.7+8.67

*ONE-WAY ANOVA, # Student t-Test (significant: p< 0.05), # total score for the lesson was 300, * each cluster earned marks-100

The mean percentages of self-reported knowledge and
understanding were significantly increased in all three
clusters (p<0.001). There was a significant difference
among genders in clusters 2 and 3. The trends showed
a significant increase in self-reported knowledge and
understanding of participants in each cluster, except
for the knowledge domain in cluster 1.

The intragroup pool analysis also revealed significant
differences in gender and performance (p<0.001). In
the performance group, the findings suggested a strong
positive association with post-module improvement in
self-reported understanding in clusters 2 and 3. The
detailed analysis of the self-reported reflection of
knowledge and understanding for all clusters is
presented in Table II.

Table Il: Self-reported reflection of knowledge and understanding (Mean + SD) (N=35)

Characteristics Cluster 1 Cluster 2 Cluster 3 p*
KDE UDG UDG KDE UDG
Pre 18.1+3.5 20.1+4.7 21.6%4.3 20.4+3.7 23.3+3.3 22.4+4.6 0.001
Post 69.4+2.6 75.243.2 70.2+3.8 79.8+2.4 77.613.1 80.4+3.5
Pre-post significant IG 1G IG 1G 1G Pool
Gender # 0.001
Male 0.431 0.001 0.021 0.001 0.001 0.001
Female
Performance* 0.001
0-10 days - - - - -
11-20 days 0.061 0.032 0.022 0.001 0.048 0.001
21-28 days 0.054 0.041 0.016 0.001 0.013 0.001

*ONE-WAY ANOVA, # Student t-Test (significant: p< 0.05), IG: intergroup p-value, KDE: Knowledge, UDG: Understanding (0-100%)

Overall, the feedback of participants was satisfactory
and limited to contents. It was related to scientific
understanding in clusters 2 and 3. The overall general
comments were limited to technical difficulties and
time requirements. However, a comprehensive list of
debriefing contents was prepared and discussed at the
end of the Moodle-based lesson. Table Il provides
details of the feedback and relevant debriefing
contents.

A logistic regression analysis was performed to
investigate the effect of independent variables on
knowledge and understanding (gender and earned
score were adjusted for potential confounders). The
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regression analysis reported a Nagelkerke’s score
R?=0.89. As presented in Table IV, clusters 1 and 3 (S.E
0.12, 95% Cl 1.51-0.67, p = 0.025 & S.E 0.07, 95%ClI
0.93-0.43, p = 0.001) and performance (S.E 0.11, 95%
Cl 0.81-0.24, p = 0.037) on completion module were
independently and significantly associated with
improvement of knowledge in the research module.
However, understanding showed a significant and
independent association with clusters 2 and 3 (S.E 0.18,
95% Cl 1.66—0.61, p = 0.031 & S.E 0.11, 95% Cl 0.88—
0.43 p =0.001), attempts (S.E 0.21, 95% CI 0.72-0.30, p
=0.001), and performance (S.E 0.09, 95% Cl 0.64-0.22,
p =0.022).
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Table IlI: Student feedback and debriefing contents (N=35)

Characteristics Feedbacks’ Debriefing contents
General e Technical difficulties e Technical assistance provided time-to-time
Total: 05(14.2%) e Time requirements o Time-allotted task will be considered for future.

e Addition of instructional manual

® Each cluster has well-designed task summary at
beginning.

® Activity task is based of critical-thinking and
determining methodological concerns in research

e Students need to develop thinking & understanding

rather searching for irrelevant literature.

Extensive discussion on measurability and

interpretation of change.

e Time-series research methods and variable @ Time-series and randomized controlled trials.

Cluster 1 ® Activity is difficult
Total: 4 (11.4%) e Addition of online video recording
Cluster 2 e Variable’s selection
Total: 7 (20.0%) ® Measurability

selection

e Interpretation of value change

Cluster 3 ® Proposal development is difficult
Total: 5 (14.3%) e Require explanation on rubric-based

assessment

Evidence-based practice research variables.

Proposal’s discussion — individual feedback
e Contents and quality aspects of research application
Assessment rubric explanation and validation

e Quality parameters of application process

Table IV: Logistic regression analysis with knowledge and understanding

Dependent Independent B S.E 95% ClI P

Knowledge Cluster 1 0.81 0.12 1.51-0.67 0.025
Cluster 3 0.67 0.07 0.93-0.43 0.001
Performance 0.48 0.11 0.81-0.24 0.037

Understanding Cluster 2 0.89 0.18 1.66-0.61 0.031
Cluster 3 0.59 0.11 0.88-0.43 0.001
Attempts 0.41 0.21 0.72-0.30 0.001
Performance 0.38 0.09 0.64 —0.22 0.022

The model included all 35 participants and was adjusted for score and gender as potential confounders. Nagelkerke’s R?= 0.89

Discussion

The average grade of Pharm.D. students at King Saud
bin Abdulaziz University for Health Sciences in Riyadh
differed significantly between male and female
students, with females outperforming their
counterparts in professional years 1 to 3 (Alkatheri,
Albekairy & Khalidi, 2019). There was no statistical
difference between gender at the University of Central
Lancashire when year 1 and 2 pharmacy students filled
a questionnaire regarding the impact of Patient As
Teacher sessions on their knowledge and
communication skills (Lunn et al., 2020). Contrary to
these findings, male students needed a higher mean
time than female students to complete the course in
our study.

In an online preregistration course developed by
Monash University, most pharmacy graduates reported
benefits of the online course components, such as
increased peer support, shared learning, and
immediate feedback on their performance (Elliott et al.,
2009). Moreover, in an online elective course on
current topics in pharmacy developed by the Monroe
School of Pharmacy at the University of Louisiana, the
faculty was pleased with the performance of students,
where students scored more than 90% in most modules
(Pate et al., 2017). A study on online lectures in an
introductory drug information course revealed that
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more than 47% of students reported better learning
with online sessions (Freeman, Schrimsher & Kendrach,
2006).

In a study about a required online course (with a public
health focus) for third professional year pharmacy
students at the Thomas Jefferson University, Jefferson
College of Pharmacy, Philadelphia, Pennsylvania, the
authors reported that online delivery provided
students with the flexibility to complete assignments at
their convenience, with greater participation by all
students and improved self-directed learning (King &
Egras, 2015). A study was conducted by the University
of Houston, College of Pharmacy, Texas, on a critical
care hybrid online elective course for third-year
pharmacy students and compared the student
performance in online and traditional learning. The
authors reported that the overall examination scores of
students were significantly better in the hybrid course
(87.7%) compared to traditional ones (82.6%) (Wanat,
Tucker & Coyle, 2016). Although our students
perceived the learning sessions positively, they
reported a few technical difficulties and the need for
more time to complete the exercises.

In pharmacy education, feedback was found to improve
clinical judgment (Grover, Hayes & Watson 2014). It
constitutes a key mechanism for aiding reflection,
knowledge consolidation, and learning in pharmacy
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education. In simulation-based educational research,
the relevance for feedback or debriefing on student
performance is well documented (Tait, Lee & Rasiah,
2018). When added to an OSCE, debriefing improved
students' performance in preparing care plans for
patients (Takeda, Smith & Cone, 2017). Concordia
University Wisconsin School of Pharmacy evaluated the
implementation of multiple, content-integrated journal
club activities into a large, required medical literature
evaluation (MLE) two-term course series, using near-
peer student facilitators. Debriefing was included as
one of the activities alongside preparation, quiz, and
journal club. The authors reported that faculty-led
debriefing ensured that key concepts related to course
content were reinforced, take-home points from the
article were clear, and any questions from students
were addressed (Brown & Kostrzewa, 2018). In another
study, patient simulation was used to prepare student
pharmacists to manage medical emergencies in an
ambulatory setting. A debriefing session following each
simulation led to student pharmacists identifying gaps
in care and formulating strategies for changing
behaviours to improve care in the future (Robinson et
al., 2011).

There is strong evidence of a positive relationship
between feedback as a teaching mode and the
learners’ performance (Shute, 2008). Australian
researchers conducted a mixed-methods study in
which pharmacy student participants completed case-
based scenarios within different simulation modalities,
with feedback provided to them at the completion of
each scenario. The participants reported that feedback
allowed knowledge consolidation and facilitated
reflective learning with high interactivity (Tait, Lee &
Rasiah, 2018). A role play assessed pharmacy students
from Jordan on their ability to conduct a simulated
patient medication interview. During the learning
activity, each student received immediate feedback
(debriefing) based on the marking criteria to ensure
that the students received similar and tailored
feedback, which led to positive outcomes on student
learning (Bajis et al.,, 2019). A study conducted at
Queen's University Belfast investigated students' views
on faculty feedback and their satisfaction with the
faculty feedback on their academic performance. In this
study, only 32.3% were satisfied with the feedback
received, and most of them were dissatisfied with the
examination feedback (Hall, Hanna & Quinn, 2012). In
our study, the feedback of participants was satisfactory
overall, with some participants reporting technical
difficulties and time requirement issues. However, a
comprehensive list of debriefing contents was
prepared and discussed at the end of the Moodle-
based lesson.
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Online learning contributes positively to the knowledge
of pharmacists (Nesterowicz, Librowski & Edelbring,
2014). A study investigating knowledge about
antibiotics and antimicrobial resistance among
pharmacy students in Sri Lanka reported that senior
pharmacy students had a significantly higher
knowledge than junior pharmacy students (Sakeena,
Bennett & Jamshed, 2018). In another study from
Malaysia, the authors reported that senior pharmacy
students have a higher knowledge of cardiology,
pharmacy education, and training, attributed to the
greater exposure of senior students to the real-world
scenario in hospital settings (Elnaem et al., 2018).

Various factors affect the exam completion time,
including personality, prior knowledge, metacognitive
accuracy, and current knowledge. Exam completion
time was negatively associated with the scores, i.e.
students who completed the exam faster had better
scores. In this study, the variable associated with
student performances was the number of hours
needed to complete the lesson. Oppositely to the
above studies, only second-year pharmacy students
attended this course. The results of this study can be
considered contradictory with previous findings, as
students who completed the activity faster scored
higher. Further investigations are required to evaluate
the impact of learning style on scoring patterns.

Offering pharmacy students a chance to experience
research, data analysis, and discussing research
projects is essential to provide them with the necessary
confidence to conduct research (Ramsauer, 2011).
Anxiety among students should be considered in online
teaching where there is less direct contact with the
faculty, and students must perform activities
independently. The instructors’ involvement and
connection with students are essential during online
activities (Rapp-McCall & Anyikwa, 2016). It has been
suggested that student participation in online research
sessions was less intimidating, thus enhancing the
quality and quantity of interaction during online classes
(Ni, 2013). A study comparing online and face-to-face
discussions in a web-based research course reported
that performance was significantly correlated with the
number of messages read and posted in the online
group (Campbell et al., 2008). A study at the University
of South Carolina suggested including enhanced
training in research methods, biostatistics, and
literature evaluation in Pharm.D. programs and
residency training sites, as understanding biostatistics
and research study design showed to be poor among
pharmacy residents. Those who received previous
training had better scores than those who did not, with
significant mean differences in knowledge scores by
attitude and confidence (Bookstaver et al., 2012).
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A study among all students enrolled in each year of the
four-year pharmacy undergraduate program at the
University of Sydney, Australia, reported that positive
attitudes and perspectives towards research were
strongly influenced by exposure to the research
process through projects, friends or mentors, previous
degrees, or having future intentions to pursue a
research degree (Kritikos et al., 2015). Fostering a
research culture among students increases their
engagement in research (Harirforoosh & Stewart,
2016). In our study, performance in module completion
was independently and significantly associated with
improvement in knowledge in the research module.

Conclusion

This study showed that the online Moodle-based lesson
module for a research course is an effective and
validated tool to improve the knowledge and
understanding of pharmacy students. It also revealed
constructive feedback for debriefing sessions. Further
behavioural analysis will help determine the
independent characteristics of attempts and
performance attitude.
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