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Objective. To design, implement, and evaluate an interprofessional learning workshop on pediatric
prescribing.
Design. An interactive workshop on pediatric prescribing was designed and delivered by pediatricians
and pharmacists to fourth-year medical and pharmacy students on 3 university campus settings.
Students were assigned to either interprofessional workshop groups (pharmacy and medical students)
or non-interprofessional workshop groups (medical students only).
Assessment. Two hundred thirty students completed the workshops and 92% returned both the pre- and
post-workshop questionnaires. Attitudes toward interprofessional learning significantly improved among
students in the interprofessional workshop groups (p, 0.001) and confidence in prescribing for pediatric
patients significantly improved among all students (p, 0.001).
Conclusions. The workshop improved medical and pharmacy students’ knowledge and confidence in
pediatric prescribing and significantly improved their attitudes toward working and learning with other
professionals.
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INTRODUCTION
Because of their lower body weight and other phys-

iological characteristics, children are more vulnerable
than adults to prescribing errors and to mistakes made
during dosage calculation of neonatal and pediatric med-
icines. 1-4 Many reports emphasize the complexity of pre-
scribing for children and encourage specific training for
and assessment of students in medical school.5,6 Maxwell
and Walley created a syllabus that was appropriate to
support this aim, while noting that prescribing is a generic
skill that is also performed by non-physician prescribers,
including pharmacists, nurses, and optometrists.7 The
ability to prescribe safely is a culmination of the practi-
tioner having background knowledge, diagnostic and
clinical decision-making skills, and an understanding of
the potential positive and negative effects of a particular
medication on an individual. These are skills learned over
time, and built on experiences attained throughout under-
graduate and postgraduate training.

Because medical, pharmacy, and nursing profes-
sionals are increasingly involved in prescribing, moni-
toring, checking, and dispensing medications, health
professionals and health professions educators have rec-
ognized the benefits of multidisciplinary cooperation and
interprofessional learning in teaching these areas. The
Kennedy Report recommends that “greater priority be
given to the development of teamwork and shared learn-
ing across professional boundaries.”8 Health professions
programs also are facilitating interprofessional learning
through workshops.9 Interprofessional education of health
professions students leads to increased knowledge as
well as more positive attitudes toward working together
in the future.”

Parsell and Bligh identified 5 key conditions impor-
tant for effective interprofessional learning to occur: the
subject must be relevant to all involved; the subject must
be taught at a level that is understandable and interesting
to all; small groups and interactive forums should be used;
participants must be secure in their respective profes-
sional identities; and participants must feel themselves
to be on an equal footing.10

TheCentre for theAdvancement of Interprofessional
Education defines interprofessional education as that
which occurs when 2 or more professions learn with,
from, and about each other, and state that the benefits of
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successful interprofessional education include: improved
collaboration, which fosters mutual respect; improved
quality of care; and enhanced respect for the integrity
and contribution of each profession.11

The University ofWisconsin designed a pharmacist-
practitioner–led workshop to increase medical students’
knowledge of and skills in prescription writing; to in-
crease their use of a formulary; and to reduce prescribing
errors.12 This workshop for medical students seemed
a useful basis for the development of an interprofessional
workshop for undergraduate medical and pharmacy stu-
dents on prescribing in pediatrics.

As prescribing is a skill that many healthcare pro-
fessionals are now required to have, there was a need to
add training in prescribing skills to both undergraduate
curricula, particularly skills and knowledge specific to
safer pediatric prescribing. Thus, the objective of this
studywas to design and implement a pediatric prescribing
workshop for undergraduate medical and pharmacy stu-
dents that introduced the principles of prescribing for
children, and to evaluate whether teaching the workshop
in an interprofessional environment affected participants’
knowledge, skills, and attitudes.

DESIGN
Participants in the study were all fourth-year med-

ical students from the University of Bristol and all final-
year pharmacy students from theUniversity of Bath. The
medical students had previously been randomly as-
signed to 1 of 8 University of Bristol medical academies
based on secondary-care hospital sites. Three of the acad-
emies had access to both medical and pharmacy students
but the other 5 had access only to medical students. This
provided an opportunity for the non-interprofessional
learning sites to act as a control for the interprofessional
learning workshops. Prior to this workshop, development
of the specific skills of pediatric prescribing had not been
taught at the medical undergraduate level.

We wanted to embed the learning workshop into
each profession’s curricula in such a way as to contrib-
ute towards the medical students’ Child Health course
and the pharmacy students’ Clinical Pediatric Skills
unit. The learning objectives for the workshop were
that by the end of the workshop the student should be
able to:

d Describe and understand the ways in which chil-
dren are different from adults and the implica-
tions of this for safe prescribing;

d Describe and understand the professional skills
involved in safe prescribing in pediatrics, includ-
ing consent, compliance, route of administration,
and licensing;

d Use the accepted pediatric prescribing formu-
lary; and

d Complete an inpatient prescription chart and
an outpatient prescription form accurately and
legibly.

The workshop content was developed by a team of
pediatric pharmacists and medical clinicians working in
primary- and secondary-care settings and in academia.
The original workshop was pilot tested with third-year
medical and pharmacy students, and comments from par-
ticipants and facilitators’ were used to revise the original
workshop prior to implementation.

The workshop was evaluated during the 2004-2005
academic year. The local University Ethics Committee
advised that no formal approval was needed for conduct-
ing the study. At the start of each workshop, the students
were informed that itwas a pilot programand that pre- and
post-workshop questionnaires would be used to assess
their attitudes towards interprofessional learning. Stu-
dents were assured that their responses would remain
anonymous and confidential.

A pediatrician and pharmacist with experience in
pediatrics jointly facilitated each workshop, using stan-
dardized teaching materials. The facilitators used an un-
structured teaching style that was not lecture-based to
enable students to learn with, from, and about each other
and avoided lecturing to encourage a learner focused ap-
proach to learning.11 The students worked in small groups
of 2 to 4 (with bothmedical and pharmacy students in each
group in the interprofessional workshops) and discussed
and debated possible clinical options prior to presenting
their findings to the wider group. These discussions were
moderated by facilitators and students were given model
answers after each discussion. Providing this formative
feedback throughout the workshop enabled students to
check their own learning and where appropriate to iden-
tify areas where further study was required to achieve
good standards of prescribing practice.

Student groups were provided with a calculator and
a copy of the then Royal College of Paediatrics and
Child Health Medicines for Children Formulary (a spe-
cialist prescribing reference used prior to publication of the
British National Formulary for Children).13 In preparation
for group discussions in class, students were encouraged to
complete assigned readings on the ways in which children
differ from adults and on the theory of prescribing for
children.14 The assigned readings also included the use
of licensed, unlicensed, and off-license medicines in chil-
dren, aswell as the pharmacokinetic and pharmacodynamic
changes associated with the different age classifications for
children. In the United Kingdom, a licensed medicine is
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a medicine prescribed according to its registered licensed
indications. An unlicensed medicine is a medication that
is not licensed in the United Kingdom, but has been pre-
scribed for an individual and has to be imported. An off-
license medicine is one that is licensed in the United
Kingdom but has been prescribed for something other
than for its registered licensed indications. Most com-
monly occurring in pediatric and intensive care settings,
licensed medicines for adults are used “off-license” in
terms of dosage, indication, and age-related factors as
there are no alternative licensed pediatric medicines
available. Off-license and unlicensed prescribing also in-
fers full responsibility of patient outcome on the pre-
scriber and not the pharmacy or pharmacist.

The students followed a worksheet that contained
several common clinical prescribing scenarios from pri-
mary and secondary care settings. After group discus-
sions, student practiced completing standard hospital
prescription charts and outpatient prescription forms.
For example, one scenario involved a child with a chest
infection and required the student to select the appropriate
antibiotic and dose, while another scenario involved
a child with attention deficit disorder and required the
student to prescribe a controlled substance, methylpheni-
date. The workshop program is illustrated in Figure 1.

EVALUATION AND ASSESSMENT
Previous medical undergraduate interprofessional

learning sessions had been evaluated with a validated at-
titude to interprofessional learning questionnaire. 15 This
consisted of 9 questions (Table 1) with response options
on a 5-point modified Likert scale on which 15 strongly
disagree and 55 strongly agree. We added a second sec-
tion that contained 5 additional items to assess confidence
in prescribing skills for adults and children (Table 2).
Finally, students were asked to list 2 perceived strengths
and weaknesses of interprofessional learning and to add
further comments if they wished.

All students were asked to complete a questionnaire
immediately before and after the workshop. For the anal-
ysis, the scores were reversed for questions 3, 6, 9, and 13.
Thus, high scores on questions 1-9 indicated a more pos-
itive attitude towards interprofessional learning, and high
scores on questions 10-14 indicated a greater confidence
in prescribing. Changes in response to each question from
pre- to post-training were assessed using non-parametric,
Wilcoxon matched-pairs signed-ranks tests (with adjust-
ment for tied ranks).Medians and rangeswere used for data
summarybut, because of the tied observations,meanswere
added to better indicate the direction of change.

Medical students’ knowledge of prescribing was
assessed using extendedmatching questions,which formed

part of their standard end-of-year written examination.
The range of grades for a test using extended matching
questions was 0 to 5. Each extended matching question
had a lead-in phrase. For example: “for each of the fol-
lowing patients with chest pain, please select the most
appropriate treatment from the 26 options above.” There
were 5 questions, or stems, for which the candidate had to
select an answer from the options list. Each option could
be used once, more than once, or not at all. The questions
required the student to use the Medicines for Children
Formulary to select the correct medication and calculate
the appropriate dose.

The objective structured clinical examination (OSCE)
contained a station that assessed students’ prescription-
writing skills.Using theMedicines forChildrenFormulary

Figure 1. Pediatric Prescribing Workshop Overview
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provided, the student had to select an appropriate medi-
cation for a given clinical situation (for example an anti-
biotic for a urinary tract infection in a child with a
penicillin allergy) and enter it on a standard hospital pre-
scription chart.

The EMQ and OSCE scores of the interprofessional
learning and non-professional learning medical students
were compared usingMann-Whitney U tests. A student’s
scores were eliminated from the analysis if either the
pre- or post-workshop questionnaire was not completed
or if the student’s name was missing from either of the
questionnaires.

The pharmacy students’ knowledge of pediatric
prescribing was not assessed by the same EMQ and
OSCE method because of the inability to change phar-
macy assessment procedures within the timeframe of the
study. Prescribing knowledge for pharmacy students
was assessed during final dispensing examinations.

Two hundred thirty students participated in 19work-
shops. Nine sessions were interprofessional learning
and attended by 96 medical students and 68 pharmacy
students, with 10 or 11 medical and 7 or 8 pharmacy
students at each workshop. The other 10 workshops were
non-interprofessional learning (only medical students
attended). The 2.4 ratio of medical students to pharmacy
studentsmeant that therewere usually 1 pharmacy student
and 2 or 3 medical students in each small group.

Of the 230 students, 211 completed the pre- and post-
workshop questionnaires (92% response rate); 11 (5%)
completed 1 of the questionnaires, and 8 did not submit
either questionnaire. However, not all students completed
every question on the questionnaires. The changes from

pre- to post-workshop for individual attitude questions
(questions 1-9) and the total overall change in attitude
to interprofessional learning are shown in Table 1.

After the workshop, the participants were more
likely to think that interprofessional learning would en-
hance communication skills, especially with regard to pa-
tients (p50.044 and p50.036, respectively, for medical
and pharmacy students). After interprofessional learning,
medical students were less likely to prefer to work only
with other medical students (p50.003) and both medical
and pharmacy students reported increased enjoyment
with working with other professions (p50.001). Medical
students weremore likely to think interprofessional learn-
ing improved team-working skills (p50.002).

Overall, attitudes toward interprofessional learn-
ing significantly improved among medical and phar-
macy students in the interprofessional learning group
(p,0.001 for both; Table 2). There was no significant
change in the scores of medical students who were in the
non-interprofessional learning groups (p50.191).

One of the learning outcomes was to determine
whether therewas a change in students’ confidence in skills
such as writing prescriptions. The prescribing workshops
significantly increased overall confidence in prescribing
among students in both the interprofessional and non-
interprofessional learning groups (p,0.001; Table 2).
The changes in scores from pre- to post-workshop for
individual skill-related questions (questions 10-14) and
overall change in scores are shown in Table 2.

Medical students’ knowledge about prescribing for
children was tested on the end-of-year examinations. No
differences in scores onprescribingquestionswere apparent

Table 2. Changes in Perceived Confidence in Prescribing Before and After Participation in a Prescribing Workshopa

Question

Pharmacists
(n=68)

Medical Students in the
Interprofessional Learning

Workshop (n=96)

Medical Students in the
Non-Interprofessional

Learning Workshops (n=66)

Before
Median
(Mean)

After
Median
(Mean) P

Before
Median
(Mean)

After
Median
(Mean) P

Before
Median
(Mean)

After
Median
(Mean) P

I feel confident with prescribing
for adults

3 (3.0) 4 (3.6) ,0.001 2 (2.1) 3 (3.2) ,0.001 2 (2.1) 4 (3.4) ,0.001

I feel able to write a safe
prescription

3 (3.4) 4 (3.9) ,0.001 2 (2.1) 4 (3.5) ,0.001 2 (2.2) 4 (3.7) ,0.001

Using the formulary
“Medicines for Children” is easy

4 (3.6) 4 (4.0) 0.003 3 (2.5) 4 (3.4) ,0.001 3 (2.5) 4 (3.7) ,0.001

I do not feel confident to
prescribe for childrenb

3 (3.3) 3 (2.6) ,0.001 4 (4.1) 2 (2.6) ,0.001 4 (3.9) 2 (2.3) ,0.001

I feel able to list differences in
prescribing for children and adults

3 (3.4) 4 (4.3) ,0.001 3 (2.7) 4 (4.1) ,0.001 3 (2.9) 4 (4.1) ,0.001

a Scores range from 1 5 strongly disagree to 5 5 strongly agree.
b For analysis scores reversed for this question.
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between students who attended interprofessional and
non-interprofessional learning workshops (Table 3).

Written comments on the post-workshop feedback
forms highlighted students’ perceived strengths and
weaknesses of interprofessional learning. Some of the
strengths of interprofessional learning identified by
a medical student included its ability to break down ste-
reotypes and facilitate future relationships, while a phar-
macy student described feeling pride in being able to
share knowledge about prescribing and the issues sur-
rounding drug selection and dosage.

Weaknesses identified by the students centred on the
lack of “a horizontal and vertical approach” to interpro-
fessional learningwithin each profession’s curricula. Stu-
dents stated they would prefer that interprofessional
learning be included in each year of the curriculum (hor-
izontal), with each year’s content increasing in difficulty
(vertical) and covering a range of clinical areas. Onemed-
ical student commented that interprofessional learning
should be included much earlier in the curriculum, when
learning basic sciences and clinical skills.

DISCUSSION
The students who participated in the interprofes-

sional learning groups not only enjoyed the experience,
but also underwent a significant, positive attitudinal
change as a result. Benefits included: meeting a group
of health professions students with whom they had lim-
ited prior interaction; discovering similarities in training
and roles; and finding ways in which their professions
could work together more effectively in practice.

Students felt that interprofessional learning should
be a core part of their undergraduate curriculum and happen
regularly enough that professional relationships could be
established. Interestingly, 1 medical student listed learning
from pharmacy students as a weakness of the workshop,
when actually it was the fundamental aim of the workshop
that bothprofessionals learnwith, from,andabout eachother.

Much of the literature on interprofessional learning
is of poor quality, typically consisting of a description of

an educational event or program, with outcomes often
limited to the results of a survey of learner satisfaction
or participants’ knowledge, but no survey of a comparison
group.16 Our workshop was compulsory, had a control
group, and assessed participants’ perceived knowledge,
skills, and attitudes. A study by Stewart and colleagues
of the impact of an interprofessional workshop demon-
strated findings similar to ours, with increased knowledge
among medical students about the causes of medication
errors in pediatric cases and improved interprofessional
attitudes towards working with nursing professionals.17

Conroy and Carroll suggest that education is the key to
safer prescribing in pediatrics and that educators and re-
searchers should remember the following points when
designing interprofessional learning curriculum: that the
timing of the teaching in relation to examinations is key,
that content should be relevant to practice, and that in-
volving pharmacists in interprofessional learning may re-
sult in higher student satisfactions scores.18

Our study has several limitations. Equal numbers of
medical and pharmacy students should have been ran-
domly allocated to interprofessional learning and non-
interprofessional learning groups; as it was, medical
students outnumbered pharmacy students by 2.4 to 1.
Also, for logistical reasons, the interprofessional learn-
ingworkshopswere restricted to 3academysites.Although
more interprofessional sites would have strengthened
the data on the workshop’s impact on students’ atti-
tudes about interprofessional learning, having the non-
interprofessional sites validated the workshop’s use with
medical students. We would have liked to assess the atti-
tudes, knowledge, and skills of pharmacy students in an-
nual examinations in the same way as medical students;
however, differences in the assessment methods used at
the 2 academic sites precluded this. The questionnaire
used a modified Likert scale for responses and, for statis-
tical analysis, scores were added together.15 It was not
possible to measure the consistency of teaching styles
across sites and differences in facilitator attitudes, knowl-
edge, and teaching styles may have affected outcomes.

Table 3. Assessment of Medical Students’ Knowledge After Participation in a Pediatric Prescribing Workshop

Skill (Objective Structured Clinical
Examination)a

Knowledge (Extended
Matching Question)b

Median Range Median (Mean) Range n

Students in the Interprofessional
Learning Workshop

14 6-17 4 (4.0) 0-5 89

Students in the Non-Interprofessional
Learning Workshop

14.5 9-17 4 (3.6) 0-5 64

a OSCE result for one question (17 marks for accuracy of prescription). There was no significant difference in scores (p50.342).
b EMQ results for 5 questions (maximum of 5 grades in total). There was no significant difference in scores (p50.073).
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Finally, there is nowayof knowingwhether the attitudinal
change that we identified will persist or be clinically rel-
evant. Health professionals exposed to a single interpro-
fessional learning event prospectively followed-up over
a 2-year period exhibited mixed results to the longevity
of the learning and attitudinal changes.19 Other longitu-
dinal interprofessional learning studies demonstrate
difficulties in follow-up and retention of study partici-
pants over time.20 Interestingly, a higher-education in-
stitution with an embedded culture of interprofessional
education has shown that positive attitudes towards in-
terprofessional learning decreased over time.21However,
students graduating froman institutionwith an interprofes-
sional learning curriculum felt more positive about their
professional relationships when they entered practice than
those who graduated without exposure to interprofes-
sional learning.15

There is a need for longitudinal studies of health pro-
fessions graduates’ attitudinal changes and the knowl-
edge and skills they gained in interprofessional learning
environments to determine whether these persist after en-
tering practice. However, relocation of undergraduate par-
ticipants after graduation makes such studies a challenge.

The interprofessional learning workshops could be
adapted for use by recent health professions graduates
(eg, physicians, pharmacists, and nurses) just entering
the workforce and also be used to enhance learning and
understanding of other health professionals who are non-
prescribers working in the area of pediatrics. Kidd et al
suggest that ongoing educational interventions on pre-
scribing for health professionals throughout training and
registration are a necessary component of reducing errors,
especially in pediatric prescribing. We recommend that
not only should such educational events be required but
that individual prescribing practices be monitored over
time to ensure competence continues to improve.22

SUMMARY
An interactive interprofessional pediatric prescrib-

ing workshop increased medical and pharmacy students’
perceived knowledge, skills, and confidence in prescrib-
ing for children, which is essential for improving patient
safety. We demonstrated that interprofessional learning
had a significant positive impact on participants’ attitudes
toward working and learning with other health profes-
sions students and on working with other healthcare pro-
fessionals in the future.
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