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ABSTRACT

The COVID-19 pandemic in 2020 prompted a rapid transition from classroom to remote learning in pharmacy education. This case
study describes a remote learning model implemented for the Parenteral Dosage Forms course at Lebanese International University,
School of Pharmacy. The model utilized Google Classroom as the learning platform, incorporating synchronous and asynchronous
teaching; recorded interactive live meetings, and a practical session simulating parenteral technique demonstrations. Assessment
methods included online exams, Objective Structured Practical Examinations (OSPE), and project presentations. A structured
questionnaire was administered to 110 students to gather their experiences and perceptions. The majority of respondents reported
positive experiences and satisfaction, with 92.27% considering the course to meet foundational knowledge, 89.77% acknowledging the
acquisition of pharmaceutical care knowledge and essential practice elements, and 98.86% expressing satisfaction with their practical
skills. Approximately 86.36% of students described the remote learning experience as good, while 5% expressed a preference for on-
campus learning and practical exams. Overall, this remote learning model, accompanied by OSPE, effectively achieved the course's
learning objectives and attained high student satisfaction. It offered a viable alternative for delivering practical courses during the

challenges posed by the COVID-19 pandemic.
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Introduction people’s lives, especially education. The difficulties of providing

online teaching amid frequent power outages, Internet cuts, and

tight budgets and disrupti d by the COVID-19 pandemi

Since the beginning of 2020, Lebanon has been assailed by an 1ght budgets and disruptions caused by the panderic
. . . o ) were common problems and challenges for educators and

unprecedented economic and financial crisis, which was

aggravated by COVID-19 lockdowns and the aftermath of the
massive explosion at the Port of Beirut on August 4, 2020 [1].

students; the shortcomings of these problems still prevail [2].

At the Lebanese International University School of Pharmacy, a
transitional pl f 1 i impl. ted, whereby th
The economic crisis has had a huge impact on all aspects of ranst 10T1a plan-o eérmng was mplemented, whereby the
pedagogical process shifted from regular classrooms to Google

Classroom to match these new challenges. Educators and

Access this article online

students alike had to adapt to a new normal, where the teaching

Website: www.japer.in E-ISSN: 2249-3379 and the learning processes where deviated from what once was

the standard operating procedure to course delivery online via

virtual platforms. Such challenges of course delivery are always
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more pronounced to meet the needed objectives with practical
courses [3]. Among such courses, the Parenteral Dosage Forms

course, which is offered to senior pharmacy students during their
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fifth year, is an example. This course introduces the students to
all aspects of parenteral products and develops the knowledge
and skills necessary to prepare sterile products safely and
effectively under aseptic techniques following updated practice
standards. Moreover, it aims to identify the behaviors and skills
needed for compounding sterile products and review safety
procedures and equipment employed in compounding cytotoxic
drugs. This course is important for the establishment of some
competencies needed by pharmacy graduates. According to the
literature, an improved aseptic technique, as evidenced by a
reduced rate of microbial contamination, was demonstrated by
pharmacy students upon completion of a 1 semester credit hour
course offered in the fall semester of the second-professional year
[4]. In our curriculum, the assessment of Parenteral Dosage
Forms course was done based on four exams; two theoretical
exams (a midterm and a final), a project presentation, and a
virtual Objective Structured Practical Examination (OSPE) to
test the students’ practical skills of implementing the learned
parenteral related techniques. Previously, fifth-year pharmacy
students positively evaluated the OSPE as a method of assessing
skills and reflecting on real situations in the pharmacy [5]. The
FDA rejected buprenorphine/samidorphan for the treatment of
major depressive disorder because of inadequate proof of efficacy
[6].

Several experiences of electronic examination and evaluation
were introduced after the COVID-19 pandemic [7, 8]. A pilot
study in India showed that the newly developed e-OSPE system
was a promising alternative to traditional OSPE, especially in the
COVID-19 era [9].

This study aimed to evaluate the online teaching method for the
Parenteral Dosage Forms course with an online e-OSPE to assess
students’ practical skills in parenteral dosage forms, and also to

evaluate students’ feedback.

Materials and Methods

Study design

During the Parenteral Dosage Forms course in the spring
semester of the academic year 2021-2022, the Parenteral Dosage
Forms course at the Lebanese International University's School
of Pharmacy adopted a virtual e-learning method using the
Google Classroom platform. Accordingly, each section of the
course had a dedicated Google Classroom created by the
instructor, and all registered students were invited to join. The
platform served as a hub for sharing course materials,
assignments, announcements, and updates. Google Classroom
was chosen as the method of delivery as it was available to all
students through their university accounts using Google
Workspace.

Teaching methods

The delivery of the material was agreed to be both synchronous
(live meetings) and asynchronous (recorded lectures. The
materials were uploaded on Google Classroom in advance for
students to review, allowing them to pose questions and
concerns to be addressed during the live sessions. The course
materials were adapted to be more friendly for online delivery,
incorporating videos, pictures, illustrative tools, and explanatory
methods.

live online sessions with the students were conducted via the
Google Meet application, which was recorded and shared with
the students on Google Classroom for their reference, especially
for those who could not attend the live streaming due to
bandwidth or power supply limitations.

The practical demonstration of the aseptic compounding of a
suspension for injection under a virtual vertical laminar flow
hood (LFH) following USP 797 guidelines [10], was also done in
a live online session that was also recorded and made available to
students on Google Classroom. Then, a virtual OSPE had been
adopted to evaluate objectively and reliably the practical skills of
the students.

Assessment methods

The course assessment included online exams, a project
presentation, and the virtual OSPE. The project presentation
required groups of 3-4 students to share a novel topic related to
a parenteral field not covered in the course. The OSPE aimed to
objectively evaluate students' practical skills and was divided into
three stations. The objective of the virtual OSPE was shared with
the students ahead of time, and a complete live session was done
to demonstrate the detailed procedure of performing the aseptic
techniques of reconstituting a sterile powder for injection under
a controlled clean environment within a virtual vertical laminar
flow hood. The virtual OSPE was divided into 3 stations. In each
station, a specific checklist was used for student evaluation and
linked to the relative intended learning outcome (ILO). The
School of Pharmacy follows a set of competencies divided into
six domains, whereby students, upon completing the BPharm
program, are expected to acquire:(1) Foundational knowledge;
(2) Pharmaceutical care; (3) Essentials for practice and care; (4)
Approach to practice and care; (5) Professionalism; and (6)
Personal and professional development. These domains were
developed by the School of Pharmacy and aligned with the
national standards of pharmacy education set by the Ministry of
Education and Higher Education (MEHE) and developed by the
Lebanese Order of Pharmacists (OPL). Moreover, these
competencies and program learning outcomes are selected based
on the Accreditation Council for Pharmacy Education (ACPE)
standards, the Center for the Advancement of Pharmaceutical
(CAPE) and  the
Pharmaceutical Federation (FIP) framework [11-14].

Education outcomes, International
With respect to the Parenteral Dosage Form course, the OSPE
evaluates the ILOs from Pharmaceutical Care Domain as shown

in Table 1.
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Table 1. The intended learning outcome from Pharmaceutical Care Domain evaluated by OSPE

ILO* referenc

ILO* outcome

Identify sterile compounding facility requirements.

Explain the differences between Category 1 and Category 2 compounded sterile products.

Explain the purpose, objectives, and main components of USP Chapter 797.

Describe how USP Chapter 800 expands on aseptic processes established in USP Chapter 797.

2.2.5 Recognize appropriate Beyond Use Dating principles.

Recognize air quality differences as defined by International Organization for Standardization (ISO) air classifications.

Demonstrate necessary behaviors for cleanroom staff and describe techniques for proper hand hygiene.

Practice the appropriate garbing sequence.

Demonstrate the performance characteristics of garb and gloves for non-hazardous drug compounding.

Demonstrate the skills to handle syringes, needles, ampoules, vials, and IV plastic containers.

2.29 Perform sterile compounding procedures to prepare various vial-based or ampoule-based large-volume and small-volume parenteral

preparations.

*[LO: Intended Learnong Outcomes

During the virtual OSPE, students were asked to turn on their
video cameras and microphones and to be prepared with all the

supplies the student needs to complete the exam.

The OSPE stations were as follows

First station

In the first station, each student was asked 3 questions from a
checklist (Table 2) by the instructor to evaluate his/her
understanding of the terminology and the preparatory procedure
for compounding a sterile product by the aseptic technique. This
station accounted for 40% of the total grade.

Second station

In this station, the students were asked to reconstitute a
lyophilized powder for injection according to aseptic preparation
guidelines. The compounding procedure was started upon the
instructor’s advice, during which the instructor evaluated the
major aseptic steps and graded them accordingly based on
another checklist (Table 2). The second station accounted for
30% of the total grade.

Third station

In the third station, students were asked to aseptically withdraw
the reconstituted solution or suspension from a vial to prepare
the final dose that is intended to be administered to the patient,
and the instructor observed and graded the procedure based on a
third checklist (Table 2). This station accounted for 30% of the
total grade.

Table 2. The three checklists used for students’ evaluation of OSPE in the three stations

Stations Objective

Outcome

The student should answer 3 questions below (one from each section):

Explain one of the below terminologies:

1. Aseptic technique
2. Laminar Air Flow Hood (LAH)
3. Biological Safety Cabinet (BSC)
4. Primary Engineering Compound (PEC)

5.
6.

Buffer Room
Ante Room
7.
8.
9.

10. Zone of turbulence

First station

1.
2.

Describe the flow of one of the below in parenteral manufacture:

Personnel

. Describe the Hand Hygiene guideline according to USP chapter 797

. Describe the proper personnel cleansing and garbing procedure for CSP compounding

. Describe the PPE that is specific for Cytotoxic compounding

. Describe the difference between the Horizontal and the Vertical LAH

. Describe the general principles for operating LAH

. Describe the difference between BSC Classes

. Describe how you choose the needed equipment in compounding your product (reconstituted powder), including

the syringes, needle)
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. Describe the spill management for Cytotoxic medications

1- Demonstrate proper clothing with gloves, hair cover, and a face mask if needed

2-Demonstrate proper cleaning and drying of the critical space before starting the compounding

3-Arrange the materials and supplies within the virtual vertical LAH

4-Demonstrate proper hand movement and supplies treatment within the critical space

Second Station

5-Apply the anti-coring technique while handling vials

6-Proper opening of the ampoule

7-Discard the unwanted supplies properly

8-Proper opening and closing of the needle

9-Disinfecting the rubber closure properly

10-Apply the aseptic techniques while handling the followings:

Syringe & Needles

Ampoules

1-Disinfecting the rubber closure properly

Third Station

2-Apply the anti-coring technique while handling vials

3-Apply the negative/positive pressure to withdraw the needed dose Or

By the end of the semester, the aim was to evaluate the remote
model of the Parenteral Dosage Forms course from students’
perspective, accordingly an evaluation tool for the course and the
remote learning model was done by an end-of-course evaluation
survey including 50 questions that were divided into 7 sections.
This survey was anonymous and distributed electronically using
Google Forms. The survey was based on the course objectives
and learning outcomes and adopted to evaluate students’
perceptions and opinions regarding both the theoretical and
practical parts using a Likert Scale of 1-5, (1 = strongly disagree
and 5 = strongly agree). First, students’ background information
was collected; then, feedback on online learning was evaluated.
The different sections addressed students’ experiences,
perceptions towards the virtual lectures, the practical session,
development of skills, meeting the ILOs, satisfaction, and
attitudes towards remote learning in the parenteral dosage form
course. Three open-ended questions were added after the
questionnaire to capture students’ additional comments.
Categorical data based on Likert Scale was analyzed descriptively

using frequency and percentage. Students’ feedback, which

described their views and experiences of online learning was

included.

Data analysis
The collected students' feedback, including their views and
experiences of online learning, was analyzed and incorporated

into the study.

Results and Discussion

Students' performance in OSPE

One hundred and fifty-five students participated in this virtual
OSPE. The resulting grades were divided into two cohorts,
Beqaa and Beirut, which are the two main campuses where the
School of Pharmacy operates. For each cohort, the Average,
Standard Deviation (SD), and percentage of achievement for each

station were calculated as shown in Table 3.

Table 3. The results of students’ achievement were divided into 2 cohorts

Beirut Cohort (107 students)

Station (% of total grade) First Station (40%)

Second Station (30%)

Third Station (30%) Total (100%)

AveragetSD 35.26£3.39 29.20£2.09

Percent Achievement 88.15%

25.68%3.27 90.1414.43
85.60% 90.14%

Beqaa Cohort (48 students)

Station (% of total grade) First Station (40%)

Second Station (30%)

Third Station (30%) Total (100%)

AveragetSD 30.48+3.22 29.691+1.21

Percent Achievement 76.18%

29.69%1.9 89.8514.1
98.93% 89.85%

The results presented in Table 3 indicate that, when considering
stations 2 and 3 together, the students achieved higher average
scores and percentages of achievement in practical competencies.
Specifically, for the Beirut cohort, the cumulative average score,

and percentage of achievement for stations 2 and 3 were

54.88%3.45 and 91.46%, respectively. For the Beqaa cohort,
these values were 59.37+1.94 and 98.95%, respectively. These
results demonstrate that students performed better in practical
skills compared to the results of the first station, (35.26%3.39,
88.16%) for the Beirut cohort and (30.48%3.22, 76.18%) for
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the Beqaa cohort, which were more correlated to theoretical
knowledge of aseptic procedures.

These findings showed that students may recognize the real
demonstration as more perceptible to their practical skills and
this is aligned with the results of previous studies, for instance, a
study referenced as [5] reported that 75% of students agreed that
OSPE allows them to assess their skills and identify areas where
they need to supplement their knowledge. Similarly, the results
obtained by [15] in the study, that 74% of students acknowledged
that the exam helped them identify areas for improvement in
their knowledge and skills related to anatomy. Other articles in
the literature also support the notion that OSPE, due to its form,
is considered a good, valuable tool for assessing students’ skills
[15, 16], Overall, these results suggest that students perceive
practical demonstrations as more indicative of their practical
skills. This emphasizes the importance of incorporating practical
assessments, such as OSPE, in evaluating students' competence

in various subj ects.

Students feedback

A total of 110 students responded to the questionnaire.
Distributed between Beirut and Beqaa campuses by a ratio of
83% and 17%, respectively. Among the respondents, male
students constituted 29.09% while 70.91% were females with a
mean age T SD of 24.3 + 2.7. The gender distribution is parallel
with the enrollment at the School and with the gender
distribution of pharmacists in Lebanon [17].

The results of the questionnaire showed that 92.27% of the
students believed that they had met the foundational knowledge
of the course, and 89.77% agreed that they had acquired the
pharmaceutical care knowledge and essentials of practice. In
general, 98.86% of the students expressed satisfaction with their
practical skills after completing the course, and 86.36%
described their remote learning experience as a good one. These
findings indicate that the majority of the students reported a
positive experience and overall satisfaction with the remote
learning model for the Parenteral Dosage Forms course. Similar
results have been observed in several other studies in medical and
non-medical fields supporting the positive experiences of the
remote learning models [18-20]. For example, the results of [7]
a study revealed that students had generally positive perceptions
about online learning during the pandemic and the majority of
the students wanted to continue with some online learning post-
pandemic, as students appreciated the flexibility of the remote
learning and considered asking their questions remotely was less
intimidating than speaking in class [7].

the skills,
demonstrated in Figure 1, 47% of the students described their

Concerning assessment of practical and as
practical skills after taking this course as “Excellent”, 29%
described them as “Very good”, 22.5% described them as
“Good”, 0.68% described them as “Fair”, though only 0.45%
described their practical skills after taking this course as “poor”.
The OSPE experience was also evaluated and as shown in Figure

2, the results revealed that 93% of the students described the
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practical exam guidelines as clear, the goals were achievable and
the requirements were clear and accessible. In addition, 83% of
the students considered the remote performance of the practical
exam as fair and successful. However, 60% of the students
expressed a preference for conducting a real practical exam on
campus. It is worth noting that for practical courses, the
demonstration of practical skills and their evaluation were the
most challenging aspects of online learning methods. The
students’ responses in our study showed that although students
were highly satisfied with the management of the online practice
examination and they disclosed that the goals and the guidelines
of the OSPE were very clear and achievable, still a relatively fair
percentage which is 60% preferred the real practical examination
in the school. This preference could be attributed to various
reasons, but it is possible that students were more accustomed to
direct on-site examinations for practical skills. This topic could
be further evaluated by comparing the results and feedback of on-
site OSPEs versus online OSPEs. A study by [9] conducted such
a comparison and concluded that the newly developed e-OSPE
system showed promise as an alternative to traditional OSPEs,
especially in the COVID-19 era.

Regarding the presentation activity, 88% of the students agreed
that the online presentations had developed their skills in
delivering virtual presentations and finding creative methods and
tools to engage the audience. Moreover, students described the
method of managing the presentations (such as topic approval,
sharing schedules, delivering presentations, etc.) as organized
and clear. Currently, and after the era of COVID, we believed
that students should experience performing virtual presentations
as virtual conferences and academic meetings are increasing even
post-COVID era [21].

According to the feedback received from the students, 24.5% of
them found the remote delivery of the course to be clear, simple,
and interesting. This indicates that a significant portion of the
students had a positive experience with the online format.
Additionally, 41% of the students particularly enjoyed the
experience of the practical exam, suggesting that they found it
valuable and engaging even in a remote setting.

However, it is important to acknowledge that 11% of the
students expressed their dissatisfaction with the course being
delivered remotely. Their concerns and feedback should be
carefully considered to understand the reasons behind their
dissatisfaction and explore potential areas for improvement.
When asked about potential changes or additions to make the
course more useful, valuable, and interesting, 32% of the
students mentioned that they would have liked to have more
practice incorporated into the course. This feedback highlights
the importance of providing ample opportunities for hands-on
learning, even in a remote setting. Additionally, 5% of the
students expressed a preference for conducting the course on
campus, indicating their desire for in-person learning
experiences.

Interestingly, one student mentioned that this course could
always be conducted online, suggesting a positive perspective on

the remote delivery format. It is worth considering this



Hamed et al.: Assessment of parenteral dosage forms course objectives including objective structured practical examination by E-learning

method

viewpoint when evaluating the feasibility and effectiveness of
online learning models in the future.

Furthermore, 7% of the students indicated their preference for
conducting the practical exam on campus. This aligns with the
carlier finding that some students expressed a preference for in-
person assessments.

Balancing the advantages of remote assessments with the
student's preferences and learning needs should be considered in
future implementations. The comments received from the
students serve as valuable feedback for improving the content,
design, and students’ satisfaction with remote learning of the
Parenteral Dosage Forms course. Incorporating more hands-on
practice, exploring hybrid models that combine online and on-
campus elements, and addressing concerns related to remote

delivery can contribute to enhancing the overall learning

100%
80%
60%

40

=
ES

20

B

Percentage of students

0%
[Handling syringe, neadls,

205 comtziner)

experience. About [22] a study evaluated the effectiveness of
hybrid learning in pharmacy education, highlighting the benefits
of combining online and in-person learning experiences, in which
it concluded that hybrid learning was associated with better
academic performance and achievement than didactic teaching in
pharmacy education.

The novelty and flexibility of virtual methods present ample
opportunities for improvement and innovation. Sharing
experiences and best practices with other institutions and
educators can contribute to the collective knowledge and
advancement of virtual learning in the field of pharmacy
education. Collaborative efforts, research studies, and
continuous evaluation of virtual learning strategies can lead to

further enhancements in the future.
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Figure 1. Students’ self-evaluation of their practical skills after taking the Parenteral Dosage Forms course
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Figure 2. Students' feedback on “How would you describe the remote experience of the practical session

and OSPE in this course?”

Conclusion

In conclusion, this study highlighted the feedback of pharmacy

students in a remote learning environment for the Parenteral

Dosage Forms course. Students expressed satisfaction with the
course content and practical skills development. Practical skills
were better achieved compared to theoretical knowledge,
indicating the importance of practice in remote learning. To

enhance remote learning in pharmacy education, predominantly
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in practical courses, it is crucial to design effective and consistent
e-learning techniques which are more practice directed and
explore hybrid models.

Generally, the results of the study showed that students had a
good perception of the remote model for the parenteral Dosage
Forms and their feedback by the end of the semester agreed that
the learning objectives of this course were met. Moreover, the
remote delivery raised the self-responsibility of each student to
monitor their selves and to follow their progress throughout the
course. In addition, the virtual OSPE facilitated deep and
constructive engagement with the learning method and fostered
students’ confidence in the use of critical thinking and clinical
decision-making.

Overall, this study demonstrated the effectiveness and potential
of remote learning in pharmacy education. By leveraging
technology and incorporating practical assessments, educators
can provide engaging and valuable learning experiences for
students. The findings and recommendations serve as a
foundation for further advancements in remote learning models
in pharmacy education. Addressing concerns related to remote
delivery and sharing experiences with other institutions can

further improve virtual methods.
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