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ABSTRACT
Objectives: Pharmaceutics is the core component of pharmacy education; the course helps 
pharmacy students to understand the influence of drugs' physicochemical characteristics 
and manufacturing parameters on therapeutic performance. Although they are important, 
pharmaceutics concepts can be "dry," especially since many pharmacy schools teach 
pharmaceutics using the traditional lecture-only format. Therefore, activities through 
which students can perceive the relevance of the subject to clinical applications and 
that keep learners engaged in their classes are very much in demand. Methods: In this 
study, the incorporation of model-based instruction (MBI) in teaching a pharmaceutics 
course was explored, and the reasons for integrating this type of model were discussed. 
We presented a case study involving students transferring scientific knowledge to tactile 
models. The students' perception of the usefulness of this activity was evaluated. 
Results: The open-ended questions in the survey showed that the models helped learners 
to understand the content and enjoy the class. Conclusion: The study provided examples 
of interactive, simple, easy, and inexpensive MBI, where students could demonstrate 
their content understanding and their skills. The process of creating and evaluating 
models transforms the student class experience from static to dynamic and may help 
students achieve profound and long-lasting learning.
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INTRODUCTION
Pharmaceutics is a subdivision of  
pharmaceutical sciences; it describes the 
formulations, perpetrations, manufacturing 
processes, and parameters of  different drugs 
and their dosages. The pharmaceutics course 
is one of  the core components of  pharmacy 
education, and it is taught in almost all 
pharmacy schools worldwide. The course 
helps pharmacy students to understand 
the influence of  drugs’ physicochemical 
characteristics and manufacturing 
parameters on therapeutic performance.1,2 

Although they are important, pharmaceutics 
concepts can be ‘‘dry’’, especially since many 
pharmacy schools teach pharmaceutics 
using the traditional lecture-only format.3-6 
Therefore, activities through which students 
perceive the relevance of  the subject to 

clinical applications and that keep learners 
engaged in classes are very much in demand. 
Studies have showed that using visual aids 
improves students’ understanding and 
retention, even for complex and cumbersome 
topics.4,6,7 Therefore, some universities 
have implemented laboratory exercises to 
illustrate physical pharmaceutical concepts 
and compounding techniques. Although 
lab exercises have a significant impact on 
understanding theoretical material, the 
bench space that is needed to accommodate 
a class in a pharmacy compounding 
laboratory can minimize the effectiveness 
of  these exercises.6

To allow the students to visualize drug 
products, course instructors usually bring 
drug dosage forms as finished product 
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items to class as examples of  the related discussion 
topics. However, with this approach, students see only 
the products in their final shape and miss seeing the 
manufacturing steps. Additionally, passing the products 
around the class tends to disrupt the class, and students 
often give the products only a glance.4

Modelling is a visual aid that can be used in classrooms. 
It can be achieved by producing or building structural 
analogues to real scenarios, which can be two-dimensional 
(drawings, diagrams or maps), three-dimensional 
(concrete or analogical), or virtual (simulations).8-10 

Model-based instruction (MBI) involves students 
building and evaluating models as a means to learn the 
content.11,12 The assumptions of  model-based learning 
are based on mental models theory.13,14 This theory 
describes how individuals can learn new information by 
structuring mental models from the available knowledge 
(preconceptions).14,15 Instructors need to make sure that 
students’ mental models are correctly related to the 
science; therefore, modelling created by students is a 
way to externalize their mental models as a reflection 
of  their learning knowledge.14,16 It can help instructors 
to provide students with needed feedback and correct 
any misunderstandings. It can also promote multiple 
dimensions of  learning, content understanding, and 
skills development.17,18 Limited practical resources and 
studies exist to help instructors incorporate MBI into 
the classroom. A recent study outlined a teaching guide 
for integrating modelling into biology classrooms.19 The 
guide offered different model types that are commonly 
used in teaching biology; however, the concept can be 
extended to other subjects such as pharmaceutics. This 
study aimed to explore incorporating MBI as learning 
activities in teaching a pharmaceutics course.

MATERIALS AND METHODS
The Principles of  Pharmaceutics: Dosage Forms and 
Stability (PHS 321) is a required 3-credit course for third-
year doctor of  pharmacy (PharmD) students at Princess 
Nourah bin Abdulrahman University. Lectures are used 
to introduce concepts and principles in the course. 
Students then are expected to apply their knowledge 
through a variety of  activities, discussion boards, and 
examinations. The study was conducted over a period 
of  three months 1/9/2019–1/12/2019.

Class setting 

The merits of  the proposal and its alignment with 
national regulations were evaluated, and the study 
received “exempt” status from the Institutional Review 
Board (Registration Number 20-0140) of  Princess 

Noura University, Riyadh, Saudi Arabia. An online 
survey was submitted at the beginning of  the class. The 
survey contained questions about the students’ names, 
hobbies, and skills. Five small groups consisting of  (two-
three) students were assigned based on the results of  
the survey. Students who had mastered the same skills 
were in the same group. For example, students who 
had mastered crafting were in the same group, and 
those who had mastered video making and technology 
were in another group. Each group was responsible for 
presenting one model. Although the skills required for 
building models are not inherent and can be developed 
with practice, this approach was adopted to engage the 
students and so that they would enjoy designing the 
models.

Model selection

Five important topics were chosen: 1) Wet granulation 
as a finished product and as an intermediate stage for 
other oral dosage forms, 2) Suppositories as a dosage 
form, 3) Disintegration testing as quality-control 
testing for oral dosage forms, 4) Percolation as a 
method for the extraction of  liquid drugs and 5) Good 
manufacturing practices (GMPs) that are required for 
a drug manufacturer. After providing the lectures to 
the class, the instructor gave the students at least three 
weeks to prepare their models. The instructor guided 
each model, and feedback was provided individually for 
each group by meeting with them at least twice. The 
feedback addressed the group’s content knowledge and 
modelling skills.

Student assessments

An interactive class was designed in which each group 
presented their model on a table with a tag number. 
Each group stood near their model and discussed the 
modelling process and the materials used for building 
it. The rest of  the students walked through each station, 
and the course instructor answered any questions or 
redirected groups if  necessary. This system allowed 
the students to learn from each other and fill in any 
knowledge gaps. Immediately after the class, a survey was 
sent to the students, and they were allowed to complete 
the survey online or on paper. The survey consisted of  
open questions to identify what each model number was 
representing. Students’ satisfaction with the modelling 
class activity was also assessed through the survey. 

RESULTS
The first group made simple granules from paste and 
then sieved and coated them by spraying them with 
different colours. Some of  the granules were then used 
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Figure 1(a): Examples of the granules model made by  
students.

Figure 1(b): Examples of the granules model made by  
students.

to fill empty shell capsules or compressed as tablets using 
a simple mould. Each step represented a manufacturing 
stage and was presented in separate plastic bags (Figure 
1 a,b).
The second group created disintegration testing by 
having 6 glass tubes inside a one letter container using 
a simple mechanism to move the basket shaft. Each 
component’s characteristics were selected based on the 
United States Pharmacopeia (USP) disintegration testing 
requirements. Students presented how disintegration 
times differ for different dosage forms (e.g., fast 
disintegrating tablets and immediate-release tablets). 
The simple suppositories were made using oils and 
waxes in a simple mould. The last group percolated herbs 

and coffee and diluted them with water to represent 
percolated drug solutions.
The video-maker group visited a drug manufacturer and 
made a 5-min film about the required GMPs in drug 
manufacturing. The video contained photos that were 
taken from a real visit to one of  the local manufacturers. 
Students narrated the video using their voices and text 
with some sound effects. Then, they presented the video 
on a tablet computer on their table.
In total, 54 surveys were completed by the students and 
returned to the faculty. All students who were walking 
through the room were able to identify the represented 
models by answering questions in the survey. The 
open-ended questions in the survey showed that all 
students enjoyed the activities, and their feedback was 
positive. The students commented on how they could 
understand many concepts using simple tools. The last 
question in the survey asked the students to choose the 
model that best represented the real scenario. Most of  
the comments supported the tactile visualizations of  
physical models (as in the granulation, suppositories and 
disintegration testing models), whereas only a few of  
them selected the videos.

DISCUSSION
Modelling allows the representation of  complex ideas 
through simple demonstrations, which can be achieved 
with conceptual models of  processes and pathways, 
simulations, or physical models. Simulation software is 
used widely in pharmaceutical sciences to predict and 
explain theories such as in vivo drug absorption20-22. and in 
vitro lab testing.23 In health education, simulation software 
is used by instructors to mimic patients’ cases and clinical 
scenarios.24 For instruction in pharmacy courses, the 
Accreditation Council for Pharmacy Education (ACPE) 
board approved a policy to allow simulations to account 
for up to 20% of  the introductory pharmacy practice 
experience (IPPE) time.25,26 The current applications of  
simulation software are restricted to mimicking clinical 
cases. The uses of  simulation software in a pharmaceutics 
course, which is specially designed for pharmacy 
students, are very limited. This may explain the limited 
simulation software applications in pharmacy education 
compared to other health disciplines such as nursing 
and medical education.25 Although simulation software 
and technologies are great tools in health profession 
education, they have some significant limitations. 
Primarily, they can reduce the physical interactions 
between instructors and students. Additionally, 
incorporating technology into the curriculum can have 
high costs for colleges and schools.27 An individual 
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simulator may cost the institution around $30,000 on 
average, which does not include maintenance, training, 
and technical support fees.24,25 As well, extensive time 
and commitment are required to develop and implement 
such technologies.24 

Our study provides examples of  interactive, simple, 
easy, and in expensive MBI applications, where students 
can show their content understanding and their skills. 
By having the students create models in pharmaceutics 
courses; instructors can self-direct learners in robust 
cognitive and social tasks. This approach provides 
instructors with insight into student thinking and 
allows students to improve their knowledge through 
different modes.28,29  The models that are created by 
students can enhance the students’ critical thinking and 
promote deep and long-lasting learning by engaging 
them in the learning process.28  This is an important 
consideration since some pharmaceutics courses 
are generally taught in the early stages of  number 
of  PharmD programme curriculum and may gradually 
be forgotten by the time student’s graduate. Through 
modeling, students can advance their understandings 
of  some physical pharmacy concepts such as solubility, 
dissolution, interfacial phenomena. Moreover, MBI can 
also be helped to better understanding pharmaceutical 
formulation, manufacturing, and dispensing.
A similar approach was applied in teaching pharmaceutical 
care services management and presented in a published 
study.30 The study showed an example of  a group activity 
to pharmacy master’s program where the student had to 
transform their classroom into a pharmacy with displays, 
a counter.30 Instructors are expected to understand the 
different knowledge, skills, equipment, and time required 
of  students for implementing MBI in course activities, 
so a model’s full perception can be reached. 
Studies have shown that modelling is particularly 
suited for small-group work, as it permits students to 
communicate more during the modelling process.10,19 
As in our study, using a small group in MBI enhances 
the discussion among the group when selecting the 
components that are required to demonstrate the 
model. Such interactions not only facilitate the selection 
of  the representation mode but also increase the 
likelihood that students will understand the knowledge 
through self  and peer learning. Small group in MBI 
also allows the instructor to provide rapid and specific 
feedback to encourage better modelling and conceptual 
understanding of  the content. Presenting their model 
to the rest of  the class enables the students in a group 
to learn, interpret, analyse, and utilize the collective 
expertise of  their peers.31 

As the teaching is shifting to online sitting during the 
current state of  the COVID-19 pandemic, the modelling 
approaches can be a great and unique activity to applied 
with some relevant modification for the online setting.
Researchers have shown the need for such an approach 
in minimizing the impact of  COVID-19 pandemic on the 
education.32 Planning sufficient time for MBI activities is 
essential for practice and feedback that are aligned with 
learning goals and outcomes. Further research including 
constructed assessments and statistical analysis of  the 
usefulness of  MBI in online setting and its impact on 
long-term memory is required.

CONCLUSION
MBI in a pharmaceutics course engages students by 
involving them in studying, building, and evaluating 
models, and it allows students to learn the content 
of  and develop skills within the discipline. This study 
demonstrates examples of  such models that transfer a 
course’s scientific knowledge into simple representations 
that can be shared with and evaluated by peers. The 
process of  creating and evaluating models transforms 
the student experience from static to dynamic. This 
may have the potential to change students’ views of  
the pharmaceutics course and help students achieve 
profound and long-lasting learning.
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SUMMARY
The pharmaceutics course is the core component of  pharmacy education, as it helps pharmacy students to 
understand the influence of  drugs’ physicochemical characteristics and manufacturing parameters on therapeutic 
performance. Although pharmaceutics courses are important for pharmacy students, some concepts can be 
‘‘dry’’, especially if  teaching occurs using the traditional lecture-only format. Therefore, simulations using 
software and technology tools are used in some universities. However, simulations have some significant 
limitations, as they can reduce the physical interaction between instructors and students, and they can carry 
high costs related to incorporating technology into the curriculum. Very limited studies have investigated the 
application of  modelling in teaching the pharmaceutics course. This research article highlights the usefulness 
of  modelling in teaching pharmaceutics courses, and demonstrates examples of  interactive, simple, easy, and 
inexpensive model-based instruction, where students can show their content understanding and their skills. By 
having the students create models, instructors can self-direct learners in robust cognitive and social tasks. This 
process provides instructors with insight into student thinking and allows students to improve their knowledge 
through different modes. The models created by students can enhance students' critical thinking and promote 
deep and long-lasting learning by engaging students in the learning process.
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