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Abstract

Background Understanding the roles and competencies of professions outside of one’s specialty is essential for pro-
viding efficient healthcare. However, it is difficult for medical professionals to understand the roles and competencies
of other related professions while performing their duties. This study examined the impact of clinical practice-based
interprofessional education (IPE) on pharmacy students, who are future medical professionals.

Methods Sixty-eight pharmaceutical students undergoing clinical practice were divided into non-IPE or IPE groups,
with the IPE group attending an educational program with medical students conducted by doctors, pharmacists,
and teachers during the clinical practice period. The effect was evaluated through a group survey using self-admin-
istered questionnaires focusing on contributing to multidisciplinary team medicine based on the Readiness for Inter-
professional Learning Scale. The survey included specific behavioral objectives (SBOs), the Readiness for Interpersonal
Learning Scale (RIPLS), and Kikuchi's Scale of Social Skills (KiSS-18).

Results Regardless of group, SBOs [non-IPE: 3.2, 95% Cl (2.6-3.8), p <0.001; IPE: 3.7,95% Cl (2.5-4.9), p < 0.001]

and social skills [non-IPE: 4.0, 95% Cl (2.5-6.1), p<0.007; IPE: 6.7 95% Cl (3.0-10.4), p < 0.001] showed improvement
after the clinical practice. In RIPLS Factor 3, pharmacy students with IPE awareness scored significantly higher by 1.5
points [95% Cl (0.2-2.8), p=0.025] post-practice than those without IPE awareness.

Conclusions This study suggests that IPE for students during clinical practice could enhance their expertise in multi-
disciplinary medicine and facilitate the development of seamless team care in the future.

Trial registration This study was retrospectively registered and conducted in compliance with the “Ethical Guidelines
for Medical Research Involving Human Subjects”and was approved by The Ethics Committee of Tokushima University
Hospital (approval number: 3544).
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Background

Medical professionals contribute to the healthcare sys-
tem by utilizing expertise acquired during their uni-
versity years. In recent years, collaboration among
multidisciplinary professionals has become common
owing to the worldwide promotion of team medicine
[1]. However, the expertise required from medical pro-
fessionals is becoming more complex in the context of
advanced medical care [2]. For instance, pharmacists
are expected to carry out interpersonal tasks, formulate
drug therapy plans, and assess the potential therapeutic
effects and side effects of these plans. In Japanese medi-
cal colleges, students acquire a comprehensive under-
standing of various fundamental disciplines such as
physiology, pharmacology, chemistry, physics, pharma-
ceutical formulations, and ethics.

In addition, students undergo simulated patient care
preparation for clinical practice. Although such knowl-
edge is necessary for team medicine, the students have
few opportunities to understand the importance of col-
laboration and how the knowledge they acquire during
school is applicable in clinical situations. Furthermore,
learning in the limited space of a university provides
few opportunities to study in collaboration with other
medical professionals and students. Further, there are
few opportunities to experience collaboration among
people from different professions. Understanding the
duties and capabilities of related occupations is dif-
ficult, making role-sharing increasingly challenging.
We considered that this difficulty can be addressed
through interprofessional education (IPE), which
allows students to learn about collaboration with
other professionals [3] in clinical practice with medical
professionals.

IPE has been incorporated into the curricula of sev-
eral universities and has been studied from various per-
spectives [4—7]. Several scales have been used to assess
IPE implementation in university education, such as the
readiness for interprofessional learning scale (RIPLS) for
readiness and orientation toward IPE [8] and Kikuchi’s
scale of social skills (KiSS-18) for communication skills
essential for multidisciplinary collaboration. For example,
previous studies focusing on medical students (e.g., med-
ical, dental, nurse, pharmacy, and clinical nutrition) have
evaluated the impact of IPE on attitudes toward team
medicine by conducting IPE and assessing the results
with RIPLS [9-11]. Gifu Pharmaceutical University
conducts IPE in collaboration with Gifu University and
Heisei Medical College and evaluates its effects on phar-
macy students using RIPLS and KiSS-18 [12]. In addition,
Chiba University has been conducting IPE during hos-
pital training of pharmacy students since 2007 and has
reported their efforts [13].
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Although the impact of IPE on students’ learning atti-
tudes in universities is clear, there are limited opportuni-
ties to use today’s changing medical practice and patients
as subjects to implement a medical plan with other stu-
dent professionals that accurately consider clinical ques-
tions. In fact, few university employees work in hospitals,
so students often learn about clinical practice in environ-
ments disconnected from actual clinical settings. More-
over, the extent to which the education provided by the
universities benefits students in their clinical practice
or their work as medical professionals remains unclear.
Clinical practice helps students use the knowledge
acquired at university and experience how they should
behave as members of the medical profession when they
meet patients or medical staff. Moreover, a hospital-
based educational system may offer students opportu-
nities to experience clinical care through team-based,
student-led medical learning. Therefore, evaluating the
efficacy of IPE in clinical practice with medical profes-
sionals would immensely affect the evolution of team
medicine. Although the importance of IPE in clinical
practice and the factors it influences have been acknowl-
edged, the actual educational impact remains unclear
(14, 15].

This study thus evaluates the impact of medical staff
engaged in clinical work conducting IPE with students
at Tokushima University, Japan, as part of their training.
Specific behavioral objectives (SBOs) related to partici-
pation in team medicine from the 2013 revision of the
Model Core Curriculum for Pharmaceutical Education,
KiSS-18, and RIPLS were used to evaluate the difference
in the assessment results before and after the training.

Methods
Study design and participants
This observational study evaluated the impact of IPE on
pharmacy students in clinical practice. Participants com-
pleted self-administered questionnaires assessing the IPE
program before and after a hospital internship. The ques-
tionnaires were distributed and collected by the faculty.
A total of 68 fifth-year pharmacy students at the Uni-
versity of Tokushima who underwent hospital practi-
cal training at the Tokushima University Hospital in the
2018-2019 academic year were included in the study.
None of the students had any experience with IPE pro-
grams. Before inclusion, the purpose, methods, risks and
benefits, protection of personal information, modifica-
tion or discontinuation of the study, handling of research
results, consent and withdrawal, and conflicts of interest
regarding the study were explained to all participants.
The study was conducted in compliance with the Ethical
Guidelines for Medical Research Involving Human Sub-
jects and with the approval of The Ethics Committee of
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Tokushima University Hospital (approval number: 3544).
We informed the participants in writing that their partic-
ipation in the study would not affect their academic per-
formance and obtained their written consent.

The participants learned the required clinical training
curriculum set by the government, that is, the knowledge
and skills of the basic tasks required for hospital pharma-
cists and patient care, irrespective of consent. IPE was
conducted with physicians and sixth-year medical stu-
dents in the Department of Respiratory Collagen Disease,
who provided their consent to participate. Therefore, 13
pharmacy students who accepted practical training in the
Department of Respiratory and Collagen Diseases con-
sented to participate in IPE. The remaining 55 students
were non-IPEs, intervening in patient care that included
collaboration with other healthcare professionals, both
ward pharmacists and other healthcare professionals,
to minimize the differences in educational content. The
IPE program was implemented as part of students’ clini-
cal training, with participants randomly assigned 1:1 to
a pharmacist for practice. The random allocation was
blinded, ensuring that the selection process was objective
and not influenced by students’ preferences or motiva-
tions toward team-based medicine. This minimized the
risk of selection bias, where highly motivated students
might have preferentially joined the IPE group. Addition-
ally, we reviewed the GPA of both groups and found no
significant differences, further validating our results.
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Although COVID-19 began to spread in 2019, it did
not affect the facilities where this study was imple-
mented, and all procedures were carried out in accord-
ance with the research plan. Medical students enrolled in
the Faculty of Medicine at Tokushima University during
the clinical training period were included in the study.
Three pharmacists, one physician in the Department of
Respiratory Collagen Disease, and two Tokushima Uni-
versity Hospital faculty members were responsible for
conducting the IPE.

Contents of IPE

In IPE, a patient admitted to the Department of Res-
piratory and Collagen Diseases at Tokushima Univer-
sity Hospital during practical training was used as a case
for planning medical care. At the time of admission, the
patient consented to students’ participation in the medi-
cal procedures for the purpose of clinical education.
A group of two to three pharmacy students and two to
three medical students discussed the treatment and care
for effective patient discharge and the post-discharge
treatment and care for them and their families. The train-
ing was divided into two sessions—orientation and prac-
tical training—with around a week gap between them
(Fig. 1). The orientation consisted of (a) an introduction
of the mentor/self-introduction (15 min.), where the
mentor and the students briefly introduced themselves;
(b) an explanation of IPE outline and its significance

Contents of the IPE Program
Practical training

a Introduction of the mentor
@ /self-introduction

b. Explanation of the outline

and significance of IPE
L

C. .
Selection of cases for

$ training

d. Explanation of the
@ patient's condition at the
time of admission by
pharmacy students

e. Explanation of the current

treatment by medical

students

f.  Question and answer

session with other

undergraduate students

8- Planning the treatment
@ plan after discharge

L 4

h.
Feedback from mentor

Fig. 1 Clinical practice-based-IPE program. The plan implemented in this study is shown in the figure; the IPE program was developed over three

orientation sessions and five training sessions
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(10 min.), where the mentor explained the day’s training
schedule and the implication of IPE; and (c) selection of
cases for training (20 min.), where the mentor and the
students selected suitable cases for practice among the
cases that the students were already in charge of. For
the selected case, each student had to check the patient’s
medical record and understand their condition. The
practical training consisted of (d) an explanation of the
patient’s condition at the time of admission by pharmacy
students (5 min.), where they explained the details of the
initial interview, such as the medication status and his-
tory that might affect the treatment; (e) an explanation
of the current treatment by medical students (15 min.),
where they explained the treatment progress before and
after hospitalization, including diagnostic imaging; (f) a
question-and-answer session with other undergraduate
students (15 min.), where the students asked their que-
ries; (g) development of a post-discharge treatment plan
(15 min.), which identified and discussed the problems
in home life and outpatient care; and (h) feedback from
a mentor (10 min.), where teachers gave feedback to the

group.

Survey items

The survey items were SBOs, KiSS-18, and RIPLS. The
survey was administered to the non-IPE and IPE groups
before and after training. Questionnaire responses were
obtained from all participating students for pre-educa-
tion data after consent was obtained and for post-edu-
cation data following IPE implementation. The contents
of the team medicine SBOs, KiSS-18, and RIPLS are
presented in Table 1. A five-point Likert scale was used
for the SBOs, KiSS-18, and RIPLS. For RIPLS, the fac-
tors were Factor 1: Teamwork and collaboration; Factor
2: Understanding the need for IPE; and Factor 3: Profes-
sionalism in the profession [16].

Factor 1 was categorized into items 1-9 and 13-16;
Factor 2 into items 10 and 11; and Factor 3 into items 12
and 17-19. They were evaluated based on the total score
of each category. Items 10-12 and 17-18 were reversed
items.

Statistical analysis

The questionnaires were collected by using students’
attendance numbers for identification. The informa-
tion was anonymized after collection by setting a differ-
ent identification number and using it for analysis. Only
responses from participants who completed all survey
items were included in the analysis. Incomplete or miss-
ing responses were excluded to ensure data reliability
and validity. This exclusion criterion was applied uni-
formly across both the IPE and non-IPE groups to main-
tain the integrity of the comparisons made in the study.
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The pre- and post-practice ratings of the SBOs, KiSS-18,
and RIPLS were compared. For each dependent variable
(SBOs, KiSS-18, and RIPLS Factors 1-3), a linear mixed
model analysis was conducted with the research partici-
pant as the variable factor, and the time factor (before
and after the training), the group (non-IPE vs. IPE), the
interaction term (group with time factor), and the value
of the dependent variable before training as fixed factors.
The effect size was evaluated by n The statistical signifi-
cance level was set at 0.05 on both sides. The statistical
software IBM SPSS Statistics v. 24.0 (IBM Corp., NY,
USA) was used for analysis.

Results

Participant characteristics

A total of 66 participants of the 68 students who had
undertaken practical training consented to participate in
this study [consent rate: 97.1% (66/68)]. Of these, 53 par-
ticipants in the non-IPE group and 13 in the IPE group
were analyzed. The non-IPE group included 19 men and
34 women, whereas the IPE group included 3 men and 10
women.

Effectiveness of the IPE program

The distribution of the continuous quantity data of SBOs,
KiSS-18, and RIPLS Factors 1-3 is presented in Table 2.
In both the groups, the SBO (non-IPE: 3.2, 95% CI: 2.6—
3.8; IPE: 3.7, 95% CIL: 2.5-4.9), KiSS-18 (non-IPE: 4.3,
95% CI: 2.5-6.1; IPE: 6.7, 95% CI: 3.0-10.4), and RIPLS
Factor 1 (non-IPE: 2.1, 95% CI: 0.7-3.5; IPE: 4.8, 95% CI:
2.0-7.6) rating scales were significantly higher after prac-
tice (Table 3). RIPLS Factor 2 was not rated significantly
differently before and after the training, regardless of
IPE. RIPLS Factor 3 of the IPE group showed a similar
scale in the non-IPE group, whereas a significant increase
was detected in the former (p=0.004). In RIPLS Factor
3, there was a 1.5 (95% CI: 0.2-2.8) point increase in the
amount of change before and after the training between
the IPE and non-IPE groups (Table 4). This result indi-
cates a significant intervention effect of IPE for RIPLS
Factor 3 (p=0.025, n>=0.08).

Discussion

First, we analyzed the skewness and kurtosis values
presented in Table 2 and found both to be within the
generally accepted range of + 2, indicating a normal distri-
bution. This suggests that the data distribution does not
significantly deviate from normality, allowing us to confi-
dently use parametric tests to interpret the results. Given
the nature of self-reported questionnaire data, slight vari-
ations in skewness and kurtosis were expected and fac-
tored into our analysis. After evaluating the effectiveness
of practical IPE training for pharmaceutical students by
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Table 1 Survey items

SBOs (team medicine)

1 To be able to explain the role and importance of pharmacists in team medicine
2 To be able to explain the purpose and composition of various medical teams and the roles of their members
3 To be able to explain the significance and specific methods of medical cooperation between hospitals and the com-

munity (collaborative clinical path, joint guidance at the time of discharge, hospital-pharmacy cooperation, cooperation
with related facilities, etc))

4 To be able to explain the significance and specific methods of cooperation between hospitals and the community (col-
laborative clinical path, joint guidance at the time of discharge, hospital-pharmacy cooperation, cooperation with related
facilities, etc.)

KiSS-18

1 Are you a person who is not easily distracted when talking with others?

2 Do you have the ability to tell others what you want them to do?

3 Do you do a good job of helping others?

4 Are you able to calm others down when they are upset?

5 Can you start a conversation with a stranger quickly?

6 Are you able to handle problems that arise with people around you?

7 When you feel scared or frightened, can you handle it well?

8 Can you reconcile with people with whom you have had an unpleasant experience?

9 Can you decide what to do and how to do it when you are working (studying)?

10 Do you feel comfortable participating in conversations with others?

11 Do you have the ability to handle situations where others take refuge?

12 Are you able to quickly identify problems in your work (or studies)?

13 Are you able to express your emotions and feelings honestly?

14 Are you able to handle conflicting stories from all over the place?

15 Are you able to introduce yourself well to new people?

16 Are you able to apologize immediately when you make a mistake?

17 Can you get along well with people around you even if they have ideas that differ yours?

18 Do you find it difficult to set goals for your work (or study)?

RIPLS

1 Learning with other students will help me become a more effective member of a health care team
2 Patients would ultimately benefit if healthcare students worked together to solve patient problems
3 Shared learning with other healthcare students will increase my ability to understand clinical problems
4 Learning with healthcare students before qualification would improve relationships after qualification
5 Communication skills should be learned with other healthcare students

6 Shared learning will help me to think positively about other professionals

7 For small group learning to work, students need to trust and respect each other

8 Team-working skills are essential for all health care students to learn

9 Shared learning will help me understand my own limitations

10 | do not want to waste my time learning with other healthcare students

11 Itis not necessary for undergraduate healthcare students to learn together

12 Skills for solving clinical problems can only be learned with students from my own department

13 Shared learning with other healthcare students will help me to communicate better with patients and other professionals
14 I would welcome the opportunity to work on small-group projects with other healthcare students
15 Shared learning will help to clarify the nature of patient problems

16 Shared learning before qualification will help me become a better team worker

17 The function of nurses and therapists is mainly to provide support for doctors

18 I am not sure what my professional role will be

19 I have to acquire much more knowledge and skills than other healthcare students
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Table 2 Confirmation of the distribution of continuous quantity

data

Skewness Kurtosis
SBOs_pre -0.266 0.459
KiSS-18_pre 0.503 -0.064
RIPLS_Factor1_pre 0.581 -0.373
RIPLS_Factor2_pre -0.712 0.391
RIPLS_Factor3_pre 0.711 1.580

hospital pharmacists, students were found to differ in
their attitudes toward professionalism before and after
the training. Regardless of whether the students received
IPE, their understanding of the content of the SBOs, that
is, the “attitudes necessary for the practice of team medi-
cine,” improved because the self-evaluation of the team
medicine SBOs increased after training owing to clinical
experience. In addition, as the results for KiSS-18 show,
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gaining new relationships through practical training
led to improved social skills. RIPLS evaluation showed
that the understanding of teamwork, collaboration, and
the need for IPE was improved through ward practice.
Hence, the students recognized the importance of IPE
education, including those who did not receive IPE.

The increase of IPE training specificity was crucial to
professionalism. To understand the expertise of other
professions, ward practice without IPE was insuffi-
cient. However, IPE improved the evaluation of relevant
items. Since ward practice focused only on self-territory
occupation, the evaluation of relevant items may have
increased through actual discussions with various profes-
sionals during IPE. Students without these experiences,
including pharmacy and medical students, are typically
aware of their counterparts as professionals; however,
they lack an understanding of each other’s roles and abili-
ties [17].

Hospital practical training involving IPE helps under-

graduates understand the importance of specific
Table 3 Effect of hospital practice on each item
Non-IPE (n=53) IPE (n=13)
LS mean 95% Cl P-value LS mean 95% Cl P-value
(lower limit, upper (lower limit, upper
limit) limit)
SBOs
Before practice 12.7 (123—13.1) - 126 (11.8—13.3) -
After practice 15.9 (15.5—16.3) - 163 (15.5—17.0) -
Discrepancy 32 (26—3.8) <0.001 37 (25—4.9) <0.001
(after—before)
Kiss-18
Before practice 586 (57.3—59.8) - 58.5 (55.9—61.0) -
After practice 62.9 (61.6—64.1) - 65.2 (62.6—67.7) -
Discrepancy 43 (25—6.1) <0.001 6.7 (3.0—104) <0.001
(after—before)
RIPLS_Factor1
Before practice 534 (524—54.3) - 536 (51.7—55.5) -
After practice 555 (54.6—56.5) - 584 (56.5—60.3) -
Discrepancy 2.1 (0.7—3.5) 0.003 4.8 (2.0—7.6) 0.001
(after—before)
RIPLS_Factor2
Before practice 85 (8.2—8.8) - 8.6 (8.0—9.2) -
After practice 84 (8.1—8.7) - 9.2 (8.6—9.8) -
Discrepancy -0.1 (-0.5—0.3) 0.621 0.6 (-0.2—1.5) 0.159
(after—before)
RIPLS_Factor3
Before practice 14.1 (13.7—14.5) - 14.0 (13.2—14.7) -
After practice 14.3 (13.9—14.7) - 15.7 (14.9—16.5) -
Discrepancy 0.2 (-0.3—0.8) 0402 1.8 (0.6—3.0) 0.004

(after—Dbefore)

LS mean Least squares mean; 95% Cl 95% confidence interval
P-value: test for the time factor in a linear mixed model
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Table 4 Difference between the two groups (IPE-taking—IPE-
not-taking)

LSmean 95%Cl P-value  Effect size: n?

(lower limit,

upper limit)
SBOs 0.5 (-0.9—1.9) 0484 0.01
Kiss-18 24 (-1.7—6.5) 0.250 0.02
RIPLS_Factor1 26 (-0.5—5.8) 0.098 0.04
RIPLS_Factor2 0.7 (-0.2—1.7) 0.139 0.03
RIPLS_Factor3 15 (0.2—2.8) 0.025 0.08

LS mean Least squares mean, 95% Cl: 95% confidence interval
P-value: test for the interaction term (time factor* group) in a linear mixed model

professions and team medicine. Although hospital prac-
tice allows pharmacy students to cooperate with multiple
professionals, pharmacy students with no clinical expe-
rience have limited opportunities to engage with other
professionals during practice. Therefore, IPE programs
are designed at each facility and vary in terms of content
and duration [18]. This study was conducted during two
days of clinical training. Renschler et al. investigated the
short- and long-term effects of joint learning on team-
work and changes in attitudes toward professionalism
among medical students [19]. Their results suggested that
the alteration of students’ attitudes toward team medi-
cine is not affected by internship duration. This study
suggests that IPE may help overcome this problem, even
if the intervention is short.

There are some limitations to this study. First, there is
a difference in the number of participants between the
two groups. While it would be preferable to have simi-
lar numbers of participants in each group, medical and
pharmacy students require different clinical training pro-
grams, and it takes time to establish a cross-faculty learn-
ing system; as such, the IPE was limited to 13 students,
the maximum number that could be recruited. We are
planning a joint clinical practice program among fac-
ulty. Second, because the evaluation was conducted for
around 11 weeks, the educational effect on long-term
behavioral changes could not be measured. Thus, while
short-term improvements in social skills and interprofes-
sional collaboration were observed, the long-term impact
remains unclear. Factors other than practical training
could influence awareness and behavioral change over a
longer evaluation period. Hence, this analysis was con-
ducted before and after hospital training to eliminate the
effects of factors other than ward practice. Nguyen et al.
conducted an IPE program for students of medicine, oral
and orofacial medicine, preventive medicine, traditional
Vietnamese medicine, pharmacy, nursing, and mid-
wifery students [20]. The program included two lectures
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and eight practical sessions, covering a broader range of
disciplines and a longer duration than our study. All dis-
ciplines showed a significant increase in RIPLS scores fol-
lowing IPE. Although a direct comparison with our study
is challenging due to differences in the study design, the
mean total RIPLS score increased by 8 points after the
intervention.

Correa et al. examined the additional effects of active
learning and lectures on group-based IPE [21]. Their pro-
gram included 4 h per week over 12 weeks, consisting
of 2 h of classroom instruction and 2 h of home study,
a longer period than our setting. Although there were
no significant differences in knowledge between the two
groups, active learning tended to improve teamwork
abilities. They also assessed knowledge retention over
a 6-month period and found. No correlation between
knowledge mastery and time spent, reporting that
shorter, intermittent learning sessions are more likely
to promote long-term retention than longer continuous
learning periods [22]. The WHO describes IPE as occur-
ring when students from two or more professions learn
about, from, and with each other to facilitate effective
collaboration and improve health outcomes [23]. It also
highlights IPE as a preparatory step for health care pro-
fessionals to address community health care needs. This
suggests that our program might benefit from diversi-
fying participants and incorporating intermittent and
ongoing learning opportunities to enhance the educa-
tional experience. Finally, in hospitals, different con-
ditions (e.g., patient status, such as acute or chronic)
change the factors necessary for medical staff to com-
municate with each other [24, 25]. Hence, the learn-
ing effects found in this study need to be confirmed for
other diseases and over a longer study period. To ensure
the results were not affected by translating the scale
from English to Japanese, the questionnaire was back-
translated. Moreover, each scale used in the study has
international recognition and holds potential for global
applicability, as demonstrated in this study.

Conclusions

Collaboration with multiple professionals is essential
to coping with the ever-changing complexity of health-
care. Patient satisfaction is influenced by team medicine
[26]. To increase the number of medical professionals
with practical skills, it is important to consider how to
develop personnel who can respect others and find ways
to assist them from the early stages of their careers. This
requires theoretical and practical learning in clinical situ-
ations. In addition, students could observe and experi-
ence the behavior of medical staff in a team environment
during various medical situations in hospital setting. We
predict that medical staff conducting IPE training will be
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allowed to objectively reconsider their present teams. If
medical professionals regularly reviewing and revising
their team medicine practices would positively influ-
ence the medical community and the educational effect
on students. Further studies of other professionals, such
as nurses, nutritionists, and clinical laboratory techni-
cians, may provide more insight into practical education.
The results suggest that the clinical practice-based IPE
is effective in helping students learn more realistic team
medicine as they observe the decision-making processes
of other professionals and how pharmacists intervene
with patients and medical staff.

Abbreviations

IPE Interprofessional education

KiSS-18 18 Items of Kikuchi's scale of social skills
RIPLS Readiness for interprofessional learning scale
SBO Specific behavioral objective
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