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Abstract
Aim This study aimed to reveal the current status of the literature on rational prescribing training in undergraduate medical 
education.
Methods This study followed the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. 
An online search using 50 keywords in four databases was performed to access the studies published between 2008 and 2020. 
Specific features of the training such as aims or objectives of teaching, methods or model, and evaluation of effectiveness 
were extracted. Kirkpatrick levels were used to evaluate the effectiveness of teaching.
Results Of 74 studies included in the full review, 16 (21.6%) of them reported the use of WHO 6-Step Model for Rational 
Prescribing in their educational interventions. In terms of effectiveness, only two of the studies investigated changes in learner 
behavior in the context for which they are being trained, and only one study showed the effect of training on patient outcomes.
Conclusion The evidence on the effectiveness of rational prescribing training has been presented mostly by using student 
satisfaction surveys and test of knowledge and skills. A higher level of evidence such as patient outcomes of the training 
needs to be reported.
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Introduction

Rational prescribing is one of the important skills that phy-
sicians use throughout their professional life. Although the 
number is expected to change from a country to another 
country, a nationwide study conducted in Turkey showed 
that a family physician writes 47 prescriptions per day on 

average [1]. Considering its importance along with the high 
frequency, it is evident that lacking this skill could cause 
severe consequences frequently. More specifically, a recent 
systematic review on prescribing errors revealed that the 
median rate of medication errors following discharge is 53% 
[2]. A more recent systematic review showed that the per-
centage of preventable adverse drug reactions in primary 
care settings is between 12 and 37% [3]. These preventable 
errors and reactions cause a great burden of morbidity and 
mortality both in hospital settings [4] and primary care set-
tings [3].

The problem does not exist only for experienced physi-
cians, but also newly graduated doctors suffer from it [5]. 
Moreover, a recent multinational study showed that there is 
a “lack of essential prescribing competencies among final-
year students in Europe” [6]. These facts direct us to focus 
on the effectiveness of rational prescribing training in under-
graduate medical education.

The last comprehensive systematic review studies on the 
effectiveness of rational prescribing training were published 
in 2009 by screening the studies published up to 2008 [7, 
8]. One of these reviews showed that most of the studies 
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have been conducted with “small numbers of participants in 
single centres” [8]. Therefore, they concluded that there is 
a need “to produce high-quality educational interventions” 
and “to systematically test why interventions do or do not 
work” in terms of rational prescribing [7, 8]. After these 
studies, several systematic reviews were carried out with 
limited scope or were not focusing on undergraduate medi-
cal education. In these systematic review studies, geriatric 
pharmacology education [9], new prescribers’ behavioral 
changes after educational interventions [10], educational 
interventions to improve prescribing competency in medi-
cal and non-medical prescribers [11], simulation methods to 
teach pharmacotherapy in health professions education [12], 
educational interventions targeting rational prescribing of 
opioids [13], digital learning for rational prescribing [14], 
and human‐simulation‐based learning for prescribing [15] 
have been studied.

We can conclude that a systematic review focused on 
investigating the effectiveness of rational prescribing train-
ing in undergraduate medical education is needed. Following 
the last comprehensive review [8], we aimed to reveal the 
current status of the literature including the studies from 
2008 to 2020 on rational prescribing training in undergradu-
ate medical education.

The research questions of this study are as follows:

1. Which educational years have rational prescribing train-
ing been implemented?

2. What are the methods/models used to teach rational pre-
scribing?

3. How effective is rational prescribing training?

Methods

Our study is a systematic review that follows the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guidelines [16]. Figure 1 summarizes the screen-
ing process.

Search strategy

We conducted an online search using 50 keywords with 
“[AND]” or “[OR]” operators (see the Appendix, Table 1). 
The search terms were extracted from the relevant literature. 
The period that we included to search was 2008–2020 (both 
years included) since the last systematic reviews on teaching 
rational prescribing were published in 2009 [7, 8]. Search 
was carried out between March 18, 2021, and July 27, 2021, 
by one reviewer.

We searched the keywords through four databases: Pub-
Med, Scopus, Web of Science, and Education Resources 
Information Center (ERIC). All records were downloaded 

and imported into a reference management tool (Endnote 
X9.2) to make the screening process easier.

Inclusion and exclusion criteria

Inclusion criteria was defined as a PICO [17].

Population: undergraduate medical students
Intervention: rational prescribing training
Comparison: none
Outcome: the effectiveness in terms of Kirkpatrick levels [18]

Studies that reported any kind of rational prescribing 
teaching activity in an undergraduate medical education 
setting were included. The settings that include other health 
professions students along with undergraduate medical stu-
dents were also included if the focus of the study is to teach 
rational prescribing. These studies were excluded:

• Studies that were not published in English
• Studies that did not include a research report such as cor-

respondence and commentary
• Studies that reported a rational prescribing teaching 

activity in a postgraduate or continuous medical educa-
tion setting, or the other health professions education set-
tings without the participation of undergraduate medical 
students

• Studies that focused on improving interprofessional edu-
cation rather than teaching rational prescribing

• Studies that focused only on “basic” pharmacology 
teaching (the studies only from the perspective of “basic 
sciences” without vertical integration [19])

Screening of the studies

The titles that were imported into the reference manage-
ment tool were independently screened by two reviewers. 
The titles that create uncertainty by means of relevance 
were included to be screened during the abstract screen-
ing. The same process was carried out for the abstract 
screening, and the disagreements were solved by discuss-
ing together with a third reviewer during the full-text 
screening.

Extraction of the data

A data extraction form that consists of a table with 11 col-
umns was developed. The columns were titled as follows: 
authors and year, country, undergraduate year, number of 
participants, type of course, course manager, aims or objec-
tives of teaching, methods or model, evaluation of effective-
ness, result, and the highest level of Kirkpatrick levels. To 
fill in these columns with the relevant data extracted from 
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Fig. 1  PRISMA diagram
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the studies, each study has been assigned to two reviewers. 
Subsequently, the reviewers gathered to discuss and reach a 
consensus to be consistent. The disagreements lasted after 
this discussion were solved by two lead reviewers (IİB and 
ÖC) by reaching an agreement.

Assessment of the results

To assess the effectiveness of the interventions, Kirkpatrick 
evaluation levels [18] have been used. Two reviewers evalu-
ated each study using Kirkpatrick levels by discussing and 
reaching a consensus.

Results

Descriptive statistics

Out of 74 studies included for full review, the distribution of 
the studies in terms of publication years is presented in the 
graphic in the Appendix (see the Appendix, Fig. 1).

The studies were carried out in 18 different countries. 
The UK had the most of the studies with 19 (25.6%) studies 
among these countries. The USA followed the UK with 10 
(13.5%) studies. India had 9 (12.1%), the Netherlands had 
6 (8.1%), Germany had 5 (6.7%), and Turkey had 4 (5.4%) 
studies. Apart from those, there were two (2.7%) multina-
tional studies that have been conducted in more than one 
country [20, 21]. The number of studies that include com-
pulsory teaching was 31 (41.9%), voluntary was 41 (55.4%), 
and two (2.7%) were unspecified.

Out of 74 studies, 70 of them reported participant num-
bers. The mean value of participant numbers in these 70 
studies was 214 ± 308 (max, 1727; min, 1). Leading two 
studies with maximum participants had 1727 [22] and 1652 
[23]. The first one reported usage of online self-assessment 
tool for drug dose calculations to teach rational prescrib-
ing in order to reduce serious medical incidents [22]. The 
second one reported long-term effect of a training based 
on WHO 6-Step Model for Rational Prescribing in medical 
curriculum [23]. The study conducted with the least number 

of participants had only one participant [24]. In this study, 
a medical student described the personal experiences in the 
use of a workplace training system for rational pharmaco-
therapy called “Check and Correct” [24].

Which educational years have rational prescribing 
training been implemented?

Table 1 shows the distribution of the undergraduate medical 
student participants in terms of years. Since some studies 
had participants from more than one undergraduate year, the 
total number is higher than 74. The least number of studies 
were conducted with first-year medical students compared to 
other 5 years of undergraduate medical education. However, 
it is worth to note that undergraduate medical education lasts 
various number of years in different countries.

What are the methods/models used to teach rational 
prescribing?

Out of reviewed 74 studies, 16 (21.6%) of them reported 
that they used or partially adopted WHO 6-Step Model for 
Rational Prescribing in their educational interventions [20, 
23, 25–38]. In 15 studies, teaching method was described 
as case-based (case based; learning, discussion, online sim-
ulation, assignments). However, most of the studies have 
utilized cases even if they did not describe the method as 
case-based.

Two studies used games, a board game [39] and a seri-
ous game [40], to teach infection related pharmacotherapy. 
Four studies used formative assessment to support learning 
rational prescribing [21, 22, 41–43]. Pharmacist-led teaching 
for prescribing was presented in five studies [44–48]. Team-
based learning has been utilized in three studies [49–51] 
and task-based learning in one study [52]. Peer or near-peer 
education was another method that has been used in other 
three studies [43, 53–55]. Some specific tools also have been 
used such as “The Systematic Tool to Reduce Inappropri-
ate Prescribing (STRIP)” [56], “Check and Correct” [24], 
and “Patient Education Checklist” [57]. Apart from all these 
methods, there were some more common methods that have 
been used: lecture, seminar, small-group discussion, patient 
encounter, clinical rotation, clerkship, workshop, e-learning, 
and virtual patients.

How effective is rational prescribing training?

In the studies, the effectiveness of training has been assessed 
using various tools and methods: survey, focus-group inter-
view, written assessment, objective structured clinical 
examination (OSCE) [25, 32, 37, 38, 53, 58, 59], objec-
tive structured performance evaluation (OSPE) [41, 60–62], 
direct observation of procedural skills (DOPS) [48], mini 

Table 1  Distribution of 
the studies in terms of 
undergraduate years

Year Number of 
studies

1 5
2 17
3 16
4 22
5 22
6 14
Unspecified 6
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clinical evaluation exercise (mini-CEX) [58], and assess-
ment by patients [28].

In Table 2, we reported the highest level that educational 
interventions reached. Of 56 studies in level Kirkpatrick 
level two, 29 assessed only knowledge, 21 assessed only 
skills, and six assessed both knowledge and skills (see the 
Appendix, Table 2). There was a substantial and statisti-
cally significant agreement between the raters (Cohen kappa 
value: 0.749, p < 0.001).

In the study that reaches Kirkpatrick’s fourth level by show-
ing an improved patient outcome [63], students participated 
in a medication safety curriculum that comprised of a work-
shop, case-based assignments, and patient encounters. Three to 
6 months after the student-led medication encounters, patients 
felt more knowledgeable and reported that “students helped 
them overcome barriers to medication adherence (e.g. cost, 
transportation, side effects)” [63].

Two studies [28, 34] that reached Kirkpatrick’s third level 
by reporting changes in learner behavior in daily clinical 
context have utilized WHO 6-Step Model for Rational Pre-
scribing. On the effectiveness of the training, one of them 
stated that students provided satisfying care in a student-run 
clinic [28]. The other one conducted a semi-structured inter-
view with former students who had participated in the train-
ing [34]. The finding of the study was that these students 
have an awareness about rational use of medicine but they 
do not use the knowledge in daily clinical practice.

Discussion

The findings showed that the prominent model to teach 
rational prescribing is, as it was in 2009 [8], WHO 6-Step 
Model for Rational Prescribing since it has been utilized 
in 21.6% of the studies. Apart from that, various teaching 
methods have also been used in other studies.

The studies generally showed positive outcomes in 
terms of student satisfaction and test of knowledge and 
skills (Kirkpatrick’s first and second levels). However, the 
effectiveness of rational prescribing training still needs a 
higher level of evidence such as behavior change in a real 
context (third level) and increased patient outcomes (fourth 
level). Out of 74 studies, only one study has shown increased 

patient outcomes [63], and only two studies investigated 
evidence from the context for which the students are being 
trained [28, 34]. The findings of our study are aligned with 
the previous two reviews published in 2009 that point out 
a need for robust evaluations regarding the effectiveness of 
educational interventions to teach rational prescribing [7, 8].

Rational prescribing training has been carried out in vari-
ous undergraduate years, but it was held least in the first year 
of undergraduate medical education, and more often in the 
clinical years. Considering the importance of early clinical 
experience in cultivating skills [64], an inclination for rational 
prescribing training to be carried out starting from the first 
year would be helpful. In this kind of attempt, it is crucial to 
keep in mind that the content of training should be adjusted 
and simplified according to the levels of first-year students if 
we do not want to lead to a cognitive overload [65].

Regarding countries, the literature mentioned that the 
Netherlands has a pioneering role due to the high use of the 
WHO 6-Step Model for Rational Prescribing [66]. Along 
with that, our findings showed that researchers from the 
UK have also significant contribution to the rational pre-
scribing training literature with 19 studies. Even if quan-
titative results showed these countries have a prominent 
role, reaching the higher levels of evaluation in terms of 
Kirkpatrick levels is more valuable. From this perspective, 
the two studies that reached the third level were from the 
Netherlands [28] and Brazil [34], and the one that reached 
the fourth level was from the USA [63]. In 2009, there were 
seven different countries that implemented rational prescrib-
ing training, while our study showed 18 different countries 
(when multinational studies were not included). Even if the 
previous study had a narrower scope than ours, this still is a 
hopeful sign that rational prescribing training spreads to dif-
ferent contexts, which is an important step for improvement.

Medical curricula and pathways vary in different coun-
tries according to specific conditions of each country [67], 
and as a result, it is reasonable to expect that the approaches 
utilized to teach rational prescribing also differ. For exam-
ple, in the UK, Prescribing Safety Assessment (PSA) is used 
to ensure that newly graduates are prepared to prescribe [68]. 
The use of the PSA has influenced the way in which rational 
prescribing is taught, as demonstrated by research on the 
effectiveness of teaching approaches specifically designed 

Table 2  The highest level 
that educational interventions 
reached

Kirkpatrick level Number of 
studies

1. Learner satisfaction or reaction to training 15
2. Measures of learning attributed to training (test of knowledge and/or skills) 56
3. Changes in learner behavior in the context for which they are being trained 2
4. The training’s final results in its larger context (e.g., patient outcomes, cost savings) 1
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to prepare students for the PSA [50, 69]. Although it is dif-
ficult to classify a country as a whole, in some countries, the 
teaching of rational prescribing may be more focused on the 
use of evidence-based guidelines, while in other countries, 
the emphasis may be more on developing the ability to con-
sider a range of factors when making prescribing decisions. 
Regardless of the specific focus of the medical curriculum in 
a country, it is important for medical students to understand 
the principles of rational prescribing.

As a well-established method with more than 25 years 
of implementation in various settings, WHO 6-Step Model 
for Rational Prescribing would be considered as the safest 
option among others to teach rational prescribing. Since 
the guide for the utilization of this model has currently 24 
translations or local editions [66], it can be used in different 
countries speaking different languages. More recently, the 
attempts to update the guide have started by evaluating its 
use and impact and considering the demands [66].

This review offers three specific benefits. The first 
benefit is that it offers a foundation for future research by 
revealing the current situation regarding rational prescribing 
training. The second benefit would be for medical educators 
who would like to embark on developing rational prescribing 
training in the undergraduate years. The table in the Appen-
dix could be a rich source for them to explore previous train-
ing experiences. By taking a look at it, they may decide to 
review some studies further to utilize some methods in their 
local context. The third benefit would be for the researchers 
who deliver rational prescribing training in their institutions. 
Our study could raise awareness to evaluate the effectiveness 
of their training by using some methods that are aimed to 
show the effect on patient outcomes.

This study has some limitations. The first limitation is 
that even if it is a strength to focus on undergraduate medical 
education, it limits the generalizability of this study in the 
meantime. It is also possible that some studies relevant to 
the topic would not be identified. Another limitation is that, 
since the reviewed studies do not always clearly report the 
methods that they have used, the data about the methods/
models may have some problems. It heavily depended on 
their own description and understanding that may not com-
pletely reflect what they have actually done.

Conclusion

In this study, we reviewed the published literature on 
rational prescribing training in undergraduate settings. 
We found that WHO 6-Step Model for Rational Prescrib-
ing is the most prominent and well-established method to 
teach rational prescribing. Apart from that, many different 
teaching methods have been utilized. However, the evi-
dence for the effectiveness has been presented mostly by 

using student satisfaction surveys and test of knowledge 
and skills. There are a limited number of studies that report 
a higher level of evidence such as patient outcomes of the 
training. Rational prescribing training needs more robust 
evidence on its effectiveness.
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