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ABSTRACT
Introduction: Medication-related errors place a heavy financial burden on healthcare 
systems worldwide, and mistakes are most likely to occur at the stage of prescribing. 
Junior doctors are more likely to make prescribing errors, and medical graduates also lack 
confidence and preparedness towards prescribing. Thus, this review aimed to evaluate the 
existing educational approaches to improve pharmacological knowledge and prescribing 
skills among medical students.

Methods: CENTRAL, CINAHL, ERIC, Ovid Embase, Ovid MEDLINE, Ovid PsycINFO, and Scopus 
were searched with keywords related to “pharmacological knowledge”, “prescribing 
skills”, “educational interventions” for articles published since 2016.

Results: 3595 records were identified, and 115 full-text articles were assessed for 
eligibility. Eighty full-text articles were eligible and included in this review. Thirty-seven 
studies focused on improving prescribing skills, whilst 43 targeted pharmacological 
knowledge. A broad range of interventions was implemented, including e-learning, case-
based, interprofessional, and experiential learning. Pharmacological knowledge and 
prescribing skills were measured in various ways, and all studies reported one or more 
positive findings at Kirkpatrick level 1 or 2. No study reported outcomes at Kirkpatrick 
levels 3 and 4.

Discussion: The World Health Organisation’s Good Guide to Prescribing was the foundation 
of the development of prescribing educational interventions. Emerging interventions such 
as experiential and interprofessional learning should be incorporated into the prescribing 
curriculum. Innovative approaches such as game-based learning can be considered for 
clinical pharmacology teaching. However, there was a lack of outcomes at Kirkpatrick 
levels 3 and 4. Robust methodology and reliable outcome measures are also needed in 
future studies.
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INTRODUCTION

Medication-related errors and unsafe prescribing practices 
have been recognised as one of the leading causes of 
preventable harm in healthcare systems globally. The 
World Health Organisation (WHO) estimated that the 
cost globally associated with medication-related errors is 
up to USD$42 billion annually [1]. Although medication-
related errors can occur at any point from the prescription 
process through to administration, errors are most likely 
to take place during prescribing [2]. It has been estimated 
that prescribing errors occur in 7% of total medication 
orders and up to 50% of hospital admissions. Of these 
prescribing errors, those related to medication dosage and 
antimicrobial use are most reported [3].

In the past decade, two large studies found that 
doctors in their first two years of training were far more 
likely to make a prescribing error than senior doctors [4, 5]. 

These studies identified that although the most frequent 
error-causing factor was the busy and complex working 
environment, at least 25% of the junior doctors perceived 
a lack of knowledge or experience as a significant factor. 
A more recent systematic review of final-year medical 
student prescribing competency concluded that medical 
graduates lacked prescribing competencies necessary 
for safe prescribing as well as self-confidence and self-
perceived preparedness [6]. The 2019 Australian National 
Preparedness for Internship Survey and a large European 
cross-sectional study also reported similar findings [7].

In Tomorrow’s Doctors 2009, the United Kingdom General 
Medical Council states that medical graduates are expected 
to “prescribe drugs safely, effectively and economically” [8]. 
Therefore, medical schools play a pivotal role in preparing 
students for their role as prescribers. There have been 
significant changes in the delivery of clinical pharmacology 
and therapeutics education in medical schools over the last 
two decades, with a shift from didactic teaching to problem-
based learning (PBL) as recommended by Tomorrow’s 
Doctors in 1993 [9]. As a result, pharmacology teaching is 
now commonly incorporated into the curriculum in the form 
of PBL rather than being delivered as an individual subject 
to reduce information overload [9]. With this shift, medical 
schools have attempted to determine the most effective 
educational approaches to improve pharmacological 
knowledge and prescribing skills among medical students. 
Three comprehensive reviews on educational interventions 
to improve prescribing skills have been published since 
2009, all acknowledging the effectiveness of using the 
WHO Good Guide to Prescribing (GGP) as the cornerstone 
of prescribing curriculum design [10–12]. This six-step 
approach to prescribing has been utilised to develop other 
clinical pharmacology educational programs, such as the 

National Prescribing Service MedicineWise in Australia, a 
comprehensive online learning program [11, 13]. One of 
the reviews also found emerging evidence of the benefits of 
promoting published therapeutic guidelines and optimising 
interprofessional communication [11]. The most recent 
review additionally noted the effectiveness of small-group 
teaching. However, the authors also highlighted the lack of 
innovation in prescribing education and longitudinal follow-
up regarding the effectiveness of prescribing educational 
interventions [12].

Notably, most reviews to date have included participants 
in the early stages of their careers (i.e., qualified doctors 
but within two years post-graduation). Whilst medical 
students have been included in some of these reviews, 
none have specifically targeted this population. Most of 
the literature focuses solely on prescribing skills rather 
than pharmacological knowledge. There is no doubt that 
prescribing is a complex task requiring the integration of 
knowledge, skills and attitudes of clinical pharmacology 
and therapeutics [14]. However, pharmacology acts as 
the scientific basis of safe prescribing in clinical practice 
[15]. Therefore, it is crucial for medical students to improve 
their theoretical knowledge alongside the development of 
necessary skills and attitudes for safe prescribing within an 
interactive clinical context [16]. As the body of research in 
this field grows, a comprehensive analysis of contemporary 
educational approaches in clinical pharmacology and 
prescribing is needed to inform medical educators of new 
and innovative approaches. Therefore, this scoping review 
aims to provide a contemporary and comprehensive 
description of the range of prescribing and pharmacology 
educational approaches and outcomes for medical 
students to guide medical educators and provide future 
research directions.

METHODS

The scoping review was conducted in accordance with the 
Joanna Briggs Institute methodology for scoping reviews 
[17].

SEARCH STRATEGY
The search strategy aimed to locate both published and 
unpublished studies. An initial limited search of Ovid 
MEDLINE and ERIC was undertaken to identify articles on 
the topic. The initial search strategy was developed with the 
aid of two librarians from the University of Melbourne and 
the Royal Melbourne Hospital respectively. The text words 
contained in the titles and abstracts of relevant articles 
and the index terms used to describe the articles were 
used to develop a full search strategy for CENTRAL, CINAHL, 



350Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

ERIC, Ovid Embase, Ovid MEDLINE, Ovid PsycINFO, and 
Scopus (see Appendix 1). Keywords and Medical Subjective 
Headings (MeSH) terms used included pharmacology, 
pharmaceutical, prescribing, teaching, education, learning, 
and undergraduate and postgraduate medical students. 
The search strategy, including all identified keywords and 
index terms, was adapted for each included database. 
The reference list of all included sources of evidence 
was screened for additional studies. Grey literature was 
searched using OpenGrey (http://www.opengrey.eu).

INCLUSION AND EXCLUSION CRITERIA
All primary studies published in English from January 
2016 to July 2021, with medical students as participants, 
were included. The date range ensured that included 
studies would be contemporary, and the initial limited 
search had demonstrated that a broad range of studies 
would be included. Included studies targeted clinical 
pharmacological knowledge and/or prescribing skills with 
outcomes classifiable by Kirkpatrick evaluation levels 
(See Table 1). We included studies that targeted any 
component of the prescribing task, such as drug choice, 
medication safety, and medication communication skills 
[18]. Conference papers/abstracts and opinion letters/
commentaries were excluded.

All titles and abstracts were independently screened 
by two review authors (WS and HQ) based on Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines [19]. Full-text articles were subsequently 
retrieved and reviewed for final inclusion. Any uncertainty 
was resolved by discussion among the four authors (WS, 
LN, HQ, BV).

DATA EXTRACTION
Study design, participants, intervention, outcome 
assessments, assessment time points and results were 
independently extracted by WS and HQ.

Reflexive Statement
The research question was derived from the author’s 
experience as medical educators and medical students, 
namely the challenge to learn and teach clinical 
pharmacology and prescribing skills. Further, our interest 
was in understanding how best to engage learners with 
this content. Therefore, the search strategy was developed 
in the light of the authors’ joint interests. The two authors 
who undertook the data extraction (WS, HQ) were medical 
students at the time, and the extraction was verified by 
the other authors (LN, BV). The inclusion of a non-medical 
practitioner who had not taught this content (BV) ensured 
a level of rigour in the data extraction oversight and 
subsequent analysis.

RESULTS

STUDY CHARACTERISTICS
In total, 3595 records were identified through the initial 
search. Following the screening, 2423 records were 
excluded. One hundred and sixteen (n = 116) full-text 
articles were assessed for eligibility (See Figure 1), and 80 
studies met the inclusion criteria. For details of each study 
see Appendix 2. Almost half of the studies (34 studies, 
43%) were conducted in India.

There was a mix of study designs, including eight 
randomised controlled trials [20–27], nine comparative 
studies [28–36], six prospective studies [37–42], 12 before 
and after studies [43–54], five mixed-method evaluation 
studies [55–59], five crossover studies [60–64], five quasi-
experimental studies [65–69] and four cross-sectional 
studies [70–73]. The remaining 26 were post-intervention 
evaluation studies. There was a total of 11305 participants 
(not including the three studies that did not specify the 
number of participants), with each study including between 
six and 606 participants. Participants were spread across all 

Level 1: Reaction Level 1a: Satisfaction reactions, commonly described as “liking of training”.

Level 1b: Utility reactions, which are self-perceived or self-assessed and include usefulness of the intervention, “ability to 
perform the job” and confidence

Level 2: Learning Level 2a: Changes in attitudes or perceptions
Level 2b: Post-intervention knowledge
Level 2c: Behaviour or skill demonstration

Level 3: Transfer Level 3: Transfer of attitudes or perceptions, knowledge, and skills into workplace

Level 4: Results Level 4a: Changes in organisational practice including changes within the organisation or delivery of care
Level 4b: Benefits to patients including improvement in the health outcomes and well-being of the patients

Table 1 Kirkpatrick levels of assessing educational outcomes.

Note: Adapted from a meta-analysis [102] of the relations among training criteria and a research article published by Yardley and Dornan 
[103] on Medical Education.

http://www.opengrey.eu
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year levels, with the highest number (n = 549) of participants 
in their second year of medical school. Forty-three studies 
aimed to improve clinical pharmacological knowledge, 
whilst 37 studies prioritised improving prescribing skills.

Whilst most studies only reported immediate outcomes, 
eight included delayed outcomes (ranging from three days 
to four years). Eleven studies utilised a combination of 
educational interventions.

ASSESSMENT OUTCOMES
Assessed outcomes were based on the first two levels of the 
Kirkpatrick training evaluation model. Sixty studies (75%) 
used objective assessments (Kirkpatrick level 2), including 
prescription writing and knowledge tests such as multiple-
choice questions (MCQs), short answer questions (SAQs), 

and objective structured clinical examinations (OSCEs). 
Among these, 48 studies measured post-intervention 
knowledge (level 2b), 13 studies assessed prescribing skills 
(level 2c), and six studies evaluated students’ perceptions 
and attitudes towards the intervention (level 2a). Most 
studies (73 studies, 91%) included a form of subjective 
student evaluation (Kirkpatrick level 1) of the intervention 
using Likert scale questionnaires, feedback surveys or focus 
group interviews. 35 studies measured student satisfaction 
(level 1a), and 55 measured students’ evaluation of the 
usefulness and self-perceived confidence (level 1b). Four 
studies measured outcomes at level 2a. All studies reported 
positive findings for at least one assessed outcome; of 
these, 51 studies (64%) included an analysis for statistical 
significance.

Figure 1 PRISMA flow chart.



352Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

TYPES OF INTERVENTION
A wide variety of educational interventions were 
implemented. E-learning was the most widely adopted 
strategy (16 studies, 20%), followed by case-based 
learning (10 studies, 12.5%) and simulation and role 
play (6 studies, 8%). Eight interventions (10%) were on 
interprofessional learning and six studies (8%) adopted 
experiential (patient-based) learning. There were five 
studies on game-based learning (6%) and three (4%) on 
peer-led learning. Eleven studies (14%) used a combination 
of interventions, including didactic learning, case-based 
learning, prescription writing exercises, and e-learning. 
Other studies implemented creative interventions such as 
video shooting and poem writing.

E-learning
Electronic learning, also known as ‘e-learning’ or “online 
learning”, was the most commonly evaluated intervention, 
with 16 studies investigating its effects [20, 21, 28–31, 37, 
38, 43–45, 55, 63, 65, 70, 74]. E-learning is defined as the 
utilisation of the Internet and computing for educational 
purposes [75]. Seven studies [28–31, 43, 65, 70] utilised 
computer-assisted learning in experimental pharmacology, 
and of these, two [31, 70] used this approach to replace 
traditional animal experimental teaching and achieved 
positive outcomes in both post-intervention knowledge 
tests and satisfaction among students. Overall, students 
preferred computer-based animal simulation over animal 
experiments as they found the simulation more engaging 
and provided a clearer understanding of the topic. In addition, 
three studies implemented computer-assisted learning 
to teach prescribing, which combined theoretical content 
delivery with interactive case-based learning [20, 21, 38]. All 
three studies reported positive outcomes immediately post-
intervention. Moreover, two of the three studies measured 
delayed outcomes and found higher knowledge retention 
among students from the intervention group compared to 
the control group at 30 days and 6 months, respectively [20, 
28]. Sengupta et al. [28] conducted a one-hour e-learning 
session and reported that the intervention group retained 
knowledge significantly better 30 days after the intervention 
than the control group who received one-hour didactic 
teaching. Similarly, Sikkens et al. [20] allowed students to 
complete the online learning over six weeks and found that 
the intervention group performed better in both knowledge 
tests and objective structured clinical examination (OSCE) 
prescription writing after six months than the control group 
who received no e-learning. Additionally, Tripathi et al. [37] 
compared the effectiveness and students’ perception of 
blended learning (didactic learning followed by e-learning) 
with e-learning alone. These authors reported that students 
found blended learning more enjoyable, whereas e-learning 
was more effective in knowledge gain.

Interprofessional learning
Eight studies examined the effectiveness of interprofessional 
learning on prescribing skills and found positive Kirkpatrick 
level 1 outcomes for all studies [47–49, 56, 57, 76–78]. 
Of these, three studies [47, 48, 76] were pharmacist-led, 
and the remaining focused on interprofessional learning 
among pharmacy and medical students. Four studies 
described prescribing workshops where medical students 
participated in prescribing exercises with the support 
of pharmacists or pharmacy students [48, 49, 76, 78]. 
Newby et al. implemented an eight-week pharmacist-led 
prescribing program in hospitals where students received 
feedback from pharmacists on their written prescriptions 
and participated in case-based tutorials [48]. Although 
there was no statistically significant improvement in 
the appropriateness of prescribing, students reported 
significant improvement in self-confidence and awareness 
of the good prescribing practice (p < 0.05).

Case-based learning
Kirkpatrick level 1 outcomes were positive for most studies 
evaluating case-based learning [33, 34, 50, 60, 66, 79–81]. 
Brinkman et al. examined the effectiveness of integrated, 
case-based learning where pharmacology teaching was 
integrated with other disciplines, such as pathophysiology 
and microbiology [34]. It was reported that students from 
the integrated, case-based learning performed significantly 
better in both knowledge and prescribing tests.

Peer-led learning
Two RCTs compared the effectiveness of didactic tutorials 
with student-led objective tutorials — a form of self-
directed learning where students engage in group learning 
with resources and guidance provided by educators [22, 
23]. More specifically, students in groups designed their 
own MCQs with self-determined learning objectives on 
the selected pharmacology topics and then presented 
the questions to the whole class [23]. Both RCTs reported 
that medical students perceived peer-led learning in 
small groups as more stimulating than didactic teaching, 
and their pharmacological knowledge improved post-
intervention. Shenoy et al. compared the effectiveness of 
a student-led objective tutorial with a crossword puzzle in 
clinical pharmacology teaching [35]. It was reported that 
students from the student-led objective tutorial group 
scored significantly higher on the knowledge test, and 
they found student-led objective tutorial provided more in-
depth learning than the crossword puzzle.

Experiential learning
Five studies incorporated a component of patient 
interaction or hospital-based learning into the teaching 
of prescribing skills [36, 40, 61, 82, 83]. Two studies were 
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conducted in a hospital setting where medical students 
were directly involved in the delivery of patient care [40, 82]. 

Kinston et al. provided students with opportunities to write 
prescriptions for inpatients under supervision. During the 
intervention, they conducted an audit of prescriptions and 
identified the common mistakes made during the process 
of prescribing. The study only reported Kirkpatrick level 1 
outcomes which showed increased prescribing confidence. 
In the other study, students were involved in screening 
potential adverse drug reactions among inpatients, patient 
interviews and reporting of adverse drug reactions on 
the ward [40]. This intervention was reported to improve 
knowledge of objective assessments and raised awareness 
of the importance of adverse drug reaction recognition in 
clinical practice. Thenrajan et al. conducted a comparative 
study where the intervention group took patient histories 
whilst the control group was given written scenarios on 
the same clinical conditions [36]. The intervention group 
performed significantly better in their prescribing test. As 
an alternative to clinical-placement-based experiential 
learning at a time when clinical placements were paused 
during the COVID-19 pandemic, Jose et al. developed 
a creative project where students practiced medication 
history-taking with their families and friends instead. They 
reported that the intervention was useful in understanding 
the theoretical components of clinical pharmacology [84].

Simulation and role-play
Three studies aimed to improve pharmacological 
knowledge through simulations [31, 39, 85]. Arcoraci et al. 
conducted a comparative study involving 90 students and 
found that high-fidelity simulation was associated with 
effective learning and knowledge retention [32]. Nicolaou 
et al. reported that the interactive computerised simulation 
tool was more helpful in improving pharmacological 
knowledge than case-based learning [39]. Three other 
studies implemented peer role-play to enhance students’ 
medication communication skills [46, 86, 87]. Overall, 
medical students were satisfied with role-play as a 
learning tool and increased self-perceived confidence or 
competence using this educational strategy.

Game-based learning
Five studies were conducted to evaluate the effects of 
game-based learning on clinical pharmacology teaching 
[24, 26, 51, 58, 88]. Of these, four studies focused on 
pharmacological knowledge and reported positive 
Kirkpatrick level 1 and 2 outcomes. Interestingly, although 
one study found no difference in knowledge test results 
immediately post-intervention between groups (both 
groups improved, and the control group received didactic 
teaching), students who received game-based learning 

retained knowledge significantly better three days after the 
intervention [58].

Multicomponent educational interventions
Eleven studies used multicomponent interventions [42, 
52, 53, 67, 71, 89–94], and of these, seven focused on 
prescribing skills and four on clinical pharmacology 
knowledge. Among all seven studies on prescribing skills, the 
most common components included prescription writing 
exercises (4 studies) [42, 53, 71, 89], case-based learning 
(3 studies) [90, 91, 94], and group discussions (3 studies) 
[42, 53, 71]. Three studies reported positive Kirkpatrick 
level 2c outcomes – statistically significant improvement 
in prescription writing and medication communication 
skills [53, 71, 94] and another reported retention of 
prescribing skills four years after the intervention (42). As 
for the four studies which examined the effectiveness of 
multicomponent educational interventions in the clinical 
pharmacology teaching [52, 67, 92, 93], all four included a 
component of didactic teaching and reported at least one 
positive finding on Kirkpatrick level 1. Three of the studies 
also incorporated group learning in the format of group 
assignments or group discussions [52, 92, 93].

Other types of educational interventions
Three studies [95–97] evaluated creative interventions — 
the effects of video shooting, poem writing and creation 
of medication autobiographies in pharmacology teaching, 
respectively. All reported positive findings on Kirkpatrick 
level 1, with most students finding the interventions 
enjoyable. However, no outcomes at higher Kirkpatrick 
levels (including level 2) were assessed [95–97]. Moreover, 
two other studies introduced mind mapping as a learning 
tool which students found useful in facilitating their 
learning of clinical pharmacology [68, 73].

DISCUSSION

This contemporary scoping review of pharmacology and 
prescribing education for medical students included 
80 studies published in the past five years with a wide 
range of educational interventions. Kirkpatrick level 1 
and 2 outcomes were widely found to be positive across 
interventions, but no studies evaluated Kirkpatrick level 3 
or 4 outcomes.

Overall, the outcomes reported in the current review were 
similar to previous reviews on educational interventions 
for improving prescribing skills [10–12]. Over the last two 
decades, the WHO GGP was widely reported as one of the 
cornerstones of prescribing education, and this is consistent 
with the findings of this review [10–12]. Thirty-five studies 
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included in the current review aimed to improve prescribing 
skills, and six of these explicitly reported designing their 
educational interventions based on the WHO GGP six-step 
approach [20, 36, 53, 64, 80, 89]. All six studies reported 
positive Kirkpatrick level 1 outcomes and four of these also 
reported positive Kirkpatrick level 2 findings [20, 36, 53, 
64]. Moreover, problem-based learning underpinned by the 
WHO GGP appears to be an effective educational strategy 
[98]. Although other studies did not explicitly mention the 
WHO GGP, it was evident they incorporated some, if not 
all, of the WHO GGP principles, as clinical case scenarios 
formed the foundation of their interventions.

Experiential learning has not been emphasised in 
previous reviews [10–12] and appears to be an emerging 
approach The lack of emphasis on experiential learning is 
likely due to medical students being legally prevented from 
prescribing. However, the studies on experiential learning 
reported benefits with respect to improving prescribing 
skills and self-confidence, which highlights the importance 
of creating opportunities where possible for students to 
practice prescribing on the wards under supervision [82]. 

Auditing appears to be another effective intervention as 
by having medical students detect adverse drug reactions 
in physicians’ prescriptions, there were effective dual 
outcomes in terms of cost-effectiveness and improvement 
in prescribing skills [40]. As advocated by Linton and 
Murdoch-Eaton, prescribing training should occur in the 
context of a clinical environment to provide students with 
the most authentic experience possible [99]. Moreover, 
according to the 2019 Australian National Preparedness for 
Internship Survey, final-year students ranked “exposure to 
prescribing in clinical situations” as the third most effective 
factor in increasing preparedness [7]. Experiential learning 
should therefore be incorporated into existing prescribing 
curricula. For example, educators might consider that 
the increasing adoption of electronic medical record 
systems may provide a system of safe student prescribing 
through built-in safety checks by supervising doctors and 
pharmacists.

Prescribing education presents an opportunity to utilise 
interprofessional learning, given it reflects the reality of 
prescribing practice. Interprofessional learning has been 
implemented in the format of either pharmacist-led 
learning or interprofessional workshops with pharmacy 
students. All seven studies included in this review also 
incorporated a component of case-based learning [47–
49, 56, 57, 76, 77]. Similar to previous reviews, all seven 
studies found positive Kirkpatrick level 1 outcomes. 
However, in contrast to other interventions, outcomes 
at Kirkpatrick level 2 were less promising due to a lack of 
p-values or statistical significance. Therefore, the lack of 
strong statistical evidence at Kirkpatrick level 2 and above 

in interprofessional learning should be addressed in future 
studies.

In contrast to other reviews, the current review 
examined the effects of educational strategies on 
improving pharmacological knowledge. There was a 
huge diversity of tools implemented, including game-
based learning, simulation, video production and poem 
writing. Among these, game-based learning appeared 
effective not only in improving pharmacology knowledge 
[24, 26, 58, 88], but engaging students in active 
learning [24]. The understanding of pharmacological 
concepts was reinforced through group discussion and 
collaboration with peers [58], demonstrating that whilst 
pharmacology may have traditionally been considered a 
‘dry’ subject, there are educational approaches which can 
nevertheless be stimulating. Game-based learning also 
generates a contextualised environment, which promotes 
‘comprehension-based acquisition of pharmacology 
knowledge’ rather than ‘linear order of knowledge gain’ 
[26, 58]. Therefore, game-based learning could be a useful 
educational approach for stimulating interest in ‘dry’ topics 
[24] and reinforcing students’ newly acquired knowledge.

Furthermore, it was noted that e-learning [20, 21, 
28–31, 37, 38, 43–45, 55, 63, 65, 70, 74] was one of the 
most common educational interventions for both clinical 
pharmacology and prescribing education likely due to 
increasing accessibility and cost-effectiveness. Seven 
[28–31, 43, 65, 70] out of 16 studies using e-learning 
utilised a computer-assisted animal simulation in 
pharmacology teaching and achieved positive outcomes 
on Kirkpatrick level 1 or 2. All these studies were conducted 
in India, reportedly due to growing ethical concerns about 
performing animal experiments [28]. Other common 
forms of e-learning include online interactive modules 
with clinical cases and multimedia such as videos and 
animations. One of the pitfalls of e-learning is recognised 
as the lack of active interaction among peers and teachers 
[100]. One way of tackling this barrier could be blended 
learning, where traditional classroom teaching is combined 
with e-learning. However, this review only found one 
study that showed students preferred blended learning to 
traditional learning and pure e-learning [37].

There was a large variety of outcome measurements 
used to assess knowledge and prescribing skills, many of 
which appeared to be locally developed. One study [50] 
implemented team-based learning aiming to improve 
students’ preparedness towards the Prescribing Safety 
Assessment (PSA), which is a standardised assessment 
developed by the British Pharmacological Society to assess 
the prescribing skills among UK medical graduates [50]. 
The PSA was first delivered in 2016 and subsequently 
adopted in Australia and New Zealand, where the test 
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has been regionalised and endorsed as an appropriate 
measure of prescribing competency [101]. Previous reviews 
have highlighted the lack of reliability and consistency 
in outcome assessments [10, 11]. Therefore, as a 
comprehensive existing validated outcome assessment, 
the PSA could be considered as an outcome measure for 
future studies. However, it may be subject to resourcing 
limits, takes two hours to complete and incurs a cost.

The limitations of the current review included: 
methodological weaknesses common to most studies, 
such as lack of randomisation, blinding, and control 
groups. The heterogeneity of the study designs and 
outcome measures made comparisons challenging, and 
whilst satisfaction and utility reactions are important for 
student engagement, these correlate poorly to knowledge 
improvement or prescribing behaviour change [102]. 
Furthermore, all included studies reported at least one 
positive outcome, raising the possibility of publication bias.

This scoping review highlighted significant gaps in the 
current literature which should be considered for future 
research: (1) using robust methodology with validated 
outcome measures, statistical analysis for significant 
differences and inclusion of effect sizes; (2) comparison of 
different types of interventions; (3) outcome assessments 
at Kirkpatrick levels 3 and 4; (4) delayed outcome measures 
to determine retention; and (5) studies specifically 
targeting interprofessional learning and experiential 
learning.

In conclusion, all studies in this review found positive 
outcomes across a broad range of interventions, with 
e-learning being the most common. The review has also 
highlighted interventions which are innovative and/or 
emerging in pharmacology education for medical students, 
such as experiential, interprofessional and game-based 
learning.

ADDITIONAL FILES

The additional files for this article can be found as follows:

•	 Appendix 1. Search strategies. DOI: https://doi.
org/10.5334/pme.1006.s1

•	 Appendix 2. Summary of pharmacology and 
prescribing educational interventions for medical 
students. DOI: https://doi.org/10.5334/pme.1006.s2

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR AFFILIATIONS

Weiwei Shi  orcid.org/0000-0002-9451-0161 

Melbourne Medical school, The University of Melbourne, 

Melbourne, Victoria, Australia

Helen Qin  orcid.org/0000-0003-1831-5679 

Department of Medical Education, The University of Melbourne, 

Melbourne, Victoria, Australia

Brett Vaughan  orcid.org/0000-0002-8623-4558 

Department of Medical Education, The University of Melbourne, 

Melbourne, Victoria, Australia

Louisa Ng  orcid.org/0000-0003-3135-244X

Associate Professor, The University of Melbourne, Melbourne 

Medical school, and Department of Medical Education, Australia; 

Department of Rehabilitation Medicine, The Royal Melbourne 

Hospital, Melbourne, Victoria, Australia

REFERENCES

1. World Health Organisation. Medication without harm – 

global patient safety challenge on medication safety. Geneva: 

WHO; 2017.

2. Riaz MK, Riaz M, Latif A. Medication errors and strategies for 

their prevention. Pakistan journal of pharmaceutical sciences. 

2017; 30(3): 921–28.

3. Lewis PJ, Dornan T, Taylor D, Tully MP, Wass V, Ashcroft 

DM. Prevalence, incidence and nature of prescribing errors 

in hospital inpatients. Drug safety. 2009; 32(5): 379–89. DOI: 

https://doi.org/10.2165/00002018-200932050-00002

4. Ashcroft DM, Lewis PJ, Tully MP, et al. Prevalence, nature, 

severity and risk factors for prescribing errors in hospital 

inpatients: prospective study in 20 UK hospitals. Drug safety. 

2015; 38(9): 833–43. DOI: https://doi.org/10.1007/s40264-

015-0320-x

5. Ryan C, Ross S, Davey P, et al. Prevalence and causes of 

prescribing errors: the PRescribing Outcomes for Trainee 

Doctors Engaged in Clinical Training (PROTECT) study. PloS 

one. 2014; 9(1): e79802. DOI: https://doi.org/10.1371/

journal.pone.0079802

6. Brinkman DJ, Tichelaar J, Graaf S, et al. Do final-year 

medical students have sufficient prescribing competencies? 

A systematic literature review. Br J Clin Pharmacol. 2018; 

84(4): 615–35. DOI: https://doi.org/10.1111/bcp.13491

7. Australia MBo. Australian Medical Council and Medical Board 

of Australia’s preparedness for internship survey – 2019 

national report [Internet]. Canberra: Australian Medical 

Council & Medical Board of Australia; 2019 [cited 2021 

Aug 15]. 45p. Available from: https://www.amc.org.au/

wp-content/uploads/2019/11/National-Report-2019-Survey-

FINAL.pdf.

https://doi.org/10.5334/pme.1006.s1
https://doi.org/10.5334/pme.1006.s1
https://doi.org/10.5334/pme.1006.s2
https://orcid.org/0000-0002-9451-0161
https://orcid.org/0000-0002-9451-0161
https://orcid.org/0000-0003-1831-5679
https://orcid.org/0000-0003-1831-5679
https://orcid.org/0000-0002-8623-4558
https://orcid.org/0000-0002-8623-4558
https://orcid.org/0000-0003-3135-244X
https://orcid.org/0000-0003-3135-244X
https://doi.org/10.2165/00002018-200932050-00002
https://doi.org/10.1007/s40264-015-0320-x
https://doi.org/10.1007/s40264-015-0320-x
https://doi.org/10.1371/journal.pone.0079802
https://doi.org/10.1371/journal.pone.0079802
https://doi.org/10.1111/bcp.13491
https://www.amc.org.au/wp-content/uploads/2019/11/National-Report-2019-Survey-FINAL.pdf
https://www.amc.org.au/wp-content/uploads/2019/11/National-Report-2019-Survey-FINAL.pdf
https://www.amc.org.au/wp-content/uploads/2019/11/National-Report-2019-Survey-FINAL.pdf


356Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

8. General Medical Council. Tomorrow’s doctors: outcomes 

and standards for undergraduate medical education 

[Internet]. London: General Medical Council; 2009 

[cited 2021 Aug 20]. 108p. Available from: http://www.

ub.edu/medicina_unitateducaciomedica/documentos/

TomorrowsDoctors_2009.pdf

9. Nazar H, Nazar M, Rothwell C, et al. Teaching safe 

prescribing to medical students: perspectives in the UK. 

Adv Med Educ Pract. 2015; 6: 279–95. DOI: https://doi.

org/10.2147/AMEP.S56179

10. Ross S, Loke YK. Do educational interventions improve 

prescribing by medical students and junior doctors? A 

systematic review. Br J Clin Pharmacol. 2009; 67(6): 662–70. 

DOI: https://doi.org/10.1111/j.1365-2125.2009.03395.x

11. Kamarudin G, Penm J, Chaar B, Moles R. Educational 

interventions to improve prescribing competency: a 

systematic review. BMJ open. 2013; 3(8): e003291. DOI: 

https://doi.org/10.1136/bmjopen-2013-003291

12. Omer U, Danopoulos E, Veysey M, Crampton P, Finn G. A 

Rapid Review of Prescribing Education Interventions. Med 

Sci Educ. 2021; 31(1): 273–89. DOI: https://doi.org/10.1007/

s40670-020-01131-8

13. Vries T, Richir M, Tichelaar J. WHO guide to good prescribing: 

the politics of medicines [Internet]. Amsterdam: Health 

Action International; 2012 [cited 2021 Aug 30]. 14p. 

Available from: https://haiweb.org/encyclopaedia/who-

guide-to-good-prescribing/.

14. Maxwell S, Walley T. Teaching safe and effective prescribing 

in UK medical schools: a core curriculum for tomorrow’s 

doctors. Br J Clin Pharmacol. 2003; 55(6): 496–503. DOI: 

https://doi.org/10.1046/j.1365-2125.2003.01878.x

15. Gwee MC. Teaching of medical pharmacology: the need 

to nurture the early development of desired attitudes for 

safe and rational drug prescribing. Med Teach. 2009; 31(9): 

847–54. DOI: https://doi.org/10.1080/01421590903168119

16. McLellan L, Tully MP, Dornan T. How could undergraduate 

education prepare new graduates to be safer prescribers? 

Br J Clin Pharmacol. 2012; 74(4): 605–13. DOI: https://doi.

org/10.1111/j.1365-2125.2012.04271.x

17. Peters M, Godfrey C, McInerney P, et al. Chapter 11: Scoping 

Reviews (2020 version) [Internet]. Adelaide: JBI; 2020 [cited 

2023 Apr 3]. Available from: https://synthesismanual.jbi.

globa. DOI: https://doi.org/10.46658/JBIRM-20-01

18. Aronson JK. A prescription for better prescribing. Br J 

Clin Pharmacol. 2006; 61(5): 487–91. DOI: https://doi.

org/10.1111/j.1365-2125.2006.02649.x

19. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 

statement: an updated guideline for reporting systematic 

reviews. BMJ. 2021; 372: n71. DOI: https://doi.org/10.1136/

bmj.n71

20. Sikkens JJ, Caris MG, Schutte T, et al. Improving antibiotic 

prescribing skills in medical students: the effect of e-learning 

after 6 months. J Antimicrob Chemother. 2018; 73(8): 2243–

46. DOI: https://doi.org/10.1093/jac/dky163

21. Elbeddini A, Tayefehchamani Y. Development and 

evaluation of an online medication safety module 

for medical students at a rural teaching hospital: The 

Winchester District Memorial Hospital. BMJ Open Qual. 2021; 

10(2): e001385. DOI: https://doi.org/10.1136/bmjoq-2021-

001385

22. Sukhlecha A, Jadav SP, Gosai TR, Balusamy D. Student-led 

objective tutorials in pharmacology: an interventional study. 

Indian J Pharmacol. 2016; 48(Suppl 1): S83–88. DOI: https://

doi.org/10.4103/0253-7613.193310

23. Arora K, Hashilkar N. Effectiveness of student-led objective 

tutorials in pharmacology teaching to medical students. 

Indian J Pharmacol. 2016; 48(Suppl 1): S78–82. DOI: https://

doi.org/10.4103/0253-7613.193321

24. Gudadappanavar AM, Benni JM, Javali SB. Effectiveness of 

the game-based learning over traditional teaching-learning 

strategy to instruct pharmacology for Phase II medical 

students. J Educ Health Promot. 2021; 10:  91.

25. Ahsan M, Mallick AK. Use of prelecture assignment to 

enhance learning in pharmacology lectures for the 2nd year 

medical students. Indian J Pharmacol. 2016; 48(Suppl 1): 

S65–68. DOI: https://doi.org/10.4103/0253-7613.193326

26. Karbownik MS, Wiktorowska-Owczarek A, Kowalczyk E, et 

al. Board game versus lecture-based seminar in the teaching 

of pharmacology of antimicrobial drugs--a randomized 

controlled trial. FEMS Microbiol Lett. 2016; 363(7). DOI: 

https://doi.org/10.1093/femsle/fnw045

27. Tichelaar J, Uil den SH, Antonini NF, van Agtmael MA, de 

Vries TP, Richir MC. A ‘SMART’ way to determine treatment 

goals in pharmacotherapy education. Br J Clin Pharmacol. 

2016; 82(1): 280–84. DOI: https://doi.org/10.1111/bcp.12919

28. Sengupta P, Sharma A, Das N. Is there any benefit of 

integrating computer-assisted learning with conventional 

teaching format in pharmacology to demonstrate the 

effects of different drugs on mean arterial blood pressure 

in an anesthetized dog?: A comparative study. J Nat Sci, Biol 

Med. 2017; 8(2): 181–85. DOI: https://doi.org/10.4103/0976-

9668.210013

29. Joseph LR, Pillai SR. Effectiveness of computer simulation 

versus chart-based learning in experimental pharmacology 

among undergraduate medical students. Natl J Physiol 

Pharm Pharmacol. 2021; 11(4): 367–71.

30. Mirza N, Gajjar B, Joshi A. Computer-assisted learning to 

teach experimental pharmacology – a comparative study. 

Natl J Physiol Pharm Pharmacol. 2021; 11(5): 554–57. DOI: 

https://doi.org/10.5455/njppp.2021.11.03076202130032021

31. Atray M, Agrawal A, Atray D. Comparative effectiveness of 

simulation based teaching versus conventional teaching for 

undergraduate students of second professional M.B.B.S in 

experimental pharmacology. IJPSR. 2017; 8(4): 1836–41.

http://www.ub.edu/medicina_unitateducaciomedica/documentos/TomorrowsDoctors_2009.pdf
http://www.ub.edu/medicina_unitateducaciomedica/documentos/TomorrowsDoctors_2009.pdf
http://www.ub.edu/medicina_unitateducaciomedica/documentos/TomorrowsDoctors_2009.pdf
https://doi.org/10.2147/AMEP.S56179
https://doi.org/10.2147/AMEP.S56179
https://doi.org/10.1111/j.1365-2125.2009.03395.x
https://doi.org/10.1136/bmjopen-2013-003291
https://doi.org/10.1007/s40670-020-01131-8
https://doi.org/10.1007/s40670-020-01131-8
https://haiweb.org/encyclopaedia/who-guide-to-good-prescribing/
https://haiweb.org/encyclopaedia/who-guide-to-good-prescribing/
https://doi.org/10.1046/j.1365-2125.2003.01878.x
https://doi.org/10.1080/01421590903168119
https://doi.org/10.1111/j.1365-2125.2012.04271.x
https://doi.org/10.1111/j.1365-2125.2012.04271.x
https://synthesismanual.jbi.globa
https://synthesismanual.jbi.globa
https://doi.org/10.46658/JBIRM-20-01
https://doi.org/10.1111/j.1365-2125.2006.02649.x
https://doi.org/10.1111/j.1365-2125.2006.02649.x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/jac/dky163
https://doi.org/10.1136/bmjoq-2021-001385
https://doi.org/10.1136/bmjoq-2021-001385
https://doi.org/10.4103/0253-7613.193310
https://doi.org/10.4103/0253-7613.193310
https://doi.org/10.4103/0253-7613.193321
https://doi.org/10.4103/0253-7613.193321
https://doi.org/10.4103/0253-7613.193326
https://doi.org/10.1093/femsle/fnw045
https://doi.org/10.1111/bcp.12919
https://doi.org/10.4103/0976-9668.210013
https://doi.org/10.4103/0976-9668.210013
https://doi.org/10.5455/njppp.2021.11.03076202130032021


357Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

32. Arcoraci V, Squadrito F, Altavilla D, et al. Medical simulation 

in pharmacology learning and retention: a comparison 

study with traditional teaching in undergraduate medical 

students. Pharmacol Res Perspect. 2019; 7(1). DOI: https://

doi.org/10.1002/prp2.449

33. Sharma S, Dahiya N. Use of scenarios to increase the 

effectiveness of lecture-based sessions in pharmacology. 

Natl J Physiol Pharm Pharmacol. 2017; 7(5): 517–21. DOI: 

https://doi.org/10.5455/njppp.2017.7.0825423012017

34. Brinkman DJ, Monteiro T, Monteiro EC, et al. Switching 

from a traditional undergraduate programme in (clinical) 

pharmacology and therapeutics to a problem-based learning 

programme. Eur J Clin Pharmacol. 2021; 77(3): 421–29. DOI: 

https://doi.org/10.1007/s00228-020-03027-3

35. Shenoy PJ, Rao RR. Crossword puzzles versus student-

led objective tutorials (SLOT) as innovative pedagogies in 

undergraduate medical education. Sci. Med. 2021; 31(1): 1–7. 

DOI: https://doi.org/10.15448/1980-6108.2021.1.37105

36. Thenrajan P, Murugan PR. Impact of patient-based teaching 

in improving prescription writing skills of II MBBS students. 

Int J Appl Basic Med Res. 2016; 6(3): 174–77. DOI: https://doi.

org/10.4103/2229-516X.186954

37. Tripathi RK, Kurle DG, Jalgaonkar SV, Sarkate PV, Rege 

NN. Implementation of supplemental E-learning models 

for blended learning in pharmacology. Natl J Physiol 

Pharm Pharmacol. 2017; 7(10): 1084–90. DOI: https://doi.

org/10.5455/njppp.2017.7.0514527052017

38. Patel PB, Patel T, Saurabh MK, Thakkar S. Perceptions 

and effectiveness of use of e-learning in pharmacology 

education. J Clin Diagn Res. 2018; 12(7): FC12-FC6. DOI: 

https://doi.org/10.7860/JCDR/2018/35791.11829

39. Nicolaou PA, El Saifi M. The impact of using virtual 

patients in preclinical pharmacology teaching. Adv Physiol 

Educ. 2020; 44(3): 363–9. DOI: https://doi.org/10.1152/

advan.00009.2020

40. Reumerman M, Tichelaar J, Richir MC, van Agtmael MA. 

Medical students as adverse drug event managers, learning 

about side effects while improving their reporting in clinical 

practice. Naunyn-Schmiedebergs Arch Pharmacol. 2021; 394(7): 

1467–76. DOI: https://doi.org/10.1007/s00210-021-02060-y

41. Parmar UI, Tripathi RK, Gajbhiye SV, Rege NN. Development 

and implementation of pharmacology museum as a 

teaching-learning tool: a prospective, interventional study. J 

Pharmacol Pharmacother. 2018; 9(3): 147–52. DOI: https://

doi.org/10.4103/jpp.JPP_54_18

42. Wallace D, Woolley T, Martin D, Rasalam R, Bellei M. 

Medication calculation and administration workshop and 

hurdle assessment increases student awareness towards the 

importance of safe practices to decrease medication errors 

in the future. Educ Health. 2016; 29(3): 171–78.

43. Amirtha R, Gupta R, Rehan HS, Gupta LK. Impact of 

computer assisted learning as teaching modality on learning 

and understanding of pharmacology among undergraduate 

medical students. Indian J Physiol Pharmacol. 2017; 61(2): 

202–7.

44. Laks M, Guerra CM, Miraglia JL, Medeiros EA. Distance 

learning in antimicrobial stewardship: innovation in medical 

education. BMC Med Educ. 2019; 19(1): 191. DOI: https://doi.

org/10.1186/s12909-019-1623-x

45. Riser E, Holterman LA, Maruti S, et al. Integrating DATA 

2000 waiver training into undergraduate medical education: 

the time is now. Subst Abus. 2021; 42(2): 236–43. DOI: 

https://doi.org/10.1080/08897077.2021.1903653

46. Hawley CE, Triantafylidis LK, Phillips SC, Schwartz AW. 

Brown bag simulation to improve medication management 

in older adults. MedEdPORTAL. 2019; 15: 10857. DOI: https://

doi.org/10.15766/mep_2374-8265.10857

47. Javadi M, Khezrian M, Sadeghi A, Hajimiri S, Eslami K. 

An interprofessional collaboration between medicine and 

pharmacy schools: designing and evaluating a teaching 

program on practical prescribing. J Res Pharm Pract. 2017; 

6(3): 178–81. DOI: https://doi.org/10.4103/jrpp.JRPP_17_16

48. Newby DA, Stokes B, Smith AJ. A pilot study of a 

pharmacist-led prescribing program for final-year medical 

students. BMC Med Educ. 2019; 19(1): 54. DOI: https://doi.

org/10.1186/s12909-019-1486-1

49. Allen SM, Kachlic MD, Parent-Stevens L. Pharmacy students 

teaching prescription writing and nonprescription product 

selection to medical students. Am J Pharm Educ. 2020; 84(3): 

306–10. DOI: https://doi.org/10.5688/ajpe6972

50. Field SM, Burstow NJ, Owen DR, Sam AH. Using team-based 

revision to prepare medical students for the prescribing 

safety assessment. Adv Med Educ Pract. 2019; 10: 501–6. 

DOI: https://doi.org/10.2147/AMEP.S204435

51. Davies AP. Evaluation of a Novel Antibiotic Teaching 

Resource. Med Sci Educ. 2020; 30(1): 107–9. DOI: https://doi.

org/10.1007/s40670-020-00927-y

52. Oldfield BJ, Tetrault JM, Wilkins KM, Edelman EJ, Capurso 

NA. Opioid overdose prevention education for medical 

students: adopting harm reduction into mandatory clerkship 

curricula. Subst Abus. 2020; 41(1): 29–34. DOI: https://doi.org

/10.1080/08897077.2019.1621241

53. Nayak V, Adiga S, Shenoy S, Holla S. Implementation and 

assessment of a module to enhance prescribing competency 

in undergraduate medical students. Med J Armed Forces 

India. 2021; 77: S122–S28. DOI: https://doi.org/10.1016/j.

mjafi.2020.12.025

54. Cambra-Badii I, Frances ML, Videla S, et al. Cinemeducation 

in clinical pharmacology: using cinema to help students 

learn about pharmacovigilance and adverse drug reactions. 

Eur J Clin Pharmacol. 2020; 76(12): 1653–58. DOI: https://doi.

org/10.1007/s00228-020-02985-y

55. Corbin BD, Colditz JB, Sidani JE, et al. The SMARxT media 

literacy program: improving evidence-based prescribing 

https://doi.org/10.1002/prp2.449
https://doi.org/10.1002/prp2.449
https://doi.org/10.5455/njppp.2017.7.0825423012017
https://doi.org/10.1007/s00228-020-03027-3
https://doi.org/10.15448/1980-6108.2021.1.37105
https://doi.org/10.4103/2229-516X.186954
https://doi.org/10.4103/2229-516X.186954
https://doi.org/10.5455/njppp.2017.7.0514527052017
https://doi.org/10.5455/njppp.2017.7.0514527052017
https://doi.org/10.7860/JCDR/2018/35791.11829
https://doi.org/10.1152/advan.00009.2020
https://doi.org/10.1152/advan.00009.2020
https://doi.org/10.1007/s00210-021-02060-y
https://doi.org/10.4103/jpp.JPP_54_18
https://doi.org/10.4103/jpp.JPP_54_18
https://doi.org/10.1186/s12909-019-1623-x
https://doi.org/10.1186/s12909-019-1623-x
https://doi.org/10.1080/08897077.2021.1903653
https://doi.org/10.15766/mep_2374-8265.10857
https://doi.org/10.15766/mep_2374-8265.10857
https://doi.org/10.4103/jrpp.JRPP_17_16
https://doi.org/10.1186/s12909-019-1486-1
https://doi.org/10.1186/s12909-019-1486-1
https://doi.org/10.5688/ajpe6972
https://doi.org/10.2147/AMEP.S204435
https://doi.org/10.1007/s40670-020-00927-y
https://doi.org/10.1007/s40670-020-00927-y
https://doi.org/10.1080/08897077.2019.1621241
https://doi.org/10.1080/08897077.2019.1621241
https://doi.org/10.1016/j.mjafi.2020.12.025
https://doi.org/10.1016/j.mjafi.2020.12.025
https://doi.org/10.1007/s00228-020-02985-y
https://doi.org/10.1007/s00228-020-02985-y


358Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

among medical students. J Media Lit Educ. 2018; 10(3): 1–19. 

DOI: https://doi.org/10.23860/JMLE-2018-10-03-01

56. Anderson E, Lakhani N. Interprofessional learning on 

polypharmacy. Clin Teach. 2016; 13(4): 291–7. DOI: https://

doi.org/10.1111/tct.12485

57. Guilding C, Hardisty J, Randles E, et al. Designing and 

evaluating an interprofessional education conference 

approach to antimicrobial education. BMC Med Educ. 2020; 

20(1): 360. DOI: https://doi.org/10.1186/s12909-020-02252-9

58. Aynsley SA, Nathawat K, Crawford RM. Evaluating student 

perceptions of using a game-based approach to aid learning: 

braincept. High Educ Pedagog. 2018; 3(1): 478–89. DOI: 

https://doi.org/10.1080/23752696.2018.1435296

59. Atif Beg M, Bawa S, Singh A, Kumar H. Pre-reading material 

as a teaching tool in pharmacology for second professional 

MBBS students. J Pharm Sci Res. 2020; 12(11): 1371–4.

60. Kaur G, Rehncy J, Kahal KS, et al. Case-based learning 

as an effective tool in teaching pharmacology to 

undergraduate medical students in a large group setting. 

J Med Educ Curric Dev. 2020; 7: 1–6. DOI: https://doi.

org/10.1177/2382120520920640

61. Singh DK, Shankar P, Tutu S, Lakhani P, Dixit RK. Impact of 

teaching clinical aspects of cardiovascular pharmacology at 

bedside. IJPSR. 2017; 8(1): 301–4.

62. Yadav PP, Chaudhary M, Patel J, Shah A, Kantharia 

ND. Effectiveness of integrated teaching module in 

pharmacology among medical undergraduates. Int J 

Appl Basic Med Res. 2016; 6(3): 215–9. DOI: https://doi.

org/10.4103/2229-516X.186962

63. Badyal DK, Bala S, Singh T, Gulrez G. Impact of immediate 

feedback on the learning of medical students in 

pharmacology. J Adv Med Educ Prof. 2019; 7(1): 1–6.

64. Remesh A, Aiswarya R. Evaluation of effectiveness of 

structured teaching-learning module on pharmacovigilance 

and rational drug therapy: an intervention. Natl J Physiol 

Pharm Pharmacol. 2021; 11(3): 304–7.

65. Nettath NS. Comparison of computer-assisted learning 

and lecture-based learning in teaching pharmacology for 

undergraduate medical students. Natl J Physiol Pharm 

Pharmacol. 2019; 9(1): 83–5.

66. Palappallil DS, Sankar HKN, Retnayyan A, Radhakrishnan 

S. Effectiveness of case-based learning, task-based learning, 

and didactic lectures on teaching personal drug concept 

among medical undergraduates. Natl J Physiol Pharm 

Pharmacol. 2019; 9(5): 438–44. DOI: https://doi.org/10.5455/

njppp.2019.9.0308619032019

67. Nori P, Madaline T, Munjal I, et al. Developing interactive 

antimicrobial stewardship and infection prevention curricula 

for diverse learners: a tailored approach. Open Forum Infect Dis. 

2017; 4(3): ofx117. DOI: https://doi.org/10.1093/ofid/ofx117

68. Ying G, Jianping X, Haiyun L, et al. Using mind maps to 

improve medical student performance in a pharmacology 

course at Kunming medical university. J Coll Physicians Surg 

Pak. 2017; 27(7): 404–8.

69. Kim DH, Lee JH, Kim SA. The pharmacology course for 

preclinical students using team-based learning. Korean J 

Med Educ. 2020; 32(1): 35–46. DOI: https://doi.org/10.3946/

kjme.2020.151

70. Santhanalakshmi P, Oommen S, Alwar MC, Arya J. 

Effectiveness of computer-assisted learning as a teaching 

method in experimental pharmacology. Natl J Physiol 

Pharm Pharmacol. 2018; 8(11): 1470–4. DOI: https://doi.

org/10.5455/njppp.2018.8.0723926072018

71. Raghu G, Arumugam B, Paul P. Evaluation of hands on 

training on prescription writing skills among medical 

students in a tertiary care teaching hospital. Natl J Physiol 

Pharm Pharmacol. 2017; 7(12): 1371–6. DOI: https://doi.

org/10.5455/njppp.2017.7.0832904092017

72. Kalikar M, Dakhale G, Shrirao M. Effect of educational 

intervention on awareness of pharmacovigilance among 

medical undergraduates in a tertiary care teaching hospital. 

Perspect Clin Res. 2020; 11(2): 92–6. DOI: https://doi.

org/10.4103/picr.PICR_16_19

73. Nath S, Bhattacharyya S, Preetinanda P. Perception of 

students and faculties towards implementation of concept 

mapping in pharmacology: a cross-sectional interventional 

study. J Clin Diagn Res. 2021; 15(4): FC08-FC13. DOI: https://

doi.org/10.7860/JCDR/2021/48561.14797

74. Nalini GK, Deepak P, Neelamma P, Sahana GN, Nagaral JV. 

Effectiveness of digital learning versus traditional learning 

among undergraduate students – Prescription writing. Natl J 

Physiol Pharm Pharmacol. 2020; 10(1): 9–14.

75. Ellaway R, Masters K. AMEE guide 32: e-Learning in medical 

education part 1: learning, teaching and assessment. 

Med Teach. 2008; 30(5): 455–73. DOI: https://doi.

org/10.1080/01421590802108331

76. Ward S, Wasson G. Bridging the gap: improving safe 

prescribing from university to workplace. Int J Clin Pharm. 

2016; 38(5): 1023–6. DOI: https://doi.org/10.1007/s11096-

016-0346-x

77. Kostas T, Thomas J, Thompson K, Poston J, Levine 

S. Improving medical and pharmacy student 

confidence in medication management and attitudes 

about interprofessional collaboration by utilizing an 

interprofessional module. J Interprof Care. 2018; 32(6): 790–

3. DOI: https://doi.org/10.1080/13561820.2018.1512957

78. Cooke C, Gormley GJ, Haughey S, Barry J. Tracing the 

prescription journey: a qualitative evaluation of an 

interprofessional simulation-based learning activity. Adv 

Simul (Lond). 2017; 2: 14. DOI: https://doi.org/10.1186/

s41077-017-0047-0

79. Kumar A, Vandana, Aslami AN. Introduction of “case-

based learning” for teaching pharmacology in a rural 

medical college in Bihar. Natl J Physiol Pharm Pharmacol. 

https://doi.org/10.23860/JMLE-2018-10-03-01
https://doi.org/10.1111/tct.12485
https://doi.org/10.1111/tct.12485
https://doi.org/10.1186/s12909-020-02252-9
https://doi.org/10.1080/23752696.2018.1435296
https://doi.org/10.1177/2382120520920640
https://doi.org/10.1177/2382120520920640
https://doi.org/10.4103/2229-516X.186962
https://doi.org/10.4103/2229-516X.186962
https://doi.org/10.5455/njppp.2019.9.0308619032019
https://doi.org/10.5455/njppp.2019.9.0308619032019
https://doi.org/10.1093/ofid/ofx117
https://doi.org/10.3946/kjme.2020.151
https://doi.org/10.3946/kjme.2020.151
https://doi.org/10.5455/njppp.2018.8.0723926072018
https://doi.org/10.5455/njppp.2018.8.0723926072018
https://doi.org/10.5455/njppp.2017.7.0832904092017
https://doi.org/10.5455/njppp.2017.7.0832904092017
https://doi.org/10.4103/picr.PICR_16_19
https://doi.org/10.4103/picr.PICR_16_19
https://doi.org/10.7860/JCDR/2021/48561.14797
https://doi.org/10.7860/JCDR/2021/48561.14797
https://doi.org/10.1080/01421590802108331
https://doi.org/10.1080/01421590802108331
https://doi.org/10.1007/s11096-016-0346-x
https://doi.org/10.1007/s11096-016-0346-x
https://doi.org/10.1080/13561820.2018.1512957
https://doi.org/10.1186/s41077-017-0047-0
https://doi.org/10.1186/s41077-017-0047-0


359Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

2016; 6(5): 427–30. DOI: https://doi.org/10.5455/

njppp.2016.6.0411305052016

80. James H, Tayem YI, Al Khaja KA, Veeramuthu S, Sequeira 

RP. Prescription writing in small groups as a clinical 

pharmacology educational intervention: Perceptions of 

Preclerkship Medical Students. J ClinPharmacol. 2016; 56(8): 

1028–34. DOI: https://doi.org/10.1002/jcph.692

81. Hasamnis AA, Arya A, Patil SS. Case-based Learning: 

our experience in clinical pharmacology teaching. J 

Pharm Bioallied Sci. 2019; 11(2): 187–9. DOI: https://doi.

org/10.4103/JPBS.JPBS_135_18

82. Kinston R, McCarville N, Hassell A. The role of purple pens in 

learning to prescribe. Clin Teach. 2019; 16(6): 598–603. DOI: 

https://doi.org/10.1111/tct.12991

83. Gupta S, Shaw J. Development of medication-related 

counselling skills in senior medical students: a checklist-

based approach. BMC Med Educ. 2019; 19(1): 335. DOI: 

https://doi.org/10.1186/s12909-019-1773-x

84. Jose J, Ali I, Palappallil DS. Project-based learning in 

pharmacology during COVID-19 lockdown for second phase 

medical undergraduates. J Clin Diagn Res. 2021; 15(1): JC06-

JC9. DOI: https://doi.org/10.7860/JCDR/2021/48919.14819

85. Arcoraci V, Squadrito F, Altavilla D, et al. Medical simulation 

in pharmacology learning and retention: a comparison study 

with traditional teaching in undergraduate medical students. 

Pharmacol Resh Perspect. 2019; 7(1): e00449. DOI: https://

doi.org/10.1002/prp2.449

86. Lavanya S, Kalpana L, Veena R, Bharath Kumar V. Role-

play as an educational tool in medication communication 

skills: students› perspectives. Indian J Pharmacol. 2016; 48(7 

Supplement): S33–S6. DOI: https://doi.org/10.4103/0253-

7613.193311

87. Tayem Y, Altabtabaei A, Mohamed M, Arrfedi M, Aljawder 

H, Aldebous F, et al. Competence of medical students 

in communicating drug therapy: value of role-play 

demonstrations. Indian J Pharmacol. 2016; 48(1): 37–41. 

DOI: https://doi.org/10.4103/0253-7613.174517

88. Lee J, Cowan M, Gorman L. A pilot study comparing cued 

versus recognition recall question design on medical student 

utilization, effectiveness, and perceptions of pharmacology 

educational games. Med Sci Educ. 2019; 29(4): 901–4. DOI: 

https://doi.org/10.1007/s40670-019-00775-5

89. Bilge SS, Akyuz B, Agri AE, Ozlem M. Rational drug therapy 

education in clinical phase carried out by task-based 

learning. Indian J Pharmacol. 2017; 49(1): 102–9.

90. Hauser K, Koerfer A, Niehaus M, et al. The prescription talk 

– an approach to teach patient-physician conversation about 

drug prescription to medical students. GMS J Med Educ. 2017; 

34(2): Doc18.

91. Eriksson AL, Wallerstedt SM. Developing confidence in 

basic prescribing skills during medical school: a longitudinal 

questionnaire study investigating the effects of a modified 

clinical pharmacology course. Eur J Clin Pharmacol. 2018; 

74(10): 1343–9. DOI: https://doi.org/10.1007/s00228-018-

2508-3

92. Jain A, Sharma R, Singh H, Bala R. Perception of medical 

students and faculty toward concept mapping as a teaching-

learning method in pharmacology. Natl J Physiol Pharm 

Pharmacol. 2020; 10(4): 313–8. DOI: https://doi.org/10.5455/

njppp.2020.10.02046202018022020

93. McHugh D, Yanik AJ, Mancini MR. An innovative 

pharmacology curriculum for medical students: promoting 

higher order cognition, learner-centered coaching, and 

constructive feedback through a social pedagogy framework. 

BMC Med Educ. 2021; 21(1): 90. DOI: https://doi.org/10.1186/

s12909-021-02516-y

94. Loya AM, Strate A, Molokwu JC, Martin C, Strate J, Terrazas 

WC. Improving medical students learning through an 

interprofessional pharmacotherapy selective. Med Sci Educ. 

2021; 31(3): 1073–81. DOI: https://doi.org/10.1007/s40670-

021-01276-0

95. Kalra J, Singh S, Badyal D, Barua P, Sharma T, Dhasmana 

D, et al. Poetry in teaching pharmacology: exploring the 

possibilities. Indian J Pharmacol. 2016; 48(7): S61–S4. DOI: 

https://doi.org/10.4103/0253-7613.193325

96. Decloedt EH, van Schalkwyk S. Students shooting videos 

to learn pharmacology. Clin Teach. 2019; 16(5): 490–6. DOI: 

https://doi.org/10.1111/tct.12963

97. Purohit B, Joshi A, Barvaliya M, Anovadiya A. Introduction 

and evaluation of a creative pedagogical tool in 

pharmacology: autobiography of drugs. Natl J Physiol 

Pharm Pharmacol. 2020; 10(10): 838–44. DOI: https://doi.

org/10.5455/njppp.2020.10.051302302020062020

98. Hogerzeil HV, Barnes KI, Henning RH, et al. Teacher›s guide 

to good prescribing [Internet]. Geneva: WHO; 2001 [cited 

2023 Feb 22]. 98p. Available from: https://apps.who.int/iris/

bitstream/handle/10665/67010/WHO_EDM_PAR_2001.2.pdf.

99. Linton KD, Murdoch-Eaton D. Twelve tips for facilitating 

medical students prescribing learning on clinical placement. 

Medl Teach. 2020; 42(10): 1134–9. DOI: https://doi.org/10.10

80/0142159X.2020.1726309

100. Bakkum MJ, Tichelaar J, Wellink A, Richir MC, van Agtmael 

MA. Digital learning to improve safe and effective prescribing: 

a systematic review. Clin Pharmacol Ther. 2019; 106(6): 

1236–45. DOI: https://doi.org/10.1002/cpt.1549

101. Harrison C, Hilmer S. The prescribing skills assessment: 

a step towards safer prescribing. Aust Prescr. 2019; 

42(5): 148–50. DOI: https://doi.org/10.18773/

austprescr.2019.050

102. Alliger GM, Tannenbaum SI, Bennett W, Jr, Traver H, 

Shotland A. A meta-analysis of the relations among training 

criteria. Pers Psychol. 1997; 50(2): 341–58. DOI: https://doi.

org/10.1111/j.1744-6570.1997.tb00911.x

103. Yardley S, Dornan T. Kirkpatrick’s levels and education 

‘evidence’. Med Educ. 2012; 46(1): 97–106. DOI: https://doi.

org/10.1111/j.1365-2923.2011.04076.x

https://doi.org/10.5455/njppp.2016.6.0411305052016
https://doi.org/10.5455/njppp.2016.6.0411305052016
https://doi.org/10.1002/jcph.692
https://doi.org/10.4103/JPBS.JPBS_135_18
https://doi.org/10.4103/JPBS.JPBS_135_18
https://doi.org/10.1111/tct.12991
https://doi.org/10.1186/s12909-019-1773-x
https://doi.org/10.7860/JCDR/2021/48919.14819
https://doi.org/10.1002/prp2.449
https://doi.org/10.1002/prp2.449
https://doi.org/10.4103/0253-7613.193311
https://doi.org/10.4103/0253-7613.193311
https://doi.org/10.4103/0253-7613.174517
https://doi.org/10.1007/s40670-019-00775-5
https://doi.org/10.1007/s00228-018-2508-3
https://doi.org/10.1007/s00228-018-2508-3
https://doi.org/10.5455/njppp.2020.10.02046202018022020
https://doi.org/10.5455/njppp.2020.10.02046202018022020
https://doi.org/10.1186/s12909-021-02516-y
https://doi.org/10.1186/s12909-021-02516-y
https://doi.org/10.1007/s40670-021-01276-0
https://doi.org/10.1007/s40670-021-01276-0
https://doi.org/10.4103/0253-7613.193325
https://doi.org/10.1111/tct.12963
https://doi.org/10.5455/njppp.2020.10.051302302020062020
https://doi.org/10.5455/njppp.2020.10.051302302020062020
https://apps.who.int/iris/bitstream/handle/10665/67010/WHO_EDM_PAR_2001.2.pdf
https://apps.who.int/iris/bitstream/handle/10665/67010/WHO_EDM_PAR_2001.2.pdf
https://doi.org/10.1080/0142159X.2020.1726309
https://doi.org/10.1080/0142159X.2020.1726309
https://doi.org/10.1002/cpt.1549
https://doi.org/10.18773/austprescr.2019.050
https://doi.org/10.18773/austprescr.2019.050
https://doi.org/10.1111/j.1744-6570.1997.tb00911.x
https://doi.org/10.1111/j.1744-6570.1997.tb00911.x
https://doi.org/10.1111/j.1365-2923.2011.04076.x
https://doi.org/10.1111/j.1365-2923.2011.04076.x


360Shi et al. Perspectives on Medical Education DOI: 10.5334/pme.1006

TO CITE THIS ARTICLE:
Shi W, Qin H, Vaughan B, Ng L. Educational Interventions for Medical Students to Improve Pharmacological Knowledge and Prescribing 
Skills: A Scoping Review. Perspectives on Medical Education. 2023; 12(1): 348–360. DOI: https://doi.org/10.5334/pme.1006

Submitted: 09 April 2023     Accepted: 24 June 2023     Published: 30 August 2023

COPYRIGHT:
© 2023 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. See http://creativecommons.org/licenses/by/4.0/.

Perspectives on Medical Education is a peer-reviewed open access journal published by Ubiquity Press.

https://doi.org/10.5334/pme.1006
http://creativecommons.org/licenses/by/4.0/

