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ABSTRACT
This current study aims to analyse students’ perceptions regarding implementing project-based
learning (PjBL) in teaching a molecular biology course to second-year pharmacy students at
King Abdulaziz University as a sort of active student-centred learning method. Sixty-five male
and 90 female students were enrolled in this study. This research used survey instruments to
assess learners’ perceptions. The survey was divided into four sections that consisted of closedended questions to evaluate students’ overall perceptions of PjBL, communication skills, project
management and teamwork activity during their project management process. A 5-point Likert
scale was used. Regarding overall learning and students’ satisfaction with the PjBL experience,
the percentage was 72.73%, with a score of 21.82 over 30. The percentage of students’ perceptions
towards the improvement of their communication skills was 60.98%, with a score of 15.25
over 25. The percentage of students’ perceptions of project management skills was 64.97%,
with a score of 12.99 over 20. Finally, regarding teamwork, the survey revealed a percentage
of 71.81%, with a score of 43.08 over 60. There was a positive correlation between students’
perceptions of the questionnaire’s four parts and their grade point average (GPA) in the molecular
biology course. It can be concluded that PjBL is an effective tool in the active-learning process.
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PjBL can improve students’ communication and management skills. Also, it encourages teamwork
activities between students.
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INTRODUCTION
Project-based learning (PjBL) is defined as
an individual or group activity carried out
over an extended period with a timeline.
Its product could be in the form of a
presentation and/or performance. PjBL can
consist of several milestones and include
other aspects of formative evaluation as the
project proceeds (1). PjBL gives students
meaningful insight into the exploration,
creation, interpretation, negotiation and
product development process, namely
the writing and presentation of necessary
documentation (2).
PjBL’s advantages go beyond workplace
abilities to other teaching methods and
other soft abilities during the project
implementation. PjBL’s main benefit is
that it can ensure more students’ interest,
enhance their interactivity, substitute for
teaching and induce greater understanding
and reflection of the subject of study (3).
Also, its student-centred approach, which
focuses more on students rather than
teachers, is a fundamental advantage of
PjBL (4).
Using PjBL could be directed mainly
to provide disciplinary learners with
stimulating, workplace-like situations to
attain their learning objectives. It aims
to expose learners to the actual globe,
encourage entrepreneurial thinking and
develop soft skills that help them adapt to
the competitive, scientific work environment
(5–6).
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A molecular biology course is taught to
second-year students as part of medical
biochemistry and molecular biology science
in the Faculty of Pharmacy, King Abdulaziz
University (KAU). The traditional teaching
methods remain the predominant method
and comprise lectures and practical sessions.
Student assessment is carried out by
summative assessment methods in the form
of a final written exam composed of multiple
choice questions (MCQs) for evaluating
knowledge and cognitive course objectives
and a practical exam for evaluating
psychomotor objectives.
In this current study, implementing
small projects for students was a trial of
incorporating them into an interactive,
student-centred method of teaching and
learning. This study aims to discuss the
feedback and perceptions of students
regarding implementing PjBL in teaching
the molecular biology course to secondyear pharmacy students at KAU as a sort
of active student-centred learning method.
Thus, the research question we aspired to
address in the current study is: How did
second-year pharmacy students perceive this
course’s new learning method?

METHODS
This study was carried out in the Faculty of
Pharmacy at KAU in Jeddah, Saudi Arabia.
It included the use of survey instruments to
assess the perceptions of learners regarding
implementing PjBL in the molecular
biology course. This study was directed
towards second-year students (65 males
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and 90 females) during the 2018 to 2019
second
semester—a
three-credit-hour
course, with two contact hours per week for
one semester.

discussions with their instructors and peers.
Finally, the students were assessed using a
rubric sheet prepared and approved by the
instructors.

Project Implementation

The Survey

This study was conducted while teaching
the molecular biology course (clinical
biochemistry) for second-year students
at Faculty of Pharmacy, KAU, Saudi
Arabia. The students were divided into
small groups (seven students per group).
Each group was assigned to implement a
specific project as a team. These projects
included a literature review, case study
discussion, problem solving and illustration
of some molecular biology techniques.
The projects’ topics were: the molecular
basis of cancer development, the molecular
basis of chemotherapeutic agents, the
genetic background of metastasis and
cancer recurrence, the genetic basis of
hyperuricemia,
mutagenesis
and
the
defective DNA repair mechanism about
cancer.

The survey was created by Sang and Van
(7), with minor modifications and was
validated. The questionnaire’s validation
was initially carried out by precursory pilot
testing of the questionnaire (15 male and 15
female students), and subsequent revising
of the questionnaire result was followed by
double-blind revision by two senior experts
from the medical education department.

All students were subjected to two
orientation workshop sessions (45 minutes
for each session). The workshop aimed to
learn the basics of the PjBL strategy and the
implementation and assessment methods.
The students’ roles were explained, as they
had to write the project’s objectives, design
the project plan, design the project hierarchy
and create a doable schedule, collect data
from scientific textbooks and websites, use
multimedia and other illustration tools while
presenting their project, establish and assess
the outcome, and discuss their projects with
their peers and the instructor.
The students were instructed to work
as a team, effectively communicate with
each other and with their instructor and
prepare to present their projects by using
PowerPoint. The project’s duration was
seven weeks. The students presented their
projects in the eighth week, as scheduled in
the project’s time plan. The students were
asked to present their work while critically
appraising the contents and opening

The survey was divided into four sections
consisting of closed-ended questions.
The first section included questions that
measured the general students’ perception
of PjBL. The second section included
questions
related
to
communication
skills. The third section evaluated their
perceptions of project management. The
fourth section included questions about
the usage of teamwork activity during their
project management process. A 5-point
Likert scale was used, with 1 being the
lowest scale and 5 being the highest (1 =
strongly disagree, 2 = disagree, 3 = neutrals,
4 = agree, 5 = strongly agree). After the
session, the questionnaire was distributed
to all students. All data were provided
anonymously.
All students participated in this survey
study. Evaluating the projects was included
in the formative assessment. Students were
evaluated through the rubric assessment
sheet, based on their active participation
during the two-hour discussion session, to
evaluate all points targeted by the project.

Statistical Methods
Data were analysed using the SPSS software
version 23 (SPSS, Inc., Chicago, IL,
USA). Quantitative parametric data were
presented as mean and standard deviations,
while quantitative non-parametric data
were presented as median and range.
https://eduimed.usm.my
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Qualitative data were presented as frequency
(number-percent). A one-way ANOVA test
(followed by a Tukey post hoc test) was
used to compare more than two different
groups with parametric data. Spearman’s
correlation was used to correlate the totals of
the questionnaires, gender and grade point
average (GPA). A Cronbach’s alpha test was
used to assess the questionnaire’s reliability.
A p-value of less than 0.05 was considered
statistically significant.

RESULTS
The study involved second-year pharmacy
students during the molecular biology
section of their clinical biochemistry course.
The numbers of students, gender and total
GPA are presented in Table 1. The number
Table 1: Gender and total GPA of the participants
Variables
Gender
Total GPA

Total

%

Male

65

41.9

Female

90

58.1

> 4.5

38

24.5

3.5–4.49

92

59.4

2.5–3.49

15

9.7

< 2.5

10

6.5

of participating students in the current
study was 155 including 65 males (41.9%)
and 90 females (58.1%). The participants’
GPAs were distributed according to the
normal distribution of grades (24.5% > 4.5,
59.4% at 3.5–4.49, 9.7% at 2.5–3.49 and
6.5 < 2.5).
The results of the reliability testing are
presented in Table 2, as a Cronbach’s
alpha test was used to assess the reliability
of the questionnaires. All components of
the questionnaire sectors showed good
reliability, as stated in Table 2 (for the four
groups of questionnaire components).
Regarding students’ overall learning and
satisfaction with their PjBL experience,
an average score of 21.82 out of 30 was
seen, indicating 72.73% overall satisfaction
(Table 3). The percentage of students’
perceptions regarding the improvement of
their communication skills through PjBL
was 60.98%, with a score of 15.25 out of 25
(Table 4). Regarding the effect of PjBL on
project management skills, the percentage
of students’ perceptions was 64.97%,
with a score of 12.99 out of 20 (Table 5).
Finally, teamwork showed the secondhighest percentage and score following
overall satisfaction, since the percentage of
students’ perceptions was 71.81%, with a
mean score of 43.08 out of 60 (Table 6).

Table 2: Reliability tests of the perception questionnaires (Students’ perceptions of PjBL in teaching
Molecular Biology)
Number
of items

Cronbach's
alpha

Mean

Variance

SD

First questionnaire:
Overall learning and student’s
satisfaction

6

0.86

21.819

28.084

5.2994

Second questionnaire:
Communication skills

5

0.84

15.245

27.264

5.2215

Third questionnaire:
Project management activity

4

0.76

13.203

15.407

3.9252

12

0.86

43.084

67.376

8.2083

Questionnaires

Fourth questionnaire:
Teamwork activity

Note: Cronbach’s alpha test was used to assess reliability of questionnaires.
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Table 3: Students’ perceptions of PjBL in teaching Molecular Biology: Overall learning and
students’ satisfaction
Overall learning and students’ satisfaction

Median

Range

PjBL improved my understanding of course topics

4

2–5

PjBL improved my teamwork and collaboration skills

4

2–5

PjBL improved my self-regulation and self-learning skills

4

1–5

PjBL improved my communication skills

4

2–5

PjBL prepared me for a professional career and lifelong learning success

4

1–5

Working in groups through PjBL was enjoyable

3

2–5

Total score (out of 30) [mean±SD]

21.82±5.30

Percentage of total score [mean±SD]

72.73±17.66

Notes: Data are presented as median and range [nonparametric data] and mean±SD for total scores [parametric data].
The level of agreement was described using a 5-point Likert scale.

Table 4: Students’ perceptions of PjBL in teaching Molecular Biology: Communication skills
Communication skills

Median

Range

I learned to write e-mails related to workplace settings

3

1–5

I responded well to e-mails I received related to the project assigned

3

2–4

I become familiar with the writing format and style of workplace e-mails

3

1–5

I learned to organise ideas in preparing and writing the executive summary

3

1–5

I learned how to write reports based on the findings

3

1–5

Total score (out of 25) [mean±SD]

15.25±5.22

Percentage of total score [mean±SD]

60.98±20.89

Notes: Data are presented as median and range [nonparametric data] and mean±SD for total scores [parametric data].
The level of agreement was described using a 5-point Likert scale.

Table 5: Students’ perceptions of PjBL in teaching Molecular Biology: Project management activity
Project management activity

Median

Range

I am confident to give suggestions freely among group members

4

1–5

I learned how to brainstorm and forward ideas appropriately with
group members

4

1–5

I understand and able to gather information for the project

4

2–5

I learned how to identify the relevant ideas from reading materials
regarding project work

3

2–5

Total score (out of 20) [mean±SD]

12.99±3.59

Percentage of total score [mean ±SD]

64.97±17.97

Notes: Data are presented as median and range [nonparametric data] and mean±SD for total scores [parametric data].
The level of agreement was described using a 5-point Likert scale.
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Table 6: Students’ perceptions of PjBL in teaching Molecular Biology: Teamwork activity
Teamwork activity

Median

Range

I learned how to listen actively to my group members

2

2–5

I learned how to ask and respond appropriately among group members

3

2–5

I learned how to be assertive when exchanging ideas with group members

4

2–5

I learned that good team-work contributes to a successful outcome of the project

4

3–5

I prefer team-based learning (TBL) to normal lectures

4

3–5

TBL strategy motivated me to study hard

4

2–5

I look forward to learn again in a TBL course

4

2–5

TBL challenged me to give my best

4

2–5

TBL helped me learn how to study in a group

3

2–5

I frequently studied with my colleagues

3

1–5

Discussion during group work for preparing topic helped me comprehend better

3

2–5

TBL required more hard work by the students

3

1–5

Total score (out of 60) [mean±SD]

43.08±8.21

Percentage of total score [mean±SD]

71.81±13.68

Notes: Data are presented as median and range [nonparametric data] and mean±SD for total scores [parametric data].
The level of agreement was described using a 5-point Likert scale.

Students’ perceptions at different GPA
levels showed a statistically significant
difference between the students at each level
when compared to each other (ANOVA
p < 0.05) for the questionnaire’s four
components. The high achieving students
(with a GPA > 3.5) revealed more positive
satisfaction and better perception than those
who were low achievers (with a GPA of 3.5),
as presented in Table 7.
Regarding
the
correlation
between
students’ GPA and their perceptions
regarding PjBL implementation, there was
a significant positive correlation between
students’ perceptions of the four parts of
the questionnaire and their GPA in the
molecular biology course, with r values of
0.209 (p < 0.01), 0.245 (p < 0.01), 0.529
(p < 0.001) and 0.283 (p < 0.001),
respectively (see Table 8). However, there
was no significant correlation between
students’ perceptions of the questionnaire’s
four parts and their gender (see Table 8).
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DISCUSSION
This current study aimed to evaluate
students’
perceptions
regarding
implementing PjBL in teaching a molecular
biology course to second-year pharmacy
students at KAU as an active studentcentred learning method.
The main objectives of implementing PjBL
are to use a non-traditional method of
teaching, especially in molecular biology,
as it contains challenging concepts that
are difficult to teach by traditional didactic
strategies. Also, PjBL can improve other
skills and competencies, which include (but
are not limited to) communication skills,
project management and teamwork.
The questionnaire used to evaluate students’
perceptions was divided into four parts:
communication skills, project management
skills, teamwork and overall evaluation of
the PjBL process.

ORIGINAL ARTICLE | PjBL Strategy in Molecular Biology

Table 7: Students’ perceptions of PjBL in teaching Molecular Biology at different GPA score
Total GPA

Questionnaire
First questionnaire:
Overall learning and
students’ satisfaction
Second questionnaire:
Communication skills
Third questionnaire:
Project management
activity
Fourth questionnaire:
Teamwork activity

p-value

> 4.5

3.5–4.49

2.5–3.49

< 2.5

Total

19.16±5.36

23.05a±4.84

21.00±5.48

21.80±5.67

0.001*

% of total
score

63.86±17.85

76.85 ±16.14

70.00±18.26

72.66±18.91

0.001*

Total

18.32±2.23

14.39 a±5.52

13.53a±5.68

14.00±5.83

<0.001*

% of total
score

73.26±8.93

57.57a±22.08

54.13a±22.72

56.00±23.32

<0.001*

Total

15.32±2.23

12.70a±3.82

10.20ab±1.37

11.10a±3.07

<0.001*

% of total
score

76.58±11.16

a

63.48 ±19.10

51.00 ±6.87

a

55.50 ±15.36

<0.001*

Total

34.05±10.26

46.33a±4.91

44.80a±2.40

45.00a±2.58

<0.001*

% of total
score

56.76±17.11

77.21 ±8.18

74.66 ±3.99

75.00 ±4.30

<0.001*

a

a

ab

a

a

Notes: Data are presented as mean±SD for total scores [parametric data].
= significance vs. (>4.5) category (p < 0.05), b = significance vs. (3.5–4.49) category (p < 0.05).
One-way ANOVA followed by post-hoc Tukey was used to compare between the groups of students at different GPA scores.
a

Table 8: Correlation between PjBL students’ perceptions, and students’ gender and GPA
Questionnaire

Gender

Total GPA

TOTAL 1
First questionnaire: Overall learning and students’ satisfaction

r
P

0.015
0.851

0.209
0.009*

TOTAL 2
Second questionnaire: Communication skills

r
P

0.016
0.841

0.245
0.002*

TOTAL3
Third questionnaire: Project management activity

r
P

0.010
0.906

0.529
<0.001*

TOTAL 4
Fourth questionnaire: Teamwork activity

r
P

0.014
0.863

0.283
<0.001*

Notes: Spearman’s correlation was used to correlate between PjBL students’ perceptions, and students’ gender and GPA.
* indicates significant correlation value; < 0.05 is considered significant.

PjBL is one of the active teaching strategies
utilised by many medical colleges, as
it emphasises teamwork and thus has
become an essential element of several
undergraduate
medical
programmes.
Collaborative teamwork is extensively
accepted as an efficient teaching approach
that can enhance students’ skills in acquiring
and applying knowledge, communication,
teamwork, organisation, leadership and time
management (8–9). Therefore, the role of
PjBL in science, technology, engineering

and mathematics (STEM) education has
gained much interest since the beginning
of the 21st century (10). The goal of PjBL
methodologies is mainly to move passive
traditional education tools towards more
student-centred,
enquiry-based,
activelearning methods and developing problemsolving and thinking skills (10–11), all of
which fit the constructivist learning method
(12). Conceptual achievement and academic
motivation are additional gains of applying
PjBL (13).

https://eduimed.usm.my
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The Next Generation Science Standards
(NGSS) calls for a new approach to science
education, helping students to create, invent
and think like scientists. It is recommended
to encourage them to develop hypotheses,
gather data, experiment, analyse data and
draw conclusions. It is preferable to support
them in using evidence and arguments
based on findings to criticise problems and
design solutions. This active approach is
adopted and welcomed by the educational
and research community (14), and it can be
achieved by applying the PjBL method, as in
this current study.
Investigating students’ perceptions and
feedback is a key strategy for improving
learning, teaching and outcome-based
curriculums
(15).
Indeed,
students’
perceptions and understanding of the
applied PjBL’s purpose is an important
determinant for achieving the required PjBL
outcomes (16–18). Therefore, we aimed to
study students’ perceptions about different
aspects of PjBL implementation to evaluate
its effectiveness in teaching molecular
biology.
This present study’s results show that
second-year pharmacy students, at all
levels of the questionnaire, agreed on the
positive effect of the PjBL method. A high
percentage and score were found regarding
students’ overall learning and satisfaction
with their PjBL experience. This indicates
an improvement in their understanding
of course topics, self-regulation and selflearning skills. PjBL could thus be a
good strategy for preparing students for a
professional career and lifelong learning
success.
The students also preferred TBL over
normal lectures, as it motivates them to
study hard and challenges them to give their
best. PjBL helped students study in groups
rather than individually, which helped them
comprehend the material better. Students
also realised that PjBL requires more study
effort compared to traditional didactic
methods.
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These results are in agreement with Gavin
(19), Bender (20) and were recently
confirmed by Si (21). Si’s study included
40 second-year pre-medical students. They
implemented PjBL as a learning strategy in
their developed course. Si’s results revealed
that the students’ learning experiences
were developed and updated, with positive
responses for learning satisfaction with
the course in general. Therefore, it was
concluded that PjBL is an effective and
efficient learning strategy for undergraduate
students (21).
In this current study, students (at all levels
of the questionnaire) were satisfied with
communication skills, project management
skills and teamwork activities. These results
reflected the improvement in their writing
skills and responding to e-mails related
to workplace settings, organising ideas
in preparing and writing the executive
summary and writing reports based on
the findings. These results also indicated
improvement of communication skills
between students and their colleagues and
with their faculty, especially non-verbal
communication.
Ishikawa et al. (22) and Liu et al. (23)
reported similar results, as emphasised by
Park and Park (24) in their studies. Ishikawa
et al. (22) tested students’ awareness and
performance of communication skills
by developing a course on non-verbal
communication. They applied the course
to 106 pre-clerkship medical students
divided into 14 subgroups (to establish a
teamwork activity). The students showed
a significant positive perception. So,
Ishikawa et al. documented that non-verbal
communication, especially during teamwork
activity, is an effective tool during project
management (22).
The questionnaire score revealed the
improvement of project management
skills, especially those related to increased
confidence to offer suggestions freely among
group members, learning how to brainstorm
and forward ideas appropriately with group

ORIGINAL ARTICLE | PjBL Strategy in Molecular Biology

members, the understanding of and ability
to gather information for the project and
identifying relevant ideas from reading
materials regarding project work.

PjBL compared to the traditional didactic
method, evidenced by better academic
achievement. This finding is in agreement
with Ilter (13) and Chen and Yang (30).

The importance of acquiring project
management skills for health care providers
and medical field students, including
pharmacy students, was documented by
Ojiako et al. (25). They concluded that the
delivery of project management programmes
in higher education is a mandatory task that
is in agreement with recent transformational
and social learning theories; therefore,
educators must teach and train their
students in project management to become
creators of knowledge rather than just being
recipients of knowledge (25). Thus, using
project management can benefit both the
management and scientific outcomes of
health and medical students and researchers
(26–27).

The limitations of this current study could
be the unavailability of some of the learning
facilities, such as limited classrooms for
small-group work, having only a few oncampus computers and students being
overwhelmed by their scheduled lectures
and exams. Another important limitation
is the limited library resources that provide
students with learning resources.

The last questionnaire section covered
the assessment of students’ perceptions
about teamwork. The results reflected the
enhancement of teamwork-based skills as
follows: actively listening to other team
members; asking and responding to team
members’ requests; assertiveness when
exchanging ideas with group members;
facing challenges through team collaborative
work; and working in a diverse group rather
than doing individual work. This indicates
higher student engagement, satisfaction and
long-term learning by working in teams,
which is a feature found in some other
teaching strategies, such as TBL. This
finding was in agreement with Faezi et al.
(28). They reported that TBL can increase
learners’ participation and satisfaction with a
course, which could lead to deeper learning,
long-term knowledge retention and better
performance regarding practical knowledge
(28–29).

CONCLUSION
From the results of the current study, it can
be concluded that PjBL was an effective
and successful tool in the active learning
process in the molecular biology course.
The PjBL tool could improve students’
communication and project management
skills. Also, this teaching strategy encourages
teamwork activity. Therefore, this study
recommends the implementation of PjBL
in teaching medical biochemistry and
molecular biology to benefit from the
opportunities of PjBL in education.
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