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ABSTRACT

Research suggests that medical students are not confident and may be ill-prepared to prescribe
competently. Therefore, changes to standard education may be required to fortify medical student
prescribing skills, confidence, and competence. However, specific education to write a safe and legal
prescription is generally lacking. Furthermore, the term prescribe and the skill thereof is not clearly
defined. This review compares additional education for medical students to no identified additional
education or another educational modality on the skill of prescription writing. Secondary aims
include review of education modalities, prescribing skill assessments, educator professional back-
ground, and timing of education within the medical curriculum. This systematic review was
conducted and reported using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses. Databases searched included: CINAHL, Cochrane Library, EMBASE, Emcare (Ovid),
MEDLINE (Ovid), PubMed and Scopus. Search terms included: medical education, medical under-
graduate, medical student, medical school, and prescriptions. The search was conducted in
February 2023, and quantitative outcomes were reported. Of the 5197 citations identified, 12 met
the inclusion criteria. Eleven studies reported significant improvements in prescribing skills of
medical students after additional educational intervention(s). Various educational modalities were
implemented, including case-based teaching (n=3), patient-based teaching (n=1), tutorial-based
teaching (n=2), didactic teaching (n=1), and mixed methods (n=6). There were no commonalities in
the professional background of the educator; however, five studies used faculty members. There
was no consensus on the best assessment type and time to implement prescription writing
education during medical training. There are a range of interventions to educate and assess
prescribing competencies of medical students. Despite heterogenous study designs, there is
evidence of the superiority of additional prescription writing education versus no identified addi-
tional education to develop prescription writing skills. The introduction of formal teaching and
standardised assessment of prescribing skills for medical students is recommended.
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Introduction [1], such as incomplete prescriptions leading to med-

The Australian National Safety and Quality Health  ication misadventure. Inadequate training may lead

Service — Standard Four (medication safety) describes
the medication management pathway as prescribing, dis-
pensing, administering, and monitoring the use of med-
icines [1]. This pathway defines prescribing as the
combination of clinical decision-making, supply, and
monitoring of medications to treat. Past research has
focussed on clinical decision-making when investigating
prescribing in the medication management pathway.
However, there remains a need for education on the
legal and safety requirements of prescribing.
Medications are the most common health inter-
vention worldwide, making prescribing a necessary
skill for all medical doctors [1-3]. Writing the pre-
scription is one point of the medication management
pathway where errors may give rise to complications

to prescribing errors, causing wrong information to
be provided to patients [4]. Poor prescribing skills
may result in suboptimal or unsafe treatment, pro-
longation of treatment and/or recovery and possible
increased cost to the health system [5,6]. Between 2%
— 3% of Australian hospital admissions are medica-
tion related [7] and globally cost an estimated
$US42 billion per annum [8]. The United Kingdom
(UK) General Medical Council found junior doctors,
who have the least experience, write the highest pro-
portion of prescriptions in hospital settings [4],
accounting for 8.9% of prescribing errors [4]. One
approach to overcoming medication-related errors is
to focus on prescribing. Despite medical students
assumably receiving prescribing education, errors
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are still evident as junior doctors [5]. Therefore, this
review will focus on one concept of prescribing — the
skill to write a medication prescription that complies
with all legal and safety requirements distinct from
the clinical decision-making process.

Prescribing for this review is defined as writing
a legal and safe prescription including all drug-,
patient-, and prescriber-related components adher-
ing to local guidelines for a pharmacist to dispense
the medication(s) legally. A prescription must be
legible to convey a safe and clear order for the
patient and other health professionals. This review
is predicated on the argument that the skill of pre-
scription writing, as defined here, is not taught as
a separate component. Rather, the skill to prescribe
is assumably taught together with clinical decision-
making. However, the distinction should be made
between the two components of prescribing educa-
tion to ensure compliance with local laws and safe
medication management. Teaching technical pre-
scribing skills to medical students would improve
the legal, safety and accuracy aspects of prescriptions
written by junior prescribers.

Medications must be prescribed effectively, appro-
priately, and economically by all newly registered
doctors as stipulated by the UK General Medical
Council ‘Outcomes for Graduates 2018 [9]. Junior
doctors have acknowledged they do not always have
the necessary skills to write a prescription and often
feel underprepared on their first day of practice [10-
14]. International and national standards regarding
prescribing education to medical students are vague
and unclear [5], contributing to this reported relative
under-preparedness of junior doctors. International
and Australian state/territory variations in the legal
requirements of prescriptions hinders the ability to
target specific education on the legal skill of
prescribing.

Over 25 years ago, the World Health Organisation
(WHO) published the Guide to Good Prescribing
(GGP), which is widely used in medical education
[5]. Since then, further studies have been conducted
to inform developments of this guide [15-17]. Yet
prescribing education and assessment has not transi-
tioned to a compulsory component of the medical
curriculum in many countries. Whilst the GGP offers
a well-known 6-step process to prescribing, there still
needs to be more emphasis placed on educating stu-
dents and standardised teaching and assessable
requirements in medical schools. Subsequently, the
GGP is a guide offered to medical schools and not
a compulsory component that must be used to teach
and learn the skill of prescribing as part of the
curriculum.

The UK Medical Schools Council Assessment
and the British Pharmacological Society developed
the Prescribing Safety Assessment (PSA) in 2016.

The PSA was developed to teach and assess medical
student pharmacological therapies to reduce the
contribution of knowledge deficits relating to pre-
scribing errors before graduation [18]. The
Prescribing Skills Assessment was established in
2017 as the international version, assessing clinical
pharmacology, therapeutics and prescribing. Both
tools have an educational focus on the clinical and
some safety aspects to prescribing, neglecting the
addition of the legal components to safe prescrib-
ing, which may be generalisable. The Prescribing
Skills Assessment remains non-mandatory in most
medical schools and registering bodies.

Previous reviews have examined medical students’
and clinicians’ inability to prescribe competently,
stating they are neither prepared nor confident [19-
23]. In 2018, a systematic review of observational
studies to determine if final-year medical students
have sufficient prescribing competencies [21]
reported primarily on studies that focused on thera-
peutic choices rather than prescribing competency.
They concluded that students have insufficient pre-
scribing competencies, recommending changes to
clinical pharmacology and therapeutics (clinical) edu-
cation [21]. The Brinkman et al. review assessed pre-
scribing competencies observationally and did not
analyse interventional studies that impact the skills
required to write a legal and safe prescription [21].
Competence encompasses the knowledge, behaviours,
attitudes, and skills to write a prescription. Past
reviews did not explore the learnt and applied tech-
nical skill of prescription writing. Some of these
papers reviewed the type of educational interventions
to improve prescribing skills or competencies.
A review in 2009 of educational interventions to
improve medical student prescribing [23] found little
evidence to support standardised teaching or long-
itudinal knowledge retention, with most studies con-
ducted on small cohorts [23]. Kamarudin et al.
reviewed the type of educational interventions that
improve prescribing competencies in 2013 [20]. This
review found the range of heterogeneous study
designs and outcome measures limited the validity
and ability to generalise conclusions [20]. Omer
et al. performed a rapid review in 2020 [19] but the
skill of prescribing was not well defined. Omer et al.
concluded there was a lack of innovative educational
interventions. These previous reviews fail to draw
conclusions on the type of educational interventions
that improve medical students’ ability to write
a legally compliant and safe prescription, distinct
from clinical pharmacology and therapeutic decision-
making. Given the shortcomings of previous reviews,
a targeted review of educational interventions for
medical students to improve prescribing as a skill is
required.



This systematic literature review will compare
additional prescription writing education versus no
identified additional education or another educa-
tional modality to improve prescribing skills of med-
ical students. Secondary aims will review the mode of
education delivery, how medical students’ prescribing
skills are assessed, the professional background of the
educator, and the most appropriate time to imple-
ment education.

Methods
Search strategy

Our research question was built on the PICO model;
medical students (population) undertaking any edu-
cational intervention (intervention), compared to no
identified additional education or another educa-
tional modality (control), to determine if prescribing
skills improve (outcome). This systematic review was
conducted and reported wusing the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (see Figure 1).

Two authors (SM and SP) agreed on the search
terms, where SM performed the initial search in each
data base. Search terms included variations of medical
education OR, medical undergraduate OR, medical
student OR, medical school, AND prescriptions (see
appendix 1). A synonym search strategy allowed
cross-referencing with various subject headings and
key words in the different search engines to ensure
sensitivity and specificity in accessing relevant stu-
dies. Pilot searches assisted in refining the search
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strategy. The online databases searched in
February 2023 were CINAHL, Cochrane Library,
EMBASE, Emcare (Ovid), MEDLINE (Ovid),
PubMed and Scopus. Additional backward and for-
ward citation searching was conducted. No limits
were placed on the year of publication or language.
SM and SP independently reviewed titles/abstracts
and full-text studies, and consensus was reached on
the final studies for review based on the inclusion and
exclusion criteria.

Inclusion and exclusion criteria

The population of the studies reviewed included
medical students. Students could be in any year
level of medical school. Studies with interns, doctors
or non-medical prescribers as the sole participants
were excluded. The study population must have par-
taken in an educational intervention, but not limited
to one type of education modality. The outcome
measure was any assessment criteria reviewing
a written prescription or medication order and pre-
scribing skills, as a score and/or errors. Prescribing
skills were defined as writing all patient-, prescriber-
and medication-related components with the added
safety check (as noted in step four of the GGP [5].
The study must have included (in part) quantitative
data on at least one of the outcome measures. Studies
assessing students’ clinical knowledge or reasoning,
rationalisation of medications, clinical decision-
making, and confidence to prescribe without analys-
ing the skill of prescribing were excluded. Studies not
including original research (e.g., letters, opinion

Identification of lies via datak and registt Identification of studies via other methods
o
Records identified from:
S Cinahl (n = 361)
= Cochrane (n =74)
o Embase (n = 1721) .| Duplicate records removed (n = Records identified from:
= Emcare (Ovid) (n = 1963) "| 1568) Citation searching (n = 9)
5 Medline (Ovid) (n = 318)
2 Pubmed (n = 864)
Scopus (n = 1455)
! !
Total records for title and Records excluded after title and . Reports excluded after abstract
abstract review | abstract review ;I;]ot:ulg;epons for abstract review review
(n=5188) (n=5170) (n=3)
Total full text review Reports assessed for eligibility
2 (n=24) (n=6)
S Reports excluded:
g Did not meet PICO criteria (n
& =
v
Total reports critically assessed Reports excluded:
by JBI appraisal tool — Did not meet JBI criteria (n =
(n=15) 3)
)
—
o Lo . "
g Studies included in systematic
3 review
2 (n=12)
J
Figure 1. PRISMA flow diagram showing the search process [24].
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pieces, reviews) were excluded. The Joanna Briggs
Institute  (JBI)  critical appraisal tools for
Randomised Control Trials (RCT) and Quasi-
Experimental studies (QES) were used in the inclu-
sion and exclusion process to assess quality (see
Quality Assessment below).

Data extraction and quality assessment

SM and SP retrieved and assessed eligible studies
using the appropriate JBI tool. Differences in quality
appraisal were discussed, and agreement was reached
by the same two reviewers. Included studies were
those that met the appropriate JBI critical appraisal
score. Data from the final studies were extracted and
presented by SM and reviewed by all authors.

This review investigated if additional educational
interventions improve prescribing skills of medical
students. Supplementary outcomes included the
effectiveness of the education intervention, modality
of intervention and assessment of effect, profession of
the educator, and timing of the intervention in rela-
tion to the medical school year. These outcomes
formed the basis of thematic analysis of the results
presented.

Results
Search results and study designs

Figure 1 illustrates the results of our search strategy.
An initial search after duplicate removal identified
5188 studies across seven databases, with an addi-
tional nine studies sourced through citation search-
ing. After title and abstract screening, 24 studies met
the inclusion criteria for full review. Nine studies
were excluded as they did not meet the PICO criteria:
four did not implement an educational intervention,
one reviewed their current curriculum, and four pre-
sented no data on prescribing as a skill or other
assessable factors (e.g., presented data on confidence
or clinical knowledge). Three of the 15 studies
reviewed using the appropriate JBI appraisal tool
were excluded for not meeting the quality score as
they presented unclear results. Twelve studies were
included for final data extraction. Of the 12 studies,
three were RCT's and nine were QES, summarised in
Tables 1 and 2.

Study quality

The Joanna Briggs Institute (JBI) RCT and QES cri-
tical appraisal tools were used to assess the quality of
each study. RCT studies (Table 1) and QES (Table 2)
could receive a total score of 13 or 9, respectively. In
line with the JBI critical appraisal tools, only high-
quality studies were included if they received

a minimum score of 6 for RCTs and 4 for QES and
met the inclusion criteria. Three RCT studies and
nine QES designs met this quality criteria. The aver-
age quality score for all studies (RCT and QES) was
seven. Raghu et al. [31] stated that their study design
was a cross-sectional study. On further review by SM,
SP and TP, it was noted to be a pre-post study and
included as a QES and assessed as per the appropriate
JBI tool.

Effectiveness of prescription writing education on
prescribing skills of medical students compared
to no additional or another education

Most of the included studies showed positive results
for improved prescribing skills of medical student’s
post-educational interventions. 11 studies reported
statistically significant improvements in prescription
writing outcomes of the intervention group or from
pre to post-test [3,6,10,12,25,26,29-33].

Modality of educational intervention

The modalities of the education interventions were
case-based, patient-based, tutorial-based, didactic,
and mixed education.

Please note: some categories of prescriptions
(inpatient-, outpatient-, discharge-prescription) have
not been identified due to lack of clarity within the
studies.

Case-based teaching

Three studies implemented case-based teaching
(CBT) [3,12,32]. Various research designs and meth-
ods were used to evaluate the outcomes of CBT,
making it difficult to compare the effects.

Nayak et al. [3] used a pre-post-test design to mea-
sure the outcome of education effect using the WHO
GGP via case scenarios. An objective structured prac-
tical examination (OSPE) assessed students writing
a prescription and critically appraising other scripts.

Two studies implemented a post-test design, but
with differences in their technique. Thenrajan and
Murugan [32] assessed prescribing skills using writ-
ten prescriptions, whereas Al Khaja et al. [12]
assessed prescribing skills using an OSPE. Both used
a point scoring system based off Lofholm and
Katzung [27].

Two of these studies showed statistically signifi-
cant improvements in prescribing scores using
CBT [3,12].

Patient-based teaching

Thenrajan and Murugan [32] compared CBT to
patient-based teaching (PBT). Both cohorts received
a teaching intervention without comparison to
a control that is without teaching (post-test
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assessment only). PBT produced statistically signifi-
cant improvements in prescribing skills in nine of the
14-point scoring parameters [27] when compared to
CBT [32].

Tutorial-based teaching (practical teaching)

Two studies implemented tutorial-based teaching
[26,29]. Scobie et al. implemented a post-test rando-
mised control trial to assess the influence of practi-
cal teaching stations on final year medical students
prescribing skills [26]. Two of the five skills in the
nine-station objective structured clinical examina-
tion (OSCE) assessed an inpatient and discharge
prescription (including a controlled drug prescrip-
tion), while the other three skills were clinically
based. Results of inpatient and controlled drug pre-
scriptions showed a significantly better mean pre-
scribing score of the taught group compared to the
control [26]. Coombes et al. assessed students’
Queensland Health (Australia) inpatient prescribing
skills after interactive problem-based tutorials [29].
Coombes et al. found a statistically significant
improvement in the mean prescribing score of the
intervention  group, with significant
errors [29].

fewer

Didactic teaching

One study analysed the effects of didactic teaching
[30]. Garbutt et al. used a verbal order transcription
test before and after interactive education to assess
medical students’ prescribing errors on inpatient
orders. The results indicated a statistically significant
reduction in total prescribing errors per student fol-
lowing didactic teaching [30].

Mixed teaching

Six studies implemented mixed-method teaching
[6,10,25,28,31,33]. Three studies combined clinical
placement with educational interventions [10,25,28].
Sandilands et al. conducted a pre-post-test rando-
mised control trial (RCT) assessing prescribing errors
[10]. The intervention group received practical pre-
scribing tutorials and bedside prescribing teaching,
while the control group did not receive additional
teaching [10]. Similarly, Mokrzecki et al. performed
a pre-post-test RCT assessing prescribing score and
pass versus fail rate. Participants in the intervention
group received a tutorial session with CBL and
hands-on experience. Both groups attended practical
placement on medical wards [25]. Celebi et al. com-
pared number of weeks spent on a general medical
ward in combination with pharmacology training to
determine if students’ inpatient prescribing skills
improved [28]. One study introduced combined
tutorial-based teaching with online learning [33],
then reviewed the long-term effects by assessing doc-
tors’ inpatient orders six months after clinical

placement. In contrast, Akici et al. reviewed simula-
tion, problem-based teaching, role-playing, and
small-group discussions in combination with pre-
scription audits using the Groningen/WHO model
of rational prescribing (case-based learning) [6].

Five of these studies showed positive results in
prescribing post-intervention [6,10,25,31,33]. Post-
test, the intervention group of Sandilands et al.
study showed a statistically significant reduction in
typographical errors and an improved mean pre-
scribing score [10]. Mokrzecki et al. demonstrated
a significant improvement in prescribing score and
number of cases passed by the intervention group
[25]. Participants in the control group prescribing
skills significantly worsened after only receiving tra-
ditional teaching and placement on a medical ward
[25]. Akici et al. assessed the prescription format of
students pre- and post-intervention [6]. One group
was reassessed a year later to measure retention of
knowledge. The results showed significant improve-
ments (P <0.01) in all groups’ scores post interven-
tion. Long-term follow-up prescription format
scores were reduced compared to post-intervention
but higher than the pre-intervention. Thomas et al.
assessed the average total score of inpatient prescrip-
tion orders [33]. There was a significant difference
between the intervention versus the control group,
prior to clinical practice as a doctor [33]. Raghu
et al. assessed all prescriber-, patient- and drug-
related components in prescribing using a scoring
model based on Lofholm and Katzung [27]. After
delivery of seminars, discussions and hands-on
experience in prescribing there were significant
improvements identified in all components of the
three cases [31].

No significant improvements were seen in Celebi
et al. [28] The results from Celebi et al. demon-
strated the effect of learning from colleagues and
the possibility of mimicking their inadequate pre-
scribing skills. Both those who completed zero
weeks and over four weeks of placement on
a medical ward made 71% of possible prescribing
mistakes, while those who completed 1-4 weeks
made 67% [28].

Professional background of educators

The professional background of the educators varied
across the studies.

Pharmacist

Four studies used pharmacists as educators for their
intervention [10,25,26,29]. Two of these studies used
a combination of pharmacist- and doctor-led teach-
ing [10,29], and Coombes et al. also included
a clinical nurse in three of eight education ses-
sions [29].



Faculty members

Five studies in this review used existing faculty mem-
bers as educators [3,6,12,28,32]. Three studies used
educators trained in the WHO GGP methods
[3,6,32]. Four studies used faculty members in the
department of pharmacology to assist in education
(6,12,28,32].

Other

The profession of the educator was not specified in
Thomas et al, simply stating that students were
required to attend 95% of the face-to-face sessions
[33]. Garbutt et al. used the expert knowledge of
a senior clinician and opinion leaders to deliver two
interactive educational meetings [30] but whether
they were guests or faculty members is unclear. It
was not clear in Raghu et al. the professional back-
ground of the educator(s), referencing them as the
facilitators [31].

Timing of intervention

The timing of the educational intervention during
medical training varied across studies. No trends
were identified in the timing of education with sta-
tistical significance of results. Five studies conducted
interventions during the final year [10,25,26,29,33].
One conducted the intervention during all years of
pre-clerkship (prior to the two clinical years) [12].
The three studies published from India were all
implemented into the second year of medical school
[3,31,32]. The remaining three studies conducted the
intervention within the last two years of the medical
course [6,28,30].

Discussion

The prescribing process is multifaceted, whereby
research on clinical decision-making, rational pre-
scribing and prescribing competencies have been
extensively reviewed. In contrast, our review aimed
to identify educational interventions and assessment
tools for the skill of writing a prescription, indepen-
dent of applying clinical knowledge to develop
a treatment plan. Specifically, our review assessed
medical students’ skill in writing a safe and legal
prescription including all patient-, physician- and
drug-related components, distinct from clinical deci-
sion-making aspects.

Twelve studies met the inclusion criteria compar-
ing additional education versus no identified addi-
tional education or other modalities to improve the
prescribing skills of medical students. The results
suggest that education is superior to no additional
education in improving prescribing skills. However,
due to the small number of studies and heterogeneity
of study designs, the optimum modality, educator,
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and timing for the education to improve the prescrib-
ing skills of medical students remains unclear.
Furthermore, there is substantial ambiguity regarding
the definition of ‘prescribing skill’ and the type of
scripts these skills apply (for example, inpatient
orders versus outpatient prescriptions). None of the
published studies assessed prescribing skills as
defined for this review.

Two Australian medical group reports indicated
a lack of prescribing knowledge and skills amongst
Australian graduating medical students [34,35]. One
report stated that students rated prescribing low in
relation to perceived preparedness as a clinical skill
[34]. Those with higher perceived preparedness for
prescription writing rated receiving practical script
writing training as more effective than teaching phar-
macology and therapeutics (reflecting clinical knowl-
edge) [34]. This supports the findings of this review
that targeted education on prescription writing
improves the prescribing skills of medical students.

Improvements in prescribing skills following addi-
tional education were observed regardless of the edu-
cation modality. Amongst the variety of educational
modalities, Thenrajan and Murugan directly com-
pared CBT and PBT (with no control or pre-test)
[32]. The results indicated that PBT was superior to
CBT [32]. Combined education and placement in
a hospital setting was employed in three studies
[10,25,28]. The review by Ross et al. stated the benefit
of having simulated real-life practice involving the
completion of prescriptions by undergraduates [23].
Celebi et al. showed that long practical placement
periods in a hospital setting without additional edu-
cation resulted in a similar number of prescribing
mistakes as students who spent no time on placement
[28]. However, Celebi et al. did not individually assess
each component of the prescription and incorporated
clinical decision making thereby not specifically
assessing the act of prescribing. Mokrzecki et al.
demonstrated that exclusive practical placement
without additional education, resulted in worse pre-
scribing skills post versus pre-placement and com-
pared to the post-intervention group results [25].
Internationally, some medical students have opportu-
nities to learn prescribing through increased place-
ment (or clerkship), simulation-based training, role-
playing sessions, and small working groups [14].
Australian medical interns have expressed that prior
to commencing their internship, it would be benefi-
cial to have had exposure to prescribing [35]. This
review shows studies using a mix of educational
modalities with practical exposure to prescribing.
However, it cannot be concluded which educational
modalities are superior to assist in developing safe
and legal prescribing skills as only one study directly
compared the effects of two different interven-
tions [32].
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The WHO GGP [5] is the most common resource
for prescribing education. However, it fails to stipu-
late the difference between inpatient orders and an
outpatient or discharge prescription resulting in an
ambiguous definition of prescribing as a skill. Few
studies assessed discharge or outpatient prescriptions,
which are equally important but have different cri-
teria to inpatient orders. This oversight of assessment
suggests a gap in the literature for education of pre-
scription types other than inpatient orders. As each
study differed in the type of assessment, there was no
consistency in measurable outcomes to assess stu-
dents’ prescribing skills. Various terms for outcome
measures were used, such as prescribing mistakes,
prescribing errors, or a change in prescribing score,
indicating a need to identify valid and reliable out-
comes for assessing written outpatient or discharge
prescriptions.

The professional background of the educator var-
ied between studies. We identified that existing
faculty members and pharmacists were regarded
highly as educators of prescription writing. It is not
identifiable if the existing faculty members had
a background in pharmacy. Conclusions cannot be
made regarding the professional background of the
educator as this review did not directly compare
educators and the outcome on prescribing skills.

Changing existing prescribing habits once poor
skills are embedded is difficult and may be perpetu-
ated in career-long adoption of inadequate prescrib-
ing practices [5]. Only two studies examined the
longitudinal effects of prescribing education to med-
ical students to assess knowledge retention [6,33].
Tomas et al. found that the average total score of
the intervention group was statistically unchanged
after 6-months of medical practice [33]. In compar-
ison, Akici et al. found that whilst rationality scores
declined significantly a year after clerkship, scores
were still significantly higher than pre-intervention
[6]. These two papers indicate that there is benefit
in providing additional prescription writing educa-
tion to medical students, separate to clinical decision
making, as they do retain this knowledge and skill as
they begin practicing as a doctor.

Knowledge retention as practicing doctors regard-
ing the timing of the intervention within the medical
school curriculum was not assessed and has not been
well established from this systematic review. Not con-
sidering how educational interventions may be
implemented within the wider context of the medical
curriculum may pose as a limitation to this review.
There remains a need to identify when the most
appropriate time is to provide prescribing education
to medical students to aid in knowledge retention of
practicing doctors.

Our results reflect previous systematic reviews that
findings are limited due to heterogeneity of the study

design, interventions, assessment types and outcome
measures [19,20,23]. Despite additional studies since
the Ross et al. review in 2009, there have been no
conclusions on the most effective education modality,
profession of the educator or timing of education.
Therefore, an evidence gap still exists in how, who
and when education should be delivered to improve
the prescribing skills of medical students. Strengths of
this  systematic include the systematic
approach and the same two reviewers for all steps.
However, the conclusions are limited by the exclusion
criteria and the quality of the studies retrieved. Only
quantitative studies were included as we wanted to
review measurable outcomes of prescribing. One dif-
ficulty in reviewing these studies was the prescription
writing assessment criteria. For some studies, it was
the primary outcome measure; in others, it was
a small component amongst other outcomes.
A positive publication bias may exist among the
studies as improvements in prescribing results follow-
ing additional education were described in most stu-
dies. Another limitation lies in reviewing only studies
assessing medical students prescribing, with studies
on junior doctors excluded. Furthermore, many of
the included studies conducted interventions on
small cohorts, making generalisations from the
results difficult. The differences in educational inter-
ventions, educators, methods of assessment and out-
come measures across the studies suggests that future
studies should clarify these points.

This review highlights the lack of formal educa-
tion interventions to medical students on the skill
of writing a discharge or outpatient prescription.
The WHO GGP uses case-based teaching and is
a practical manual, guiding medical students on
rational prescribing [5]. However, there remains
no compulsory standardised teaching and marking
criteria that are validated, reliable and generalisa-
ble. Overall, evidence suggests educational inter-
ventions improve medical students’ prescribing
abilities.

In the authors failure to employ
a mandatory requirement for students to pass
a prescribing skills assessment (separate from clinical
knowledge in prescribing) leaves a gap in medical
students’ learning outcomes prior to gaining registra-
tion to prescribe as a doctor. Future studies should
endeavour to address the following gaps. First,
a comparison of different education modalities to
determine the most effective at improving the skill
of writing a discharge or outpatient prescription
(non-inpatient ordering), separate from teaching the-
oretical and clinical decision-making for prescribing.
Second, an in-depth analysis of prescribing outcomes
based on the professional background of the educa-
tor. Third, students should be assessed on the knowl-
edge and skill of writing a prescription using

review

opinion,



a defined outcome measure with valid and reliable
criteria. Fourth, future research should determine
knowledge retention through longitudinal studies.

Conclusion

This review demonstrated a range of educational inter-
ventions and assessed the effect of additional education
versus another modality or no additional education on
the prescribing skills of medical students. Nevertheless,
gaps remain in the literature. Most studies demon-
strated an improvement in prescribing skills following
educational interventions. However, there are incon-
sistencies in the definition of prescribing skills, teach-
ing modalities, assessment methods and outcome
measures, types of prescriptions analysed, and profes-
sional background of educators. The appropriate time
at which education is implemented has yet to be well
established and needs to be further reviewed with fol-
low-up studies. Failure to provide education on pre-
scribing will continue to avoidably burden the health
system, resulting in excess costs, degraded clinical care
and potential harm to patients.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

The work was supported by the Townsville Hospital and
Health Service Study, Education and Research Trust
Account (SERTA) Research Fellowship. .

ORCID

Sophie M. Mokrzecki
6523

http://orcid.org/0000-0003-3181-

References

[1] Australian Commission on Safety and Quality in
Health Care. National safety and quality Health
Service (NSQHS) standards: medication safety
standard. Australian Commission On Safety And
Quality In Health Care. Updated 2022. [cited April,
2022]. Available from: https://www.safetyandquality.
gov.au/standards/nsghs-standards/medication-safety-
standard

[2] Maxwell S, Walley T. Teaching safe and effective pre-
scribing in UK medical schools: a core curriculum for
tomorrow’s doctors. Br J Clin Pharmacol. 2003;55
(6):496-503. doi: 10.1046/j.1365-2125.2003.01878.x

[3] Nayak V, Adiga S, Shenoy S, et al. Implementation
and assessment of a module to enhance prescribing
competency in undergraduate medical students. Med
] Armed Forces India. 2021;77:5S122-S128. doi: 10.
1016/j.mjafi.2020.12.025

MEDICAL EDUCATION ONLINE (&) 11

[4] Dornan T, Ashcroft DM, Heathfield HA, et al. An
in-depth investigation into causes of prescribing errors
by foundation trainees in relation to their medical
education: EQUIP study. 2009. [cited April, 2022].
Available from: https://www.gmc-uk.org/-/media/
documents/final-report-prevalence-and-causes-of-
prescribing-errors_pdf-28935150.pdf

[5] De Vries TPGM, Henning RH, Hogerzeil HV, et al.
Guide to good prescribing: a practical manual.
Geneva: World Health Organization; 1994.

[6] Akici A, Goren MZ, Aypak C, et al. Prescription audit
adjunct to rational pharmacotherapy education
improves prescribing skills of medical students. Eur
J Clin Pharmacol. 2005;61(9):643-650. doi: 10.1007/
500228-005-0960-3

[7] Australian Commission on Safety and Quality in
Health Care. Australia joins international push to
halve medication errors. Media Release. Australian
Commission On Safety And Quality In Health Care.
October 9, 2017. [cited April, 2022]. Available from:
https://www.safetyandquality.gov.au/about-us/latest-
news/media-releases/australia-joins-international-
push-halve-medication-errors

[8] World Health Organization. WHO launches global
effort to halve medication-related errors in 5 years.
World Health Organization. March 29, 2017. [cited
April, 2022]. Available from: https://www.who.int/
news/item/29-03-2017-who-launches-global-effort-to-
halve-medication-related-errors-in-5-years

[9] General Medical Council. Outcome for graduates
2018. General medical Council. Updated November
2020. [cited April, 2022]. Available from: https://
www.gmc-uk.org/-/media/documents/outcomes-for-
graduates-2020_pdf-84622587.pdf?la=en&hash=
35E569DEB208E71D666BA91CE58E5337CD569945

[10] Sandilands EA, Reid K, Shaw L, et al. Impact of
a focussed teaching programme on practical prescrib-
ing skills among final year medical students. Br J Clin
Pharmacol. 2010;71(1):29-33. doi: 10.1111/j.1365-
2125.2010.03808.x

[11] Hilmer SN, Seale JP, Le Couteur DG, et al. Do medical
courses adequately prepare interns for safe and effec-
tive prescribing in New South Wales public hospitals?
Intern Med J. 2009;39(7):428-434. doi: 10.1111/j.1445-
5994.2009.01942.x

[12] Al Khaja KA, James H, Sequeira RP. Effectiveness of
an educational intervention on prescription writing
skill of preclerkship medical students in a
problem-based  learning  curriculum. J Clin
Pharmacol. 2013;53(5):483-490. doi: 10.1002/jcph.68

[13] Tittle V, Randall D, Maheswaran V, et al. Practical
prescribing course: a student evaluation. Clin Teach.
2014;11(1):38-42. doi: 10.1111/tct.12106

[14] Brinkman DJ, Tichelaar J, Schutte T, et al. Essential
competencies in prescribing: a first European
cross-sectional study among 895 final-year medical
students. Article. Clin Pharmacol Ther. 2017;101
(2):281-289. doi: 10.1002/cpt.521

[15] Tichelaar J, Richir MC, Garner S, et al. WHO guide to
good prescribing is 25 years old: quo vadis? Eur J Clin
Pharmacol. 2020;76(4):507-513. doi: 10.1007/s00228-
019-02823-w

[16] Smith A, Tasioulas T, Cockayne N, et al. Construction
and evaluation of a web-based interactive prescribing
curriculum for senior medical students. Br J Clin
Pharmacol. 2006;62(6):653-659. doi: 10.1111/j.1365-
2125.2006.02651.x


https://www.safetyandquality.gov.au/standards/nsqhs-standards/medication-safety-standard
https://www.safetyandquality.gov.au/standards/nsqhs-standards/medication-safety-standard
https://www.safetyandquality.gov.au/standards/nsqhs-standards/medication-safety-standard
https://doi.org/10.1046/j.1365-2125.2003.01878.x
https://doi.org/10.1016/j.mjafi.2020.12.025
https://doi.org/10.1016/j.mjafi.2020.12.025
https://www.gmc-uk.org/-/media/documents/final-report-prevalence-and-causes-of-prescribing-errors_pdf-28935150.pdf
https://www.gmc-uk.org/-/media/documents/final-report-prevalence-and-causes-of-prescribing-errors_pdf-28935150.pdf
https://www.gmc-uk.org/-/media/documents/final-report-prevalence-and-causes-of-prescribing-errors_pdf-28935150.pdf
https://doi.org/10.1007/s00228-005-0960-3
https://doi.org/10.1007/s00228-005-0960-3
https://www.safetyandquality.gov.au/about-us/latest-news/media-releases/australia-joins-international-push-halve-medication-errors
https://www.safetyandquality.gov.au/about-us/latest-news/media-releases/australia-joins-international-push-halve-medication-errors
https://www.safetyandquality.gov.au/about-us/latest-news/media-releases/australia-joins-international-push-halve-medication-errors
https://www.who.int/news/item/29-03-2017-who-launches-global-effort-to-halve-medication-related-errors-in-5-years
https://www.who.int/news/item/29-03-2017-who-launches-global-effort-to-halve-medication-related-errors-in-5-years
https://www.who.int/news/item/29-03-2017-who-launches-global-effort-to-halve-medication-related-errors-in-5-years
https://www.gmc-uk.org/-/media/documents/outcomes-for-graduates-2020_pdf-84622587.pdf?la=en%26hash=35E569DEB208E71D666BA91CE58E5337CD569945
https://www.gmc-uk.org/-/media/documents/outcomes-for-graduates-2020_pdf-84622587.pdf?la=en%26hash=35E569DEB208E71D666BA91CE58E5337CD569945
https://www.gmc-uk.org/-/media/documents/outcomes-for-graduates-2020_pdf-84622587.pdf?la=en%26hash=35E569DEB208E71D666BA91CE58E5337CD569945
https://www.gmc-uk.org/-/media/documents/outcomes-for-graduates-2020_pdf-84622587.pdf?la=en%26hash=35E569DEB208E71D666BA91CE58E5337CD569945
https://doi.org/10.1111/j.1365-2125.2010.03808.x
https://doi.org/10.1111/j.1365-2125.2010.03808.x
https://doi.org/10.1111/j.1445-5994.2009.01942.x
https://doi.org/10.1111/j.1445-5994.2009.01942.x
https://doi.org/10.1002/jcph.68
https://doi.org/10.1111/tct.12106
https://doi.org/10.1002/cpt.521
https://doi.org/10.1007/s00228-019-02823-w
https://doi.org/10.1007/s00228-019-02823-w
https://doi.org/10.1111/j.1365-2125.2006.02651.x
https://doi.org/10.1111/j.1365-2125.2006.02651.x

12 & S.M. MOKRZECKI ET AL.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

Maxwell SRJ, Coleman JJ, Bollington L, et al.
Prescribing safety assessment 2016: delivery of
a national prescribing assessment to 7343 UK final-
year medical students. Br J Clin Pharmacol. 2017;83
(10):2249-2258. doi: 10.1111/bcp.13319

Harrison C, Hilmer S. The prescribing skills assess-
ment: a step towards safer prescribing. Aust Prescr.
2019;42(5):148-150. doi: 10.18773/austprescr.2019.050
Omer U, Danopoulos E, Veysey M, et al. A Rapid
review of prescribing education interventions. Med
Sci  Educator. 2020;31(1):273-289. doi: 10.1007/
s40670-020-01131-8

Kamarudin G, Penm J, Chaar B, et al. Educational
interventions to improve prescribing competency:
a systematic review. BMJ Open. 2013;3(8):e003291.
doi: 10.1136/bmjopen-2013-003291

Brinkman DJ, Tichelaar J, Graaf S, et al. Do final-year
medical students have sufficient prescribing compe-
tencies? A systematic literature review. Br ] Clin
Pharmacol. 2018;84(4):615-635. doi: 10.1111/bcp.
13491

Woit C, Yuksel N, Charrois TL. Competence and
confidence with prescribing in pharmacy and medi-
cine: a scoping review. Int J Pharm Pract. 2020;28
(4):312-325. doi: 10.1111/ijpp.12595

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):662-670. doi: 10.1111/j.1365-2125.2009.
03395.x

Page MJ, McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. 2021;10(1):89. doi: 10.
1186/s13643-021-01626-4

Mokrzecki S, Pain T, Mallett A, et al. Pharmacist-led
education for final year medical students: a Pilot
study. Front Med (Lausanne). 2021;8(732054). doi:
10.3389/fmed.2021.732054

Scobie SD, Lawson M, Cavell G, et al. Meeting the
challenge of prescribing and administering medicines
safely: structured teaching and assessment for
final year medical students. Med Educ. 2003;37
(5):434-437. doi: 10.1046/j.1365-2923.2003.01492.x

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Lotholm PW, Katzung BG. Rational prescribing &
prescription writing. In: Katzung B Vanderah T, edi-
tors. Basic and clinical pharmacology, 15e. McGraw-
Hill; 2021 [Accessed August, 2023]pp. 1139-1143.
https://accesspharmacy.mhmedical.com/content.aspx?
bookid=2988$ionid=250605584

Celebi N, Kirchhoff K, Lammerding-Koppel M, et al.
Medical clerkships do not reduce common prescrip-
tion errors among medical students. Naunyn
Schmiedebergs Arch Pharmacol. 2010382
(2):171-176. doi: 10.1007/s00210-010-0530-9
Coombes I, Mitchell C, Stowasser D. Safe medication
practice tutorials: a practical approach to preparing
prescribers. Clin Teach. 2007;4(3):128-134. doi: 10.
1111/j.1743-498X.2007.00164.x

Garbutt JM, DeFer TM, Highstein G, et al. Safe pre-
scribing: an educational intervention for medical
students. Teach Learn Med. 2006;18(3):244-250. doi:
10.1207/s15328015tlm1803_10

Raghu G, Arumugam B, Paul P. Evaluation of hands
on training on prescription writing skills among med-
ical students in a tertiary care teaching hospital. Natl
J Physiol Pharm Pharmacol. 2017;7(12):1371-1376.
doi: 10.5455/njppp.2017.7.0832904092017

Thenrajan P, Murugan P. Impact of patient-based
teaching in improving prescription writing skills of
II MBBS students. Int ] App Basic Med Res. 2016;6
(3):174-177. doi: 10.4103/2229-516X.186954

Thomas JS, Koo M, Shakib S, et al. Impact of
a compulsory final year medical student curriculum
on junior doctor prescribing. Intern Med J. 2014;44
(2):156-160. doi: 10.1111/im;j.12316

Australian Medical Council, Medical Board of
Australia. Australian Medical Council And Medical
Board Of Australia’s Preparedness For Internship
Survey. 2019. [cited April, 2022]. Available from:
https://www.amc.org.au/wp-content/uploads/2019/11/
National-Report-2019-Survey-FINAL.pdf

Australian Health Ministers’ Advisory Council.
National Intern Work Readiness Forum: Summary Of
Proceedings. 2016. https://medicaldeans.org.au/md/
2020/01/National-Intern-Work-Readiness-Forum-
Summary-of-Proceedings_September-2016.pdf


https://doi.org/10.1111/bcp.13319
https://doi.org/10.18773/austprescr.2019.050
https://doi.org/10.1007/s40670-020-01131-8
https://doi.org/10.1007/s40670-020-01131-8
https://doi.org/10.1136/bmjopen-2013-003291
https://doi.org/10.1111/bcp.13491
https://doi.org/10.1111/bcp.13491
https://doi.org/10.1111/ijpp.12595
https://doi.org/10.1111/j.1365-2125.2009.03395.x
https://doi.org/10.1111/j.1365-2125.2009.03395.x
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.3389/fmed.2021.732054
https://doi.org/10.3389/fmed.2021.732054
https://doi.org/10.1046/j.1365-2923.2003.01492.x
https://accesspharmacy.mhmedical.com/content.aspx?bookid=2988%C2%A7ionid=250605584
https://accesspharmacy.mhmedical.com/content.aspx?bookid=2988%C2%A7ionid=250605584
https://doi.org/10.1007/s00210-010-0530-9
https://doi.org/10.1111/j.1743-498X.2007.00164.x
https://doi.org/10.1111/j.1743-498X.2007.00164.x
https://doi.org/10.1207/s15328015tlm1803_10
https://doi.org/10.1207/s15328015tlm1803_10
https://doi.org/10.5455/njppp.2017.7.0832904092017
https://doi.org/10.4103/2229-516X.186954
https://doi.org/10.1111/imj.12316
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://medicaldeans.org.au/md/2020/01/National-Intern-Work-Readiness-Forum-Summary-of-Proceedings_September-2016.pdf
https://medicaldeans.org.au/md/2020/01/National-Intern-Work-Readiness-Forum-Summary-of-Proceedings_September-2016.pdf
https://medicaldeans.org.au/md/2020/01/National-Intern-Work-Readiness-Forum-Summary-of-Proceedings_September-2016.pdf

MEDICAL EDUCATION ONLINE (&) 13

Appendix 1: Search term tree used in PUBMED

(((“Students, Medical’[Mesh]) OR  “Schools, Medical’[Mesh]) OR  “Education, Medical’[Mesh]) AND
“Prescriptions”[Mesh] [864 results]
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