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ABSTRACT

Safe medication use necessitates interprofessional working, with calls to enhance interprofessional
education (IPE) focusing on medication safety (MS) in healthcare professional (HCP) curricula. Little is
known about the design, delivery or evaluation of such activities. This systematic literature review
describes MS-focused IPE activities in pre-qualification HCP programmes. MedLine, EMBASE, CINAHL
and ERIC were searched, relevant studies identified and data extracted. The McGill Mixed Methods
Appraisal Tool was employed. The 3P (presage-process-product) theory structured deductive analysis.
Thirty-one studies were included, reporting on 30 activities, mostly undertaken in North America or United
Kingdom. Presage/Design: Most reported activities involved pharmacy, nursing, medical or physician
assistant students learning with one or more other HCP group. Few studies matched student groups’ skills
or experiences. Few studies reported theoretical underpinnings. Process/Delivery: Multiple pedagogical
approaches were employed, mostly social construction, and low- and high-fidelity simulation-based
learning. Few studies reported learning outcomes or summative assessment, more reported formative
assessment. Product/evaluation: Outcomes measured were learners’ opinions, satisfaction or attitudes
toward interprofessional working and findings were generally positive. Few studies reported on student
development or outcomes specific to medication safety. Lack of integration of qualitative/quantitative
components of mixed methods studies and limited outcome measurements' validity or reliability wea-
kened study quality. MS-focused IPE for pre-qualification HCPs is well received by students. Design of
future activities could be enhanced by employing theory and ensuring matching of students’ and groups’
skills, professional identity and learner attributes to enhance learning in an interprofessional setting.
Future delivery should embed MS-focused IPE into the standard curricula to optimize constructive
alignment, learner engagement, quality and drive development. The required skillset in pre-
qualification HCP programmes to facilitate future safe medication practice, together with the associated
learning outcomes and assessment approaches, should be defined. The quality of scholarly studies
examining these activities needs improvement.

ARTICLE HISTORY
Received 8 January 2021
Revised 9 November 2021
Accepted 1 December 2021

KEYWORDS

Medication safety;
interprofessional education;
pre-qualification; medical
education; healthcare
education; medication error;
students

Introduction

Internationally, evidence identifies that medication errors are
highly prevalent, often preventable and can result in significant
healthcare expenditure, morbidity and mortality (Avery et al.,
2013; Dornan et al.,, 2009; E. E. Roughead et al., 2016; Elliott
etal., 2021; L. Roughead et al,, 2013; Ryan et al,, 2014). In 2017,
the World Health Organization (WHO) launched the Third
Global Patient Safety Challenge: Medication Without Harm
which aims to reduce severe avoidable medication harm by
50% by 2022 (Donaldson et al., 2017). The associated technical
reports, focusing on polypharmacy and transitions of care,
identify the importance of collaborative working to achieve
this goal (WHO, 2019a, 2019b). Challenges to medication
safety (MS) can occur at any stage of the medication use
process. Optimal medication use requires interprofessional
collaborative working between many professionals, patients
and carers (Bardet et al., 2015; Rixon et al., 2015; Ross et al.,
2013; Wilson et al,, 2016). Safe medication use typically
involves a process of parallel or sequential actions, performed
by a variety of healthcare professionals (HCPs) and patients or

carers, with dependence on each individual stage and/or the
cascade between stages (Bardet et al., 2015; Dornan et al., 2009;
Franklin, 2014; Rosenfeld et al., 2018; Wilson et al., 2016).
Safe medication use also requires the parallel application of
technical and non-technical skills (Gordon et al., 2015;
Wilson et al., 2016). Medication errors have been partly
attributed to a lack of knowledge and skills, both technical
and non-technical (Dornan et al., 2009; Keers et al., 2013;
Ross et al., 2013; Slight et al.,, 2013), often associated with
inadequate education and training (Dornan et al., 2009;
S. R. Maxwell et al, 2015). Non-technical skills are
a collection of social, cognitive and personal resource skills
which draw upon higher cognitive processing, such as analyz-
ing, relating, synthesizing or evaluating (Dearden et al., 2015;
Gordon et al., 2015; Krathwohl, 2002). Examples of non-
technical skills include situational awareness or monitoring
(analytical), task management (analytical), communication
and teamwork (relational). The relational non-technical skills
concern interpersonal skills and therefore an individual’s
performance is to some extent dependent on a collective
context. Relational non-technical skills overlap somewhat
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with interprofessional collaborative skills as both center on
communication and teamwork (Barr et al.,, 2016; Gordon
et al., 2015).

Background

Interprofessional education (IPE) relates to the practice of
HCPs or students learning with, from or about each other to
improve collaboration and quality of care (Keers et al., 2013).
This “learning with, from or about” provides for interaction
between two or more health/social care professional groups,
thereby dissolving professional silos and promoting collabora-
tive relationships. IPE is a relatively new notion, developed
around the turn of the century with successive Cochrane sys-
tematic reviews published in 2000, 2008 and 2013 demonstrat-
ing an increasing volume of studies exploring the benefit of IPE
on patient outcomes or healthcare processes (Reeves et al., 2013,
2008; Zwarenstein et al., 1999). The most recent of these reviews
identifies a heterogeneous body of studies which report posi-
tively on a range of outcomes, for example, professional practice
or patient care, but with recognized deficits in the rigor and
certainty of evidence (Reeves et al., 2013). In 2010, the WHO
endorsed the merit of IPE in supporting healthcare providers’
professional development of the knowledge and skills required
to collaborate effectively in the workplace (WHO, 2010). Since
then, the implementation of IPE has increased globally, compe-
tency frameworks for interprofessional collaborative practice
have been developed and IPE has become a requirement of
regulatory bodies accrediting healthcare professional training
programmes (Barr et al., 2016; Interprofessional Education
Collaborative, 2016).

Deficits have been identified in uni-professional pre-
registration education of HCPs regarding prescribing, medica-
tion management and MS (Brady et al., 2009; Heaton et al., 2008;
Kostas et al., 2018; Luetsch & Rowett, 2016; Rickles et al., 2010;
Schmitz et al., 2015). HCPs have been reported to work along-
side, rather than with, one another, thereby limiting communica-
tion about medications (Rixon et al., 2015). Calls have been made
to enhance IPE supporting MS (Cordina, 2019; Noble et al.,
2017), introduced early in HCP training, to maximally influence
the interprofessional culture, behavior and performance in future
professional practice (Dornan et al., 2009; LofHler et al., 2017).
The use of theoretically guided IPE has been advocated as a way
to support staff to articulate and develop their teaching practice
and to enable facilitators to communicate the rationale and
features of interprofessional practice (Hean et al., 2012).

The World Health Professions Alliance (2019) identify
that the best ways to deliver IPE needs to be researched.
Despite this, little is known about the IPE activities focused
around MS in healthcare courses and although individual
studies have reported on the development, delivery and eva-
luation of MS-focused IPE activities, we are not aware of any
previous evidence synthesis on this topic (Cordina, 2019).
A synthesis would add value by producing an overall under-
standing and appraisal of the MS-focused IPE activities
undertaken to date and identifying opportunities to enhance
future efforts. This might help educators, regulators and
policymakers in their efforts to prepare students for future

safer medication practices and support researchers undertak-
ing scholarly work on this topic. Therefore this review sought
to characterize the design, delivery and evaluation of IPE
activities focusing on MS, during health professional
education.

Methods

Guidance for reporting evidence synthesis in health education,
the STORIES (STructured apprOach to the Reporting In
healthcare education of Evidence Synthesis) statement
(Gordon & Gibbs, 2014), and the Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) (Moher
et al., 2009), were observed.

Data sources and search strategies

Four electronic databases relating to healthcare and education
were searched: MedLine, Embase, CINAHL and ERIC, applied
to October 2020. Search terms addressed the following con-
cepts and related terms: Interprofessional education (or learning
or collaborative approach or multidisciplinary approach); med-
icine (or medication or drug) safety or error or potentially
inappropriate prescribing or medication; undergraduate or
bachelor student (Supplementary Material 1). Search terms
and Boolean operators were adapted to each database.
Forward and backward citation chasing were performed, and
journal hand searches were undertaken for 2000 to 2020.

Study eligibility

Published studies reporting on IPE activities that were focused
on MS among pre-qualification HCP students were included.
MS was regarded as one or more of the key steps in the
medication use process (prescribing, dispensing, administer-
ing, monitoring) or the topic of MS management itself
(Pearson et al., 2015). IPE was defined as occasions where
two or more professions learned with, from and about each
other to improve collaborative practice and quality of care
(Barr et al., 2016). Studies were excluded if they reported
exclusively on learning in a postgraduate, post-registration or
practice context. Published abstracts were excluded.

Study selection and data extraction

All identified articles were independently screened by title and
abstract by both authors. Following this, the sub-set proceeded
to full text review, completed independently by both authors.
Differences were discussed and consensus reached regarding
inclusion or exclusion.

Data were either independently extracted by both authors or
led by one author and cross-referenced by the other. Data
extractions were reviewed, differences were discussed, and
consensus was reached. This was guided by a data extraction
template, based on the 3P theory, which captured detail regard-
ing the design (presage), delivery (process) and evaluation
(product) of learning activities and study characteristics.



Quality assessment

A quality assessment of reviewed studies was completed by
both authors using the standardized McGill Mixed-Methods
Appraisal Tool (MMAT) (Hong et al., 2018). The MMAT
enables evaluation of the methodological rigor of qualitative,
quantitative and mixed-methods studies. Disagreements were
resolved through discussion.

Data analyses and syntheses

Data extracted were described, tabulated and synthesized.
Reported learning outcomes were categorized as addressing
either interprofessional (IP) competencies, MS competencies
or both. Learning outcomes relating to IPE were mapped by
one author, with expertise in IPE, against the Interprofessional
Education Collaborative’s (Interprofessional Education
Collaborative, 2016) Core Competencies for Interprofessional
Collaborative Practice, and the Canadian Interprofessional
Health Collaborative (2010). Learning outcomes relating to
MS were mapped by one author, with expertise in medication
safety, against the WHO’s suggested knowledge and perfor-
mance learning outcomes in the MS chapter of the Patient
Safety Curriculum Guide (World Health Organization, 2009).
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The focus of the learning activity was categorized against the
key steps in the medication use process (prescribe, dispense,
administer, monitor) and/or as MS management. Any theore-
tical model or framework or theoretical underpinnings that
were used to plan the activities were identified.

The 3P theory provided the framework for deductive ana-
lysis (Biggs, 1993). The 3P model considers planning (presage),
conducting (process) and evaluating (product) learning activ-
ities and therefore provides a useful framework for synthesiz-
ing review results with the aim to generating recommendations
for the future design, delivery and evaluation of IPE about MS
among pre-qualification HCP students.

Results
Study characteristics

Of the 4156 studies identified in the literature search, 31 stu-
dies, all published since 2010, were included, describing 30 MS-
focused IPE activities (Figure 1). Two studies reported on the
same activity (studies 10, 11). Most studies were undertaken in
north America (n = 16) or the United Kingdom (n = 10)
(Table 1). Study designs were largely descriptive, restricted to
posttest evaluation (n = 12) (1, 2, 7, 8, 10, 11, 12, 14, 18, 20, 24;

Figure 1. PRISMA diagram.
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25; 28) or pre-post- test design (n = 13) (3; 4; 5; 6; 9; 13; 15; 16;
17; 19; 21; 225 265 27; 29; 31) with only two studies utilizing
either a historic (23) or non-interprofessional comparator
group (30). A variety of mixed methods (n = 18) (1; 2; 4; 8; 9;
11; 12; 13; 145 165 17; 18; 21; 24; 26; 29; 30; 31), quantitative
(n=9) (3; 55 6; 15; 19; 20; 22; 23; 27) and qualitative (n = 4) (7;
10; 25; 28) approaches were used to evaluate the learning
activities.

Study quality was mediocre (Supplementary material 2).
Qualitative data were poorly presented, particularly in mixed-
methods studies which primarily focused on quantitative data.
Challenges were identified with the integration of qualitative/
quantitative components of mixed methods studies, represen-
tativeness of study samples in quantitative studies and validity
or reliability of the outcome measurements employed.

Presage - planning learning activities

The primary drivers for MS-focused IPE were accreditation or
health organization standards (n = 15) (1, 3,4, 5,7, 8,9, 10, 11,
14, 15, 20, 22, 25, 31), improving education in medication
safety (n = 15) (2, 6, 12, 13, 17, 18, 19, 21, 23, 24, 27, 28, 29,
30) or improving interprofessional collaboration in practice
(26) (Supplementary material 3). Twenty studies focused on
multiple steps in the medication use process (2, 3, 4, 7, 10, 11,
12, 13, 14, 15, 16, 19, 21, 23, 24, 26, 27, 29, 30, 31). The most
common focus was prescribing or medication review (n = 24),
(1,2,3,4,6,7,10,11, 12,13, 14, 15, 16, 19, 20, 21, 22, 24, 26, 27,
28, 29, 30, 31) and monitoring (n = 12) (2, 4, 8, 10, 11, 14, 15,
19, 21, 23, 26, 27).

For most studies (n = 19), faculty professional background
matched those of the students involved in the activity (1, 3, 5, 6,
8, 10, 11, 13, 14, 15, 19, 20, 21, 22, 24, 28, 29, 30, 31). Faculty
expertise was rarely described as specialist clinical expertise
relevant to the activity (16, 24, 30), IPE and/or medication
safety expertise (18, 26) and simulation-based learning specia-
lization (31). Three studies provided facilitators with training
(5, 8) or resources (29). Activity content was reportedly devel-
oped collaboratively between participating programmes (3, 13,
16, 19, 20, 21, 26, 29, 30, 31), primarily pharmacy-led (4, 5, 14,
22, 25) or involved clinical staff (10, 11, 26).

Activities typically involved a combination of pharmacy
(n=27)(2,3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 21, 22, 23, 24, 25, 26, 27, 28, 30), medicine (n = 24) (1, 2,
5,6,7,8,9,10, 11, 13, 15, 16, 17, 18, 19, 20, 21, 23, 24, 26, 27,
28, 29, 30), nursing (n = 19) (1, 3, 8, 9, 13, 14, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 29, 31) or physician assistant
students (n = 6) (4, 5, 17, 18, 23, 24) (Supplementary mate-
rial 3). Discrete studies also included other HCP students (12,
31). Seventeen studies included a combination of two profes-
sions (1, 2, 3,4, 7, 10, 11, 12, 14, 15, 20, 22, 25, 27, 28, 29, 30),
eight studies included three professions (5, 6, 8, 9, 13, 19, 21,
31), four involved four professions (17, 23, 24, 26) and two
involved up to seven professions (16, 18). Most activities
exclusively involved pre-qualification students from
a mixture of program years (n = 27), while the remaining
three activities involved pre-registration students learning
with post-registration clinicians (18, 21, 24). Assuming that
HCP courses are typically 4-5 years’ duration, most studies
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involved students in the senior stage of their HCP course (5,
6,7, 8,9, 12, 13, 14, 15, 26, 27, 28, 29, 30), some reported
a mixture (1, 4, 17, 19, 21, 23, 24, 31), a minority reported
junior level (3, 11, 20, 25) and three did not report this (16,
18, 22). One study enrolled pre-qualification students and
post-qualification students into separate learning activities
(27). Few studies explicitly reported that students had prior
IPE experience (3, 7, 12, 25), or prior medication-related skills
or knowledge, (1, 2, 3, 11, 24, 27, 29, 30, 31). Some studies
reported the basic knowledge between professional groups
varied (1, 3, 11, 21, 26, 30). Fifteen activities assigned pre-
activity preparation which was typically completed as self-
directed learning (1, 3, 4, 8, 10, 14, 17, 18, 21, 23, 25, 29, 30,
31) while in one study, nursing students were pre-assigned
experiential learning at a hospital (22).

Nine studies reported a theoretical or conceptual framework
to support planning the learning activity, including theories of
IPE (2, 30), simulation training (4, 7, 11, 14, 19, 21, 31), contact
theory (11, 26) and the Jigsaw learning technique (6).

Process - conducting learning activities

Activities were mostly classroom- or lecture theater-based (1,
5,6,9, 11, 12, 13, 16, 21, 22, 27, 28, 29, 30), used simulated
learning involving simulated patients, high fidelity manne-
quins or simulated practice environments (7, 8, 14, 17, 18, 19,
23, 31), a practice-based setting (2, 24, 25, 26), a virtual learning
environment (3, 4), a conference style (10, 11) or a non-patient
-facing hospital space (15). Eleven studies (ten activities)
reported a mandatory participation embedded within the cur-
riculum (2, 3, 8, 10, 11, 14, 18, 20, 28, 29, 30), eleven reported
voluntary or extra-curricular participation (1, 4, 7, 9, 15, 16, 17,
21, 22, 26, 27) and seven reported a mixed approach, with the
activity being mandatory for some learner groups and volun-
tary for others (5, 12, 13, 19, 23, 24, 25). In two reports it was
unclear whether participation was mandatory or voluntary (6,
31). Contact time for most activities was reported as hours (1,
4,5,6,12,13,14, 15,16, 18, 19, 20, 21, 23, 24, 25, 27, 28, 29, 30),
or day(s) (2, 8, 9, 10, 11, 22, 26) and four studies did not report
this detail (3, 7, 17, 31).

Several pedagogical methods were employed: social con-
struction of learning (1, 2, 4, 5, 6, 7, 8, 10, 12, 13, 14, 15, 17,
18, 19, 20, 21, 23, 24, 27, 28, 29, 30, 31); simulation-based
learning, including case-based learning (4, 5, 6, 7, 9, 10, 11,
12, 13, 14, 15, 16, 18, 20, 21, 27, 28, 30), role playing (3, 8,
10, 14, 17, 18, 19, 20, 23, 26, 28, 31), high-fidelity virtual
patient simulation (10, 11), and high-fidelity mannequins
and suites (19, 23); experiential learning in a clinical envir-
onment (2, 24, 25, 28) or a medication therapy management
call center (26). A minority of studies reported a didactic
element (1, 5, 6, 9, 10, 15), typically complementing
a simulation. Several studies employed group analysis and
reflection (2, 7, 18). Most activities assigned a group collec-
tive task, most commonly case management (4, 6, 8, 10, 11,
12, 13, 19, 21, 24, 26, 27, 29, 31), group presentation (1, 2, 5,
15, 30), error disclosure (17, 18, 23) or significant event
analysis (10, 11). Seven studies reported no group collective
task (3, 9, 14, 16, 20, 22, 25), while one study did not report
this detail (28).
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Students were typically organized into small IP groups of 2—-
4 members (2, 4, 14, 18, 19, 21, 23, 24, 28, 29, 30, 31) or larger
IP groups of 5-22 members (1, 5, 6, 8, 10, 11, 12, 13, 16, 17, 20,
22, 26). In one study students worked within their own profes-
sions and shared information asynchronously with another
profession but did not work together in interprofessional
groups (3). Some studies did not describe student groupings
(7, 9, 15, 25, 27). Faculty and/or clinical staff facilitated most
(n = 26) activities (1,2, 3,4, 5,6, 7, 8, 10, 11, 12, 13, 14, 16, 18,
19, 20, 21, 23, 24, 26, 28, 29, 30, 31). One activity tasked
pharmacy students to teach nursing students (70). Nineteen
activities were delivered to more than 100 students (1, 2, 3, 5, 6,
8,10, 11, 13, 14, 16, 17, 18, 20, 23, 28, 29, 30, 31), eight activities
to between 22 and 80 students (4, 9, 12, 15, 22, 24, 26, 27), one
pilot activity to eight students (21) and two studies did not
report this (7, 19).

Reported learning outcomes were exclusively IPE-related
(n=28) (8, 16,17, 18,19, 20, 25, 26), a mixture of IPE- and MS-
related (n = 6) (1, 2, 3, 11, 29, 31), exclusively MS-related
(n =3) (13, 28, 30), while 14 studies did not report any learning
outcomes (4, 5, 6, 7, 8, 9, 10, 12, 14, 15, 21, 22, 23, 24, 27). One
study reported separate learning outcomes for the medical
(MS- and IPE-related) and pharmacy students (MS-related)
(11). The IPE-related learning outcomes included: experien-
cing an interprofessional interaction (1), understanding of
other professions’ roles and responsibilities (2, 3, 11, 16, 17,
18, 20, 25, 26, 29, 31), teams and teamwork (2, 3, 11, 16, 17, 20,
25, 26, 31), appraising, reflecting on and evaluating practice
(13, 19), values and ethics, (3, 17, 25) and interprofessional
communication (3, 11, 16, 17, 18, 19, 20, 25, 26, 29). The WHO
Knowledge and Performance Learning Outcomes that mapped
to the reported MS-related outcomes were: know that use of
medicines is associated with risks (1), know common sources
of error (29), know the responsibilities associated with pre-
scribing and administering medication (3, 29), know the ben-
efits of a multidisciplinary approach to medication safety (2, 3,
11, 29, 31), know how to make medication use safer (11), do
tailor prescribing for each patient (1, 11, 13, 28), do practice
taking thorough medication histories (13, 29), do know which
medications are high risk (31), do be very familiar with the
medications he/she prescribes or dispenses (2), do develop
checking habits (2, 13), do report and learn from errors (11,
28) and do understand and practice drug calculations (13). The
remaining learning outcomes listed by the WHO in their
curriculum (Know: scale of medication error, how to recognize
common hazardous situations; Do: use memory aids) were not
evident in the activities described (WHO, 2009). The MS
learning outcomes addressed technical skills for three studies
(1, 11, 31) and a mixture of technical and non-technical skills
for six studies (2, 3, 13, 28, 29, 30).

One study reported formal summative assessment of learn-
ing the MS component (prescribing) and of medical students
and not pharmacy students (30). Most studies reported some
kind of formative assessment for learning, most commonly
using debriefing or other group feedback, model answers or
rubrics for faculty-, self- or peer-assessment, or performance
scores from faculty observation of team IP interactions (1, 2, 3,
4,6,7,8,10,11, 12, 13, 14, 15, 17, 18, 20, 21, 23, 24, 25, 26, 29,
30, 31). Three studies reported formative assessment and self-

evaluation of IPE-related learning outcomes (2, 16, 19), and
one assessed interprofessional performance during a team
activity using the Creighton Interprofessional Collaborative
Evaluation (C-ICE ©) instrument, however the mark did not
contribute to graded assessment (4). One study formatively
assessed students’ pharmacotherapy knowledge scores (22).
The subject of these assessments was generic interprofessional
skills (4, 5, 16), technical medication safety skills (1, 10, 13, 22,
24, 25, 30), non-technical medication safety skills (18, 31) or
some mixture of these (2, 3, 14, 17, 21, 23, 26).

Product - evaluating learning activities

Almost all studies variably used a combination of quantitative
and/or qualitative methods to investigate student opinions of
and satisfaction with the learning activity (n = 24) and attitudes
toward IPE (n = 20) (Table 1).

Opinions and satisfaction were captured quantitatively
using self-devised surveys (1, 2, 3, 4, 5, 6, 8, 12, 15, 17, 18,
23), and qualitatively using open-ended questions (2, 8, 10, 11,
16, 21, 26, 29, 30, 31), student reflections (4), focus groups (7,
13, 17), or semi-structured interviews (13, 14, 28).
Quantitatively, students were generally satisfied, with all post-
activity quantitative scores being high for student perception of
the activity (1, 5, 17), likelihood to recommend the activity (2),
mode of delivery (3, 4, 12, 18), increased practice confidence (3,
12) and usefulness for learning (6, 14, 15, 23, 24, 31). Two
studies reported that medical (5) and pharmacy (8) students
were less satisfied with the activity than their peers.
Qualitatively, students reported improved knowledge and
awareness of professional skills (2, 7, 14, 17, 21, 24) and
increased practice confidence (4, 8, 17, 30). Students were
complimentary about the learning experience (12, 13, 17, 21,
28, 31), the learning approaches (4, 8, 31), and the organiza-
tional and logistical oversight (10, 31). Single studies reported:
frustration amongst pharmacy students’ understanding of
what their roles were in the team environment (8), the proble-
matic absence of some professions (13), and dominance in
simulations by one professional group (17).

Attitudes toward IP collaboration were gathered quantita-
tively using self-devised (2, 8, 14, 26), and validated question-
naires (4, 5,9, 11, 15, 16, 19, 21, 22, 27, 29, 30) and qualitatively,
post-activity either through open-ended questions (1, 9, 10, 14,
30), student reflections (4), focus groups (7, 17) or semi-
structured interviews (14, 28). One study developed and vali-
dated the Student Acceptance of Interprofessional Learning
(SAIL-10) questionnaire (6). All but three activities (8, 11,
14), gathered quantitative data before and after the learning
activity and with the exception of one (26), all of these reported
improved attitudinal scores (4, 5, 6, 8, 9, 14, 15, 16, 19, 21, 22,
27, 29, 30). Hardisty et al., (13) collected a modified Readiness
for Interprofessional Learning Scale (RIPLS) but did not report
findings. One study administered a patient satisfaction survey
and reported a positive patient experience (26). Qualitative
data demonstrated that students valued learning collabora-
tively (2, 4, 10, 11, 16, 17, 28), improving understanding of
professional roles and dispelling stereotypes (7, 14, 26, 28, 30),
and realizing the importance of teamwork using realistic exam-
ples (9, 14). Students highlighted the issue of timing close to



that of other assignments or tasks as a negative aspect of IPE (1,
10, 14) and sought earlier IPE introduction within the curri-
culum (30). There was significant variability in the between-
profession differences reported amongst some studies, with no
clear patterns or trends observed (5, 9, 16, 17, 19, 21, 29).

Few studies reported, qualitatively (1, 2, 7, 8, 11, 21, 28) or
quantitatively (2, 8, 11, 15, 23, 29, 30), on outcomes specific to
medication safety. Both qualitatively (1, 2, 7, 8, 11, 21) and
quantitatively (8, 15, 29, 30) there were reports of student
participants’ sense of value of the learning activity on perceived
awareness, understanding, confidence and competence in MS
tasks. Individual studies reported on: student perceived learn-
ing gains across a range of technical and non-technical skills
(11), medical student participants’ application of learning
gained into practice (28), a significant pre-post activity increase
in participant self-rated ability to achieve the MS learning
outcomes (2), improvement in proficiency scores describing
a team’s medication error communication and disclosure per-
formance (23), and improved pharmacotherapy knowledge-
based scores (22, 31). Non-technical skills outcomes that were
evident in the review were: feeling more competent to colla-
boratively manage polypharmacy (2), shared mental modeling
(8), group error disclosure (17, 23), situation monitoring (19)
and collaborative case management (31). Patients in receipt of
an IP student delivered service agreed that it helped them with
their medication knowledge and self-management (26). One
study summatively assessed end of year medical student pre-
scribing knowledge and reported no significant difference
between students who received uni- or IP education (30).
Two studies performed in the patient-facing clinical setting
reported positively on student medication review performance
(2, 24).

Discussion

This review provides evidence that MS-focused IPE among
pre-qualification HCP students is feasible and can be delivered
virtually or in patient-facing, simulated or classroom-based
settings. Most activities involved medical, pharmacy and nur-
sing students and a minority involved other HCP students. Few
activities were integrated into the overall curriculum or formed
part of a wider IPE programme strategy. Most activities were
discrete events of hours” duration and reported assessment as/
for learning, while one study described formative assessment of
learning for one of the two professional groups involved.
Student satisfaction with the activities and their enhanced
attitudes toward IP working were commonly reported. The
review provided limited, low certainty evidence that MS-
focused IPE may improve students’ confidence and perception
of competence for performing technical medication tasks and
that it may improve medication knowledge scores and team
performance. There is an absence of evidence about whether
the gains seen with IPE were superior to uniprofessional edu-
cation, largely due to the descriptive, non-comparative study
designs employed.

The 3P theory has been widely used in IPE previously to
highlight information gaps and connections between phases
and provided a useful model to distinguish between different
factors that influence the planning, delivery and outcome of the
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educational activities in this review (Freeth & Reeves, 2004;
O’Leary et al., 2019; Reeves et al., 2016; Reeves & Freeth, 2006).
Profession-specific considerations in relation to knowledge,
skills, capabilities, experience, dominance and power observed
within the 3P framework may inform future MS-focused IPE
initiatives. Institutional and authority support (Carpenter &
Dickinson, 2016; Hean & Dickinson, 2005) at presage (Reeves
& Freeth, 2006) is important to foster positive intergroup
attitudes in IPE. Consistent with the wider IPE literature, and
without adding anything new specific to medication safety,
logistics, timetable alignment, timing of IPE relative to assess-
ment periods, cross-institutional working and staff commit-
ment were all highlighted in this review (Achike et al., 2014;
Bridgeman et al,, 2018; Ernawati et al., 2015; Guilding et al,,
2018; Guirguis et al., 2020; Kayyali et al., 2019; Nagge et al,,
2017; Shelvey et al., 2016). Faculty relationships and context
priorities for delivering IPE may positively (Achike et al., 2014;
Chua et al,, 2019; Hardisty et al., 2014; Nagge et al., 2017) or
negatively (Begley et al.,, 2019; Ragucci et al,, 2016; Rotz &
O’Neill, 2020) influence student engagement and learning.
Choices around teaching space (Guilding et al., 2018) and
mode of delivery (Bartlett & Kinsey, 2020; Begley et al., 2019)
were dependent on learner numbers and geographical issues,
often blurring the lines between presage and process. In terms
of information gaps, faculty characteristics involved in activity
development and facilitation were frequently poorly reported
(Anderson & Lakhani, 2016; Bartlett & Kinsey, 2020; Chua
et al,, 2019; Cooke et al., 2017; Guirguis et al., 2020; Kostas
et al., 2018; Marshall et al., 2020; Ragucci et al., 2016; Rotz &
O’Neill, 2020; Seselja Perisin et al., 2019; Shelvey et al., 2016)
and there was limited emphasis on facilitator preparation and
training: a planning oversight which will compromise the
sustainability of MS-focused IPE within these institutions.
IPE is ideally planned in a collaborative manner, involving
all relevant professions and stakeholders, with an agreed IPE
strategy that meets different programmes’ expectations (Barr
et al,, 2016). Collaboration was evident in this review through
IP activity planning working groups (Achike et al., 2014;
Bartlett & Kinsey, 2020; Guilding et al., 2018, 2020; Langford
et al., 2020; Motycka et al., 2018; Nagge et al., 2017; Paterson
etal.,, 2015; Schussel et al., 2019; Stewart et al., 2010; VandeWaa
et al.,, 2019), embedding the activity as core curriculum in all
participating programmes (Anderson & Lakhani, 2016; Bartlett
& Kinsey, 2020; Cooke et al., 2017; Guilding et al., 2020;
McDonough et al.,, 2017; Nagge et al., 2017) and IP faculty
facilitation (Achike et al., 2014; Bartlett & Kinsey, 2020;
Bridgeman et al., 2018; Chua et al.,, 2019; Hardisty et al,
2014; Kayyali et al., 2019; McDonough et al., 2017, p. 24;
Stewart et al., 2010; VandeWaa et al., 2019). Issues occurred
where planning was driven-by or prioritized for one profes-
sion: MS-focused IPE which pertained to pharmacy curricula
(Begley et al., 2019; Ragucci et al., 2016), was developed and
facilitated primarily by pharmacy faculty (Begley et al., 2019;
Bridgeman et al., 2018) or was voluntary for non-pharmacy
students (Begley et al., 2019; Bridgeman et al., 2018; Ragucci
et al,, 2016), experienced scheduling (Bridgeman et al., 2018)
and engagement issues (Begley et al., 2019; Ragucci et al., 2016)
from non-pharmacy professions, who also reported less satis-
faction (Bridgeman et al., 2018; Ragucci et al., 2016), poorer
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attitudes (Bridgeman et al., 2018) and inferior learning (Begley
et al,, 2019). In contrast, MS-focused IPE which were part of
a medicine-focused strategy (Achike et al., 2014; Anderson &
Lakhani, 2016), actively involved medical faculty during plan-
ning (Achike et al., 2014; Chua et al., 2019; Hardisty et al., 2014;
Nagge et al., 2017) or were timed to align with experiential
learning within the medical curriculum (Anderson & Lakhani,
2016; Kostas et al., 2018; Reumerman et al., 2021; Stewart et al.,
2010) seemed to elicit comparable reactions and attitudes from
both medical students and other professions, however often
failed to consider the prior experience and curricula of other
professions (Achike et al., 2014; Chua et al., 2019; Stewart et al.,
2010). Medicine faculty involvement in IPE can be limited in
comparison to other professions, particularly if there is
a perceived threat to power balance or traditional medical
hierarchy (Baker et al., 2011). Pharmacy leadership may be
perceived as this threat to hierarchy, leading to poorer faculty
collaboration, which further manifests in medical student
engagement and outcomes (Begley et al., 2019; Bridgeman
et al.,, 2018; Ragucci et al., 2016). Nursing participation and
evaluation was sometimes undervalued due to absence of nur-
sing faculty involvement at presage (Hardisty et al., 2014;
Kayyali et al., 2019; Rotz & O’Neill, 2020), voluntary student
participation and underrepresentation (Achike et al., 2014;
Hardisty et al.,, 2014; Rotz & O’Neill, 2020; Stewart et al,,
2010), under-preparation (Achike et al., 2014) and compro-
mised data collection (Kayyali et al., 2019; Marshall et al., 2020;
Ragucci et al., 2016; Stewart et al., 2010). Therefore, meaningful
engagement of medicine faculty, without compromise to the
collective leadership of other professions at presage, may sup-
port the acquisition of outcomes which are consistent across
professions and approaches which are sustainable in the longer
term (Guilding et al., 2018, 2020; Paterson et al., 2015; Taylor
et al,, 2012). The challenges of achieving a common IPE strat-
egy across several professions are manifold as evidenced
through the implementation of several extra-curricular activ-
ities, where all or some students volunteered to participate
(Achike et al., 2014; Begley et al., 2019; Bridgeman et al,,
2018; Cooke et al., 2017; Ernawati et al., 2015; Hardisty et al,,
2014; Langford et al., 2020; Marshall et al., 2020; Paterson et al.,
2015; Powell et al., 2020; Ragucci et al., 2016; Reumerman et al.,
2021; Rotz & O’Neill, 2020; Schussel et al., 2019; Seselja Perisin
et al., 2019). Student feedback called for more IPE experiences
within their curricula (Langford et al., 2020; Motycka et al.,
2018) and clear vertical and horizontal approaches to IPE
within their own programmes (Taylor et al., 2012). These
shortcomings may impact engagement and sustainability, par-
ticularly if a strategy is focused exclusively on the curricular
needs of just one programme. Future work should explore
ways to embed MS-focused IPE within a programmatic IPE
strategy and how to foster equitable institutional support
across participating faculty.

IPE is grounded in contact theory, the notion that bringing
individuals of diverse backgrounds together can modify (posi-
tively or negatively) stereotypes and attitudes toward ingroups
and outgroups (Carpenter & Dickinson, 2016; Hean &
Dickinson, 2005). Intergroup contact anxiety should be con-
sidered both as a result of and a determinant of communica-
tion and teamwork in the context of non-technical skills

learning in health safety (Gordon et al., 2017). The principle
of least interest suggests that those who have the greatest power
are the least likely to collaborate with one they view as inferior
(Seselja Perisin et al., 2019). The findings in this review add to
the evidence that the assurance of equal status, and the avoid-
ance of competition between groups is necessary to nurture
positive intragroup relations and facilitate learning.
A mismatch in professional groups’ prior learning related to
technical medication skills (Schussel et al., 2019), IPE experi-
ence (Ragucci et al.,, 2016), non-technical skills (Curley et al,,
2018), or exposure to clinical practice settings (Anderson &
Lakhani, 2016) was associated with negative findings such as
limited change in IP attitudes (Schussel et al., 2019), compro-
mised self-reported learning scores (Ragucci et al., 2016), lower
satisfaction with the learning activity (Curley et al., 2018), and
student perceived mismatch in capabilities (Anderson &
Lakhani, 2016). Unbalanced alignment of participant profes-
sional roles with activity focus or tasks was associated with
compromised IPE acceptance scores (Chua et al., 2019), self-
confidence (Bartlett & Kinsey, 2020) and frustration with the
lack of role clarity in the team environment (Curley et al,
2018). The provision of pre-activity preparation material sup-
ports each student group to bring what they have learnt in their
uni-professional curriculum to and share it with other groups
so that they learn with, from and about each other interpro-
fessionally (Bartlett & Kinsey, 2020; Guilding et al., 2018;
Marshall et al., 2020; McDonough et al., 2017; Paterson et al.,
2015; Schussel et al., 2019; Stewart et al., 2010; Taylor et al,,
2012; VandeWaa et al., 2019). Failure to provide preparation
material to nursing students hindered their involvement in
a workshop activity with medicine (Achike et al., 2014).
Although Guilding et al, considered contact theory during
presage, they reported that lack of engagement by some stu-
dents compromised the experience and perceptions of IP attri-
butes for others (Guilding et al., 2018, 2020). They propose
explicit uniprofessional education on professional identity for-
mation before IPE as a method to influence students’ expecta-
tions and experiences when they do come together in IPE. The
findings in this review therefore endorse the contact theory
that bringing diverse groups together can either positively or
negatively affect attitudes and stereotypes and demonstrate
that planning and pre-activity preparation should assure that
the activity facilitates equal status by matching each profes-
sional group’s capacity, by the content being understandable
and interesting to all, and the tasks being within their capabil-
ity. Further, specific to MS-focused IPE, it suggests that match-
ing may need to consider the groups’ prior learning across
multiple variables: professional identity formation; technical,
non-technical and IP skills and prior exposure to clinical prac-
tice settings, so as to support positive contact.

In the ideal, assessment should drive learning and align with
learning outcomes (Scott, 2020) to enable meaningful learner
engagement. One study in this review presented formal (sum-
mative) assessment of individual student learning of prescrib-
ing knowledge (matching questions) and performance
(objective structured clinical exam), with the potential to
appraise both technical and non-technical skills, and aligned
with the reported learning outcome (Taylor et al., 2012).
However, although most studies reported on some degree of



formative individual or collective assessment as/for learning
(Achike et al., 2014; Anderson & Lakhani, 2016; Bartlett &
Kinsey, 2020; Begley et al., 2019; Bridgeman et al., 2018;
Cooke et al., 2017; Curley et al., 2018; Marshall et al., 2020;
McDonough et al,, 2017; Motycka et al., 2018; Nagge et al,,
2017; Paterson et al., 2015; Reumerman et al., 2021; Rotz &
O’Neill, 2020; Seselja Perisin et al., 2019; Taylor et al., 2012;
VandeWaa et al., 2019), only some of them described learning
outcomes (Achike et al.,, 2014; Anderson & Lakhani, 2016;
Bartlett & Kinsey, 2020; Curley et al., 2018; Hardisty et al,
2014; Marshall et al., 2020; McDonough et al., 2017; Nagge
et al, 2017; Rotz & O’Neill, 2020; Taylor et al, 2012;
VandeWaa et al,, 2019). Some studies reported assessment as/
for learning, in the absence of reported learning outcomes
(Begley et al., 2019; Bridgeman et al., 2018; Cooke et al., 2017;
Guilding et al., 2018; Guirguis et al., 2020; Kayyali et al., 2019;
Paterson et al., 2015; Powell et al., 2020; Ragucci et al., 2016;
Seselja Perisin et al., 2019) and a minority reported neither
learning outcomes nor any assessment as/for learning
(Ernawati et al., 2015; Kostas et al., 2018). For some studies,
the focus of the assessment differed from the reported learning
outcomes, for example, defining IP learning outcomes and
providing feedback on individual technical medication skills
(Bartlett & Kinsey, 2020; Curley et al., 2018; Rotz & O’Neill,
2020). These mismatches between learning outcomes and
assessment approaches potentially disable student engagement
and development because it is unclear what knowledge, skills
or behavior the learning activity seeks to develop. The absence
of formal, summative assessment is not surprising and is
indeed potentially appropriate given the duration of the
reported activities, typically described as hours, with a small
minority running over 1-3 days. Most studies reported the
session contact hours, as distinct from the learning hours
inclusive of (self)-directed learning. Assessment of IPE at
undergraduate level is challenging, and the formative assess-
ment methods described in this review appeared on the whole
to align with current guidance (Rogers et al., 2017). Future
activities should define learning outcomes and associated
assessment approaches, and signpost how and if engagement
in a discrete MS-focused IPE activity contributes to the lear-
ner’s overall programme development.

Seminal investigations into the causes of medication errors
identify inadequate intra- or interprofessional communication
and teamworking as frequent contributory factors (Dornan
et al,, 2009; Ryan et al., 2014). Therefore, the nature of how
groups of students interact and co-operate, and how this is
assessed, may be important to drive the development of non-
technical skills and collective performance required to develop
future safe medication practices and medication safety
(Dearden et al., 2015; Gordon et al., 2015). This also aligns
with two conditions of the contact hypothesis, as applied to
IPE, necessary to reduce negative intergroup attitudes and
stereotypes: (1) groups should have common goals and (2)
should co-operate, not compete. Most activities (n = 21) in
this review reported assigning a collective task to the IP group
(Achike et al., 2014; Anderson & Lakhani, 2016; Begley et al.,
2019; Bridgeman et al., 2018; Curley et al., 2018; Guilding et al.,
2018, 2020; Guirguis et al., 2020; Hardisty et al., 2014; Kostas
et al, 2018; Marshall et al., 2020; McDonough et al., 2017;
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Motycka et al., 2018; Paterson et al.,, 2015; Ragucci et al,
2016; Reumerman et al., 2021; Schussel et al., 2019; Seselja
Perisin et al., 2019; Stewart et al., 2010; Taylor et al,, 2012;
VandeWaa et al,, 2019), including group case management,
group presentation, group error disclosure or significant event
analysis. Most (n = 14) of these formatively assessed group
efforts, typically using discussion, feedback and debriefing
(Anderson & Lakhani, 2016; Begley et al., 2019; Chua et al.,
2019; Curley et al,, 2018; Marshall et al., 2020; McDonough
et al,, 2017; Motycka et al., 2018; Paterson et al., 2015; Ragucci
et al.,, 2016; Reumerman et al., 2021; Schussel et al., 2019;
VandeWaa et al.,, 2019), in one case by application of the
group’s treatment plan to a SimMan (Guilding et al., 2020)
and in another using a validated tool to assess and provide
feedback on team performance (Begley et al., 2019). Some of
these studies also evaluated the group effort and reported this
as a study outcome measure: assessing team proficiency
(Ragucci et al., 2016), administering tools to assess perceptions
of interprofessionalism, collaboration or teamwork before and
after the intervention (Begley et al., 2019; Curley et al., 2018;
Kostas et al., 2018; Motycka et al., 2018; Reumerman et al,,
2021; Schussel et al., 2019). In several evaluations, the baseline
scores were so high as to limit the potential to observe any
intervention-related improvement (Kostas et al, 2018;
Motycka et al., 2018; Schussel et al., 2019). Assessment of IPE
in pre-qualification courses should preferably consider both
individual and collective performance (Rogers et al., 2017).
Little is known about how best to assess medication safety at
pre-qualification stage. The WHO patient safety curriculum for
improving medication safety describes individual, not collec-
tive, knowledge- and performance-related learning outcomes
(WHO, 2009). The UK pre-qualification national prescribing
safety assessment focuses on individual, technical prescribing
performance (Maxwell et al., 2017). Published consensus on
learning outcomes to enhance non-technical skills in the con-
text of medication safety largely relates to individual perfor-
mance in a collective setting (Gordon et al., 2015), although
there is a lack of consensus on how to assess non-technical
skills in undergraduate medical education (Gordon et al,
2019). Research should focus on defining the skillset (indivi-
dual and collective skills, technical and non-technical), the
associated learning outcomes and assessment approaches
necessary in pre-qualification HCP courses to support future
IP practice and medication safety post-qualification.

There is limited evidence within this review that learning
which was designed at presage or process with a theoretical
basis was more likely to advance learning: two studies designed
the activity on an IPE theoretical framework, constructed the
activity around sound pedagogical approaches, building on
prior knowledge, scaffolding the learning. These studies
demonstrated positive alignment between learning outcomes,
assessment approaches and provided evidence of actual or
perceived learning development (Anderson & Lakhani, 2016;
Taylor et al., 2012); six studies designed the activity around
simulation-based learning theoretical frameworks and showed
evidence of congruence between learning outcomes, nature of
student engagement and interaction with and during the activ-
ity, assessment approaches and learning evaluation (Begley
et al., 2019; Cooke et al., 2017; Kayyali et al., 2019; Motycka
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et al,, 2018; Paterson et al., 2015; VandeWaa et al., 2019). These
six studies all presented evidence of perceived or actual learn-
ing development. A greater proportion of the theory-based
activities, compared to those without, presented a patient-
centered focus (Table 1). The evidence in this review supports
the assertion that theory-based IPE design and delivery, within
presage and process, enables more effective product: the devel-
opment and evaluation of learning, albeit that such planning is
intellectually rigorous and time consuming (Hean et al., 2012).
It follows, therefore, that for higher education institutions to
deliver effective MS-focused IPE, they should invest in and
resource faculty’s time and efforts to do so.

The 3P product findings reported within this review identify
that there is limited, low certainty evidence that MS-focused
IPE was no less effective (non-inferior) to uniprofessional
education regarding individual technical medication safety
performance (Taylor et al.,, 2012) and group performance
(Ragucci et al., 2016) and that MS-IPE carries the potential to
influence IP competence, MS-related technical or non-
technical skills. It has been recommended that systematic
reviews of learning should elucidate how, why, when and for
whom educational interventions work (Gordon et al., 2017;
Wong et al.,, 2012). The evidence presented here is limited in
this regard. Additionally, quality assessment highlighted an
absence of rigor, particularly to qualitative data collected
(Begley et al,, 2019; Hardisty et al.,, 2014; Reumerman et al,,
2021; Taylor et al., 2012; VandeWaa et al., 2019), and a lack of
triangulation between qualitative and quantitative data sources
in mixed-methods designs (Begley et al., 2019; Ernawati et al.,
2015; Guirguis et al., 2020; Hardisty et al., 2014; Reumerman
et al., 2021; Taylor et al., 2012; VandeWaa et al., 2019).
Although it is beyond the scope of this review to appraise the
choice of instrument to measure perceptions of teamwork,
collaboration and interprofessionalism, it is worth noting that
several of the applied tools identified baseline scores at the
upper end of the range. It is unclear whether this reflects on
the validity of the tool or the students’ baseline development.
This review reports on literature published before
October 2020 and it is possible that material that emerged in
the year following has been omitted. Future scholarly research
on MS-focused IPE should address these gaps at study design,
to reduce planning oversights and improve the validity of
learning and evaluation outcomes. The protocol for this sys-
tematic review was not pre-registered and although available
from the authors, the absence of pre-publication potentially
lessens the credibility of the reported methods and findings.

Conclusion

The evidence presented in this systematic review shows that MS-
focused IPE for pre-qualification HCPs may support the acquisi-
tion of technical and non-technical skills aligned with medica-
tion safety. Careful planning is required to ensure matching of
students” and groups’ technical and non-technical skills, profes-
sional identity and learner attributes to enhance learning in an
interprofessional setting. Overcoming challenges to embedding
MS-focused IPE into the standard curricula is necessary to
optimize constructive alignment, learner engagement, quality
and drive development. Future work should define the required

skillset in pre-qualification HCP programmes to facilitate future
safe medication practice, together with the associated learning
outcomes and assessment approaches. Higher education institu-
tions should consider the support available to faculty and clinical
staff to plan, deliver and evaluate MS-focused IPE and optimize
the visibility of and access to this support to students and faculty
alike. There is room to improve the quality of scholarly studies
examining these MS-focused IPE by employing comparative
study design, selecting valid and reliable outcome measures
and evaluating learning and development outcomes.
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