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Introduction

Medical educationist and researchers have long been working to 
develop strategies to enhance students’ competencies and skills 
and to promote retention of  knowledge for longer duration, criti-
cal thinking and lifelong learning [1]. Determination of  the best 
pedagogy to teach medical students with current complexity and 
expansion of  knowledge, advanced technology and specialization 
is still a debatable matter [2].

Two major learning strategies problem-based learning (PBL) and 
traditional lecture-based learning (LBL) are the foundations of  
the hybrid curriculum. PBL is a student-centered, collaborative 
learning involving student actively in determining their prior 

knowledge, their learning objectives and the sources to access 
new information [3]. Moreover, PBL prepares students to face 
real life problems as it integrates different disciplines and sub-
disciplines and serves to bridge the gap in the knowledge [4].
 
The multidisciplinary integrated problem-based curriculum being 
practiced in majority of  medical schools has well defined, inter-
related learning objectives and provides evidence-based education 
(EBE) which relies on real life clinical scenarios [5]. Practice of  
PBL provides a systematic approach starting with analyzing the 
problem, acquiring related data, suggesting appropriate investiga-
tions based on rationale and figuring out answers to predeter-
mined objectives [6]. Thus, students develop effective problem 
solving skills by facilitating brain storming among small groups 
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Abstract

Objective: To evaluates the effectiveness of  problem-based learning (PBL) versus lecture based learning (LBL) as a learning 
tool in terms of  retention, recall and reproducibility of  knowledge among junior medical students.
Methodology: This Post-test experimental study was conducted on 2nd year medical students (n=54) of  College of  Medi-
cine, Princess Nourah bint Abdul rahman University, Riyadh, KSA. Ten topics taught each by PBL and lectures with 
comparable scientific content and complexity levels, selectedfrom the five blocks of  first year. Two multiple choice ques-
tions exams were developed, comprising 50 scenario-based questions each, covering concepts in Physiology, Biochemistry, 
Pathology and Microbiology. 
Results: The average score for PBL questions was 25.46 out of  50 compared to 20.26 for LBL (P <0.001). The percent-
age of  students with scores >60% were 22.2% and 5.5% for PBL and LBL exams, respectively. Linear regression analysis 
between students’ scores in PBL and LBL exams showed a moderate positive correlation (r = 0.6358; P ≤ 0.001). Stratifica-
tion according to GPA demonstrated that both the high achievers and the rest of  students performed better on PBL taught 
topics. In addition, difference in scores between the two strategies were reproducible (P<0.001)
Conclusion: The study confirms that PBL is an effective teaching tool in terms of  retention and recall of  knowledge after 
a period of  6 to 8 months as compared to interactive lectures for undergraduate medical students. 

Keywords: Problem-based Learning; Lecture-based Learning; Junior Medical Students; Knowledge Retention.

http://dx.doi.org/10.19070/2572-7451-1900023


AlShaikh G, Ibrahim G, Shahzad S, Fayed A, Al Mussaed E, Syed S, et al., Effect of  Teaching Strategies on Academic Performance of  Junior Medical Students. Int J Anat Appl Physiol. 
2019;5(4):124-129. 125

 OPEN ACCESS                                                                                                                                                                                 https://scidoc.org/IJAAP.php

of  students (self-directed learning) [7].

Compared to PBL, a didactic lecture in LBL is an oral presenta-
tion of  facts with organized thoughts and ideas prepared by a 
qualified teacher specialized in the subject. However, the major 
disadvantage of  LBL is the passive role of  students where they 
are merely listeners and are not actively engaged in education. In 
addition, they are encouraged to learn facts without understand-
ing the background, as the emphasis is on examination-oriented 
learning of  details [8]. However, though teacher centered, LBL 
has its own advantages such as the quality of  lectures have been 
much improved with proper integration and sequencing of  learn-
ing objectives along with addition of  selected and animated pic-
tures of  the mechanisms and disease processes. Also, information 
is usually updated, resources are valid and reliable and difficult 
concepts can be addressed clearly [9]. 
 
A study documented that students preferred PBL because of  
motivation boost, quality learning, knowledge retention and prac-
tical usefulness of  contents, however in the case of  answering 
the exams questions, lecture method was considered more effec-
tive presumably because of  teacher’s emphasis on important key 
points [10]. Another study reported that combining PBL and LBL 
produce better outcomes for learning rather than either method 
alone in a clinical setting [11]. On the contrary a study demon-
strated that traditional method (LBL) prepare better doctors for 
internship as compared to PBL [12].
 
Since the paradigm has completely shifted from teacher-centered 
to learner-centered education, an ideal curriculum should com-
prise most appropriate and effective instructional strategies with 
long term retention [13]. Different modes of  learning are docu-
mented to have different impacts on level of  retention after two 
months period. Level of  retention is directly related to the degree 
of  active participation and involvement of  students in the educa-
tion process being 20% for lectures, 30% for audiovisual, 50% for 
group discussion and 85% for practice by doing. Accordingly, a 
combination of  instructional strategies including lectures, tutori-
als, case studies, group projects, practical sessions and demonstra-
tions are preferred [14].
 
College of  Medicine in Princess Nourah bint Abdul rahman 
University (CM-PNU) for women Riyadh, Saudi Arabia was es-
tablished in 2012 as an undergraduate program. The teaching 
strategies follow an integrated hybrid Problem-based curriculum 
with weekly PBLs incorporated with lectures. Because students’ 
performance is among the key indicators reflecting the quality of  
educational process, the faculty in College of  Medicine is keenly 
interested to evaluate the impact of  different teaching strategies 
on learning outcomes and retention of  knowledge among stu-
dents.
 
Although, literature search has shown several studies devoted to 
evaluate teaching strategies, yet most of  them involve assessment 
of  short term recall of  information among clinical students after 
a rotation in a medical ward or a selected module, course or a 
single instructional session of  short term duration, [10, 11, 15]
or they encompass other health related disciplines such as physi-
otherapy, pharmacy, physician assistant courses etc. rather than 
medical students. Moreover, majority of  studies relied solely on 
subjective opinion of  students rather than on an objective valid 

examination. In view of  these observations, there was a need to 
assess long term retention of  knowledge for a period of  more 
than 8 to 10 months in basic medical sciences knowledge among 
preclinical medical students in KSA. The main aim of  study was 
to compare the effects of  these two learning strategies PBL versus 
LBL on retention, and reproducibility of  knowledge. The study 
was not meant to assess the perceptions of  students as document-
ed in most of  these studies but it evaluated the performance of  
2nd year medical students using objective multidisciplinary basic 
science exams.

Methodology

A post-test self-controlled experimental study with convenient 
sampling was conducted on 2nd year medical students (n=54) in 
CM-PNU Riyadh.

All second year medical students were invited to participate in 
the research after a comprehensive explanation of  the study aim 
and objectives along with the right to withdraw at any stage. They 
were informed that their GPA will be used during analysis of  the 
results and researchers confirmed the confidentiality of  the re-
sults. Fifty nine students accepted to participate in the study of  
which only 54 students were able to complete the study. A verbal 
consent was obtained from all participants. The study was granted 
the approval from the IRB Committee of  the College of  Medi-
cine, PNU.
 
Ten topics taught each by PBL and lectures were designated from 
the five blocks of  first year MBBS. PBL topics with powerful sce-
narios have been developed by a committee comprising Heads of  
the departments of  basic sciences subjects. Strong triggers were 
provided to develop effective problem solving skills. During PBL 
sessions, students were intrinsically motivated by working on the 
challenging task as a team. Interactive lectures were prepared by 
faculty members after attending workshops on preparation of  ef-
fective power-point presentations. Lectures were scrutinized by 
a committee for comparable scientific content, complexity level 
and content validity and delivered by same faculty members who 
conducted the PBL sessions to minimize the intersubject vari-
ability.

One hundred multiple choice questions (MCQs) with one correct 
option were prepared in two papers, based on learning objectives 
of  PBL and LBL as well as blueprint which is essential to ensure 
exam validity. Paper-I comprised 50 MCQs from topics taught 
in 10 PBL sessions in five blocks i.e. Dehydration and Anxiety 
in Foundation block, Myasthenia gravis and Intervertebral disc 
prolapse in Musculoskeletal block, Asthma and Tuberculosis in 
Respiratory block, Mitral stenosis and Myocardial Infarction in 
Cardiovascular block and Acute kidney injury and Urinary tract 
Infection in Renal block. Paper-II included 50 MCQs covered in 
lectures from the same blocks but emphasizing concepts which 
were taught in lectures only. This includes cell injury including 
inflammation and neoplasia from Foundation block, carbohydrate 
metabolism and arthritis from Musculoskeletal block, pulmonary 
circulation with zones of  lungs and regulation of  respiration 
from Respiratory block, electrocardiogram and blood pressure 
regulation from Cardiovascular block, tubular reabsorption plus 
secretion and glomerulonephritis from Renal block. MCQs were 
scenario based testing the concepts in Physiology, Biochemistry, 
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Pathology and Microbiology. The inter-subject variability is mini-
mized by careful selection of  content material.
 
The exams questions were meant to test the comprehension level 
of  Bloom’s cognitive domain and ability to retain information af-
ter 6 to 8 months duration and therefore taken in the 2nd week 
after the summer vacation of  the new scholastic year 2015-2016. 
The two exams were held on two separate days and the duration 
of  the exam was one hour each. Questions were approved by the 
exam committee as high quality MCQs. 

To minimize the possible information bias, the PBL and the lec-
tures were conducted by the same facilitators who were not aware 
about the aim of  the study. Thus confounding factors such as 
knowledge of  tutor, interactive delivery of  lectures and emphasis 
on key points were omitted. Since most of  the faculty members 
belonged to traditional teaching background, extensive faculty 
development programs were provided for facilitation of  this cur-
riculum to the tutors by a series of  workshops. To name a few, 
the workshops included curriculum development, new educa-
tional technologies concerning the biology of  teaching and learn-
ing strategies, effective and interactive power-point presentation, 
interactive lecturing in small and large groups, becoming PBL 
facilitators and how to develop PBL scenarios, bioinformatics, 
methods of  assessment and evaluation etc. The continuous pro-
fessional development resulted in improved teaching quality and 
competency of  faculty members with an improvement in their 
ability to reflect their own teaching strategies and to promote rea-
soning power of  students. They also developed relevant new top-
ics of  PBLs as well as prepared high quality interactive lectures on 
power point presentations.

Statistical Analysis

Statistical analysis was performed using SPSS, version 18.0. De-
scriptive statistics was used in terms of  means, medians and 
standard deviations. Continuous variables were tested for normal-
ity using Kolmogorov-Smirnov test. Wilcoxon Signed Ranks was 
used for paired comparison of  scores and Man-Whitney test for 
unpaired comparison. P-value less than 0.05 was considered as 
statistically significant.

Results

The average score achieved after the PBL session was 25.46 ± 
5.51 out of  50, (median 25.5 and range: 16 – 39).12/54 (22.2%) 
of  the students had a score above 60% (Figure 1a). On the other 
hand, the average score attained after the conventional lecture was 
20.26 ± 4.88 (median 20.0, range: 12 to 23). Only 3/54 (5.5%) of  
the students had a score above 60% (Figure 1b). The 95th percen-
tile score for the PBL was 35, whilst that of  conventional lecture 
was 31, moreover, the 25th percentile score for the PBL was 21.75 
and as for the lecture it was 16. Figure (2) displays the boxplot 
comparison of  scores attained after PBL and lecture sessions. Sta-
tistically significant difference was detected and confirmed by the 
use of  paired comparison using Wilcoxon Signed Ranks with a 
P-value <0.001.Positive moderate correlation between students’ 
scores in BPL and LBL was found to be statistically significant (r 
= 0.64; P < 0.001) (Figure 3).

Stratification of  students based on their GPA into two strata was 
adopted to shed more light on the achieved scores by PBL and 

Figure 1. Distribution of  students’ scores according to teaching strategy (A) PBL and (B) LBL MCQ scores.
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LBL among different groups of  GPA. Two strata were studied; 
one stratum of  those who have GPA less than 4.8 (19 students) 
and the other group whose GPA was 4.8 or more (40 students). 
Table (1) shows the comparison of  scored achieved by students 
after PBL and LBL with stratification of  GPA. Students achieved 
significantly higher scores in BPL compared to LBL within each 
stratum of  GPA (p value < 0.01).

Discussion

The PBL approach in medical education is considered most sig-
nificant educational innovation in the past four decades. Integrat-

ing active learning in curricula enhances self-directed learning 
and promotes problem-solving skills, professionalism, leadership 
collaboration, and cultural competency [16-18]. At College of  
Medicine, PNU, curricula are based on blended learning approach 
utilizing both PBL and LBL. Because evaluation of  teaching strat-
egies is critical for newly established program as it will provide the 
basis for monitoring and reforms, this study was conducted to 
evaluate PBL versus LBL. 

Most of  published data rely on subjective measures to evaluate 
the PBL (e.g. students/tutors satisfaction, perception and beliefs). 
In our study, PBL was evaluated based on an objective exam pre-

Figure 2. Boxplot Comparison of  Exam Scores according to Teaching Strategy.
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Table 1. Comparison ofexam scoresby teaching method and students’ GPA.

GPA less than 4.8
N=19

GPA is 4.8 or more
N=40

PBL
N= 19

Lecture
N= 16

PBL
N=39

Lecture
N=39

Minimum 16 12 16 12
Maximum 35 26 39 33

Mean 26.1 20.3 25.3 20
Standard deviation 5.5 4.1 5.5 5.3

Median 26 20 25 20
25th Percentile 23 18 21 15
75th percentile 30 23.8 28 22

Man-Whitney test, was used for unpaired comparison
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pared and validated by faculty. In addition, the evaluation was con-
ducted after summer vacation to allow for testing knowledge re-
tention after a relatively long duration. The exam was constructed 
as MCQs based on case scenarios, and the topics selected allowed 
for determining students’ knowledge and problem-solving skills. 
Along with literature highlighting the efficacy of  PBL on reten-
tion of  knowledge and problem-solving skills in different study 
settings, including medical schools and other health colleges, [19, 
20] our results demonstrate that the overall mean score for PBL is 
significantly higher than that of  LBL. To delineate further, for the 
PBL teaching method, the 95th percentile score, the 25th percentile 
and the median were evidently higher than the LBL score. Moreo-
ver, for the PBL method, 22.2% of  students had a score above 
60%versus 5.5% for the LBL. The assessment tool in this study 
was MCQs based on case scenarios which require higher thinking 
skills. While in PBL, students develop autonomous learning abili-
ties for higher cognitive skills [21], it can be assumed that in LBL, 
students have minimal opportunities to develop higher thinking 
skills and to enhance their problem solving abilities. This differ-
ence in the teaching method explains the eminent difference be-
tween the two scores. Finally, our results clearly denied the claim 
that, for PBL students performed better on clinical examination, 
while they score lower on basic sciences [22].

In confirmation, results of  meta-analysis including 11 interven-
tion studies in pediatric education showed that the PBL group 
was superior to the LBL group in the theoretical test score, medi-
cal and case analysis score [21]. However, immediate evaluation 
of  PBL vs LBL for a graduate pharmacology course revealed that 
both approaches were equally effective with no significant differ-
ence for the middle of  term, final and end of  course examination 
scores [23]. However, the sample size was small and therefore the 
results can’t be generalized. 

In the present study, although the mean scores of  PBL were sig-
nificantly higher than the mean score of  LBL, yet there was a 
moderate linear correlation between students’ scores for PBL and 
their scores for conventional lectures. This finding may be a re-
flection of  students’ cognitive abilities, i.e. whoever good in PBL 
is predicted to be good for LBL. The observation that the correla-
tion between the two scores is just moderate is expected in view 
of  differences in the competencies associated with the teaching 
methods (PBL vs. LBL). 

It is worth mentioning that for PBL, different assessment tools 
do not correlate. For example, the overall OSCE performance 
did not correlate with the written-examination scores as reported 
bySalinitri and colleagues [24]. The attributes of  these results are 
related to student’s self-learning tools required for OSCE [25] 
where students are more engaged in practice by doing audiovisual 
and group discussions. These active participation tools enhance 
more retention of  knowledge than less active ones, for example, 
searching information in texts and web. 

Regarding our students’ satisfaction about PBL, this was pub-
lished earlier where positive perception was maximum for inte-
gration of  basic science into clinical knowledge and critical think-
ing. Also, majority valued the PBL in enhancing communication 
skills and promoting positive interpersonal relations [26]. Similar 
findings were reported from Qassim University, KSA 18. These 
results together with the present study clearly show that despite 

students were not exposed to PBL before admission to medical 
school, they face no problem to adapt easily with the PBL system 
and they score even better. 

Conclusion

In the integrated multidisciplinary basic science program of  the 
first two years at PNU Medical School, the PBL system revealed 
a significantly higher score than the LBL. This indicates the high-
er performance of  the PBL for the retention of  knowledge and 
problem solving skills. The study also demonstrated a moderate 
correlation between the BPL and the LBL scores. Based on the 
better performance in the PBL, the authors assume that junior 
students have accepted this system efficiently. Data provided evi-
dence regarding 6 to 8 months duration of  knowledge retention; 
however Interactive lectures with proper learning objectives, se-
quencing, animations and videos also help in long term retention 
of  medical information.
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