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ABSTRACT

Objective: Interprofessional education (IPE) promotes effective collaboration among healthcare professionals and has
been increasingly implemented in Korea. And a Korean-style IPE assessment tool was recently developed but has not been
implemented in practice. Therefore, this study applied the newly developed assessment tool to real-life educational settings to
evaluate its effectiveness. Methods: Seven university departments participated in the IPE course. A total of 62 students and seven
professors used the IPE assessment tool, which was developed in a previous study, to evaluate the core IPE competencies, before
and after the program. Results: After the IPE course, the scores increased from 4.5 to 4.7 in the learning stage and from 4.4 to 4.7
in the behavior stage. Subsequent stage scores were also high: 4.7 in the reaction stage, 4.6 in the professor result stage, and 4.8
in the team member result stage. In the learning stage, ‘Values/ethics for inter-professional practic’ and ‘Roles/responsibilities,
significantly increased, and in the behavior stage, all competencies significantly increased. Learning, behavior, and reaction
stages were positively correlated, as were the four core competencies, with moderate-to-high correlations. Conclusions: In this
study, a newly developed Korean-style IPE assessment tool was evaluated, and it was confirmed that the IPE program at the
target university significantly improved the core competencies of participating students in the learning and action stages.

Key Words: Clinical competence, Co-operative behavior, Educational measurement, Inter-disciplinary communication,
Inter-professional education

Introduction

Interprofessional education (IPE) is a vital educational approach that enables healthcare professionals to work together more
effectively by learning from and about each other [1]. Gaining increasing attention in the healthcare field, this educational method
allows healthcare professionals to understand each other’s work and learn how to collaborate more effectively [1]. A study by
Hammick et al. [2] found that students who received TPE were more effective in clinical collaboration. Another study by D’Amour
and Oandasan [3] reported that healthcare professionals engaged in clinical practice who received IPE were able to better
understand each other’s roles, thus improving their teamwork, communication and collaboration skills. Accordingly, the World
Health Organization (WHO) has recommended that healthcare students implement IPE to foster collaborative relationships in the
future [4]. In addition, the Interprofessional Education Collaborative (IPEC) was established in the United States in 2009 by six
healthcare-related education associations to promote active learning. IPEC defined four core competencies for IPE (‘Values/ethics
for interprofessional practice, ‘Roles/responsibillities,” ‘Interprofessional communication, ‘Teams and teamwork’) and proposed
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their integration into curricula [5].

In fact, since 1994, the University of Maryland in the United States has provided an interdisciplinary, team-based, integrated
education project for students majoring in various health fields, focusing on the treatment and care of elderly patients [6]. In 2001,
the College of Health Disciplines at the University of British Columbia (UBC) in Canada was established and began offering IPE to
healthcare students [7]. Some universities in Korea are also implementing IPE. Examples include the ‘WHO integrated health
education program’[8], which provided education on team-based treatment methods, and the ‘Interprofessional linkage education
program’[9], which operated under the theme of interdisciplinary linkage and collaboration among students from five health care
fields.

As TPE has become established in the Korean curriculum, as well as abroad, there has been a need for tools to evaluate
interprofessional competencies according to domestic circumstances [10]. The following scales have been developed: the Readiness
for Interprofessional Learning Scale (RIPLS) [11], the Interdisciplinary Education Perceptions Scale (IEPS) [12], the Self-efficacy for
Interprofessional Experimental Learning Scale (SEIEL) [13], and the Interprofessional Attitudes Scale (IPAS) [14]. However, these
tools have limitations in that they cannot assess core competencies, focusing instead on attitudes and perceptions [14,15]. Accordingly,
anew assessment tool has recently been developed to address these limitations and fit Korean circumstances [16]. This assessment
tool can evaluate the four core competencies of IPE directly. Using the ‘Kirkpatrick assessment model enables a thorough evaluation
of the entire educational process, including learners’ knowledge and behavioural changes, outcomes and satisfaction. Furthermore,
as a tool designed specifically for the Korean context, it has been translated and adapted for use at each educational stage. This
effectively reflects the subtle nuances of the language, reducing potential confusion caused by a foreign language and enabling
Korean users to conduct more accurate assessments. This study therefore aimed to apply the newly developed assessment tool to
actual education, evaluating educational effectiveness among learners and instructors at a university implementing IPE.

Methods

1. Subjects

This study was conducted with ethical approval (No. EU22-61) from the Institutional Review Board (IRB) at Eulji University. This
study targeted a multi-professional education program at a university in Gyeonggi Province that was implementing IPE. Prior
consent was obtained from both the professors running the program and the students enrolled in it before registration. The analysis
and evaluation of the participants were intended to include all students (n=70) and professors (n=7) involved in the program
(complete enumeration survey). However, some participants requested to withdraw during the study and they were excluded from
analysis. Therefore, the final sample comprised 62 students (n=62) and 7 professors (n=7).

2. Methods

1) Study design

The overall process of this study is illustrated in <Fig. 1>. This study used the Korean IPE core competency assessment tool
developed in a previous study [16], and the evaluation period was set according to the tool’s evaluation structure for each educational
stage. Before the start of TPE education, a preliminary evaluation of the student’s IPE core competency level was conducted for each
learning stage (2 stages; ‘Learning’ and ‘Behavior). Afterwards, IPE education was provided and, at the end of the third semester,
students evaluated their IPE core competency level for each learning stage (3 stages; Tearning, ‘Behavior and ‘Response).
Additionally, team members and professors evaluated the students' IPE core competency level (1 stage; ‘Result), providing an
objective third-party perspective.
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2) Intreprofessional education course

The IPE program, in which the subjects of this study participated, was developed by a university in Gyeonggi Province to strengthen
the collaborative capabilities of healthcare professionals. It is a multidisciplinary, collaborative education program offered to
healthcare majors. Offered as a regular elective course within the university, it is open to second- to fourth-year students and
consists of three semesters (including summer semesters), each comprising three-hour sessions over 15 weeks. Seven healthcare
majors participated in the program, which provides specialized training followed by fieldwork.

Specifically, the first semester covers introductions to IPFE, PBL and each specialty, as well as healthcare ethics, interprofessional
communication and a basic understanding of the elderly. The second semester focuses on examination, diagnosis, prevention, and
management methods for geriatric diseases, as determined by the specialty. In the third semester, students apply their knowledge
in real hospitals and clinical settings, interacting directly with patients. By specialty, the department of clinical pathology teaches
various clinical pathological examination methods related to the elderly. The Department of Radiology teaches cerebrovascular and
electrocardiographic examination methods. The department of physical therapy teaches prevention and management methods for
musculoskeletal disorders. The Department of Biomedical Engineering teaches the types and use of musculoskeletal assistive
devices. The Department of Nursing teaches examination and management methods for depression and mental illness. The
department of dental hygiene teaches examination and management methods for oral diseases prevalent in the elderly. The
department of emergency medical services teaches cerebrovascular emergencies and treatment methods.

| Pre-training | | Post-training |
Subject | | Learner | IPE i | Learner, Teammate, Professor |
Tool IPE Evaluation tool Before at one university IPE Evaluation tool After
(29 questions, 5-point likert scale) (complete (54 questions, 5-point likert scale)
enumeration
Level of core IPE competency ; 7 majors) Level of core IPE competency
- 2 stages: Learning, Behavior - 3 stages for learner
Content : Learning, Behavior, Reaction
- 1 stage for teammate, professor
: Result

Fig. 1. Experiment procedure

3) Assessment tool

Pre- and post-training evaluations were conducted using the ‘Interprofessional education assessment tool [16], which includes
four educational stages (learning, behavior, response, and result) and four core competencies (‘Values/ethics for interprofessional
practice, ‘Roles/responsibillities, ‘Interprofessional communication, ‘“Teams and teamwork), totaling 29 pre-test items and 54 post-
test items <Table 1>; for pre-training <Supplementary material 1> and for post-training <Supplementary material 2>. Items were
scored on a 5-point Likert scale (I=not at all, 5=very much). Cronbach’s a demonstrated high reliability across stages (0.840-0.962).
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Table 1. Composition of evaluation tool

Number of questions Reliability

Evaluation stage Subject Composition Before Aftor (Cronbach’s a)
Learning Learner A. Values/ethics for interprofessional practice 3 3 0.930
(n=62) B. Roles/responsibillities 4 3
C. Interprofessional communication 4 4
D. Teams and teamwork 5 3
Behavior Learner A. Values/ethics for interprofessional practice 2 2 0.946
B. Roles/responsibillities 3 4
C. Interprofessional communication 5 5
D. Teams and teamwork 3 4
Reaction Learner Satisfaction - 6 0.840
Results Team member A. Values/ethics for interprofessional practice 1 0.937
(other learner, B, Roles/responsibillities 3
n=62) C. Interprofessional communication 3
D. Teams and teamwork 2
Professor A. Values/ethics for interprofessional practice 1 0.962
(n=7) B. Roles/responsibillities 3
C. Interprofessional communication 4
D. Teams and teamwork 3
Total number of questions 29 54

3. Data analysis

The collected data were statistically analysed using IBM SPSS program (ver. 28.0; IBM Corp., Armonk, NY, USA) at a significance
level of 0.05. First, a normality test was performed using the Shapiro-Wilk test, and the data did not conform to a normal distribution.
Subsequently, descriptive statistical analysis was performed on the IPE general characteristics and core competency scores by time
point and stage. The Mann-Whitney U-test and Kruskal-Wallis test were used to evaluate the degree of improvement in core
competencies based on general characteristics. The Wilcoxon rank sum test was used to compare pre- and post-training outcomes.
Pearson's correlation coefficient was used to evaluate the correlation between learning stages and core competencies.

Results

1. Level of competency enhancement by general characteristics

The general characteristics of the study subjects are presented in <Table 2>. Of the 62 students, 74.2% were female and 25.8% male.
The most common major was physical therapy (21%), followed by nursing, emergency medical services, radiology, and clinical
pathology. Most were in their third year (93.5%). As a result of analyzing the degree of improvement in core competencies (overall
average; at learning and behavior stage) before and after training according to general characteristics, no significant differences
were observed in any of the items including gender (p=0.118), major (p=0.698), grade (p=0.263), and clinical experience (p=0.092).

2. The effects of IPE by assessment stage and core competency

<Table 3> shows the average scores of core competencies at each evaluation time and educational stage. All core competencies
demonstrated significant improvement from pre- to post-training (p<0.001). Pre-traning scores ranged from 4.2 to 4.7, while post-
training scores exceeded 4.7 across competencies. Notably, ‘A. Values/ethics for interprofessional practice’ and ‘B. Roles/responsibilities
showed substantial gains during the learning stage, and all competencies increased significantly during the behavior stage.
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Table 2. General characteristics of learners

Characteristics  Division Number of respondents  Difference value Fi
(N(%0)) (Mean=SD)

Gender Male 16(25.8) 0.36+0.31 0.118
Female 46(74.2) 0.25+0.43

Major Department of physical therapy 13(21.0) 0.22+0.09 0.698
Department of nursing 11(17.7) 0.24+0.42
Department of emergency medical services 10(16.1) 0.191+0.07
Department of radiology 10(16.1) 0.1510.43
Department of clinical pathology 9(14.5) 0.45+0.54
Department of biomedical engineering 6(9.7) 0.51+0.48
Department of dental hygiene 3(4.8) 0.26+0.12

Grade Junior 58(93.5) 0.30+0.41 0.263
Senior 4(6.5) 0.08+0.12

Clinical practice Yes 27(43.5) 0.39+0.49 0.092
No 35(56.5) 0.194+0.29

Total 62(100.0) 0.28£0.40

Difference value represents the gap in average scores for the core competencies before and after the IPE.
by Mann Whitney U-test, Kruskal-Wallis test or Wilcoxon rank sum test

Table 3. Comparison of core competencies before and after IPE, according to educational stage

Evaluation . " Core competenc
stage Srbfest Composition Before After . yZ Cohen’s d
Learning  Learner A. Values/ethics for interprofessional practice ~ 4.52+0.48  4.69+£0.40° -2.298  0.50765
B. Roles/responsibillities 416+0.63 4751045  -5.880  0.63257
C. Interprofessional communication 4.62+040  4.69£0.40 -1.335 0.45306
D. Teams and teamwork 4.65+0.37  4.74%+0.38 -1.770 0.35533
Sub-total 4504037 4.72£0.34"
Behavior ~ Learner A. Values/ethics for interprofessional practice ~ 4.30+0.60  4.65+0.50  -3.541 0.74071
B. Roles/responsibillities 4.20+0.73 4714037 -4.261 0.77599
C. Interprofessional communication 440050 46910437 -3.792 0.52148
D. Teams and teamwork 4.60£0.48 4.7440.43 -2.748 0.49768
Sub-total 4384048  4.70£0.37"
Reaction  Learner Satisfaction - 4.660.41 - -
Results Team A. Values/ethics for interprofessional practice - 4.71+0.52 - -
member B. Roles/responsibillities 4.7740.45
(other C. Interprofessional communication 4.75+0.41
learner) D. Teams and teamwork 4.771+0.45
Sub-total 4.76+0.42
Results Professor A. Values/ethics for interprofessional practice - 4.43+0.54 - -
B. Roles/responsibillities 4.71£0.36
C. Interprofessional communication 4.54£0.39
D. Teams and teamwork 4.62+0.36
Sub-total 4.60£0.35
Total 4.43+0.41 4.714£0.34"

The scores of core competency were written in Mean=+SD.
p<0.05, p<0.001, by Wilcoxon rank sum test between before and after IPE.
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3. Correlation between educational stages

We analyzed the correlations between the educational stages, focusing on the mean post-training scores <Table 4>. Significant
moderate to high positive correlations were observed between the learning and behavior stages (r=0.772, p<0.001), learning and
reaction stages (r=0.723, p<0.001), and behavior and reaction stages (r=0.826, p<0.001). Other stage correlations were not statistically

significant.

Table 4. Correlation by evaluation stage

Variables 1 2 3 4 5
1. Learning learner 1.000

2. Behavior learner 0.826" 1.000

3. Reaction learner 0.772" 0.723" 1.000

4. Results team member 0.111 0.148 0.039 1.000

5. Results professor -0.063 -0.270 -0.380 -0.100 1.000

"p<0.001, by Pearson’s correlation coefficient

4, Correlation between core competencies

Using the average post-training scores, correlations between sub-competencies at each stage were analysed <Table 5>.

Firstly, statistically significant correlations were observed when analysing the relationships between sub-competencies within
each stage (p<0.001): the learning stage, the behavior stage and the team-member-targeted result stage. Specifically, in the learning
stage, the highest positive correlation was between ‘A. Values/ethics for interprofessional practice’ and ‘C. Interprofessional
communication’ (r=0.700). In the behavior stage, ‘C. Interprofessional communication’ and ‘D. Teams and teamwork showed the
strongest correlation (r=0.774). In the team-member-targeted result stage, the highest positive correlation was observed between ‘C.
Interprofessional communication’ and ‘D. Teams and teamwork’ (r=0.903). Meanwhile, in the professor-targeted result stage, strong
positive correlations were also observed between ‘A. Values/ethics for interprofessional practice’ and ‘C. Interprofessional
communication’ (r=0.906), as well as between ‘C. Interprofessional communication’ and ‘D. Teams and teamwork’ (r=0.906).

Finally, analyses conducted across stages revealed a high positive correlation between ‘D. Teams and teamwork’ in the learning
stage and ‘C. Interprofessional communication” in the behavioral stage (r=0.768, p<0.001). Meanwhile, the competencies of the
reaction stage generally showed a high correlation with all competencies within the learning and behavior stages (r=0.511-0.782,
p<0.001).

Discussion

Competency-based education focuses on improving learners” performance based on specific learning objectives [17] and has
been shown to minimize the gap between educational settings and clinical practice [18]. Implementing such an approach requires
an appropriate tool for assessing competency [19]. Choi et al. [16] recently developed an assessment tool that can directly evaluate
the core competencies of IPE. In this study, we applied the tool to a university where IPE was actually implemented, with the
expectation that the tool can evaluate the effects of IPE with a focus on core competencies.

To more accurately assess the effectiveness of IPE, this study compared core competency scores before and after training. We
observed an increase in scores across all stages and competencies. This finding aligns with Kim et al. [20] investigation of IPE’s
effectiveness for healthcare students. In that study, an assessment scale centered on ‘Teams and teamwork,” ‘Role and responsibility,
and ‘Communication’ was used, and scores increased after the training. Furthermore, Chua et al. [21] analyzed the learning readiness
of medical and nursing students using an assessment tool centered on ‘Teamwork, ‘Collaboration,” and ‘Roles and responsibilities.”
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Klugman et al. [22] assessed healthcare students using the ‘Communication skills attitudes scale,” and found statistically significant
increases in scores in these areas after IPE. That is, previous studies have also reported increases in scores in the ‘Role and
responsibility, ‘Teams and teamwork, and ‘Communication’ domains after IPE training. These results are similar to those of the
present study. Therefore, while the assessment tool used in this study encompassed all learning stages and core competencies, it is
considered useful for evaluating educational effectiveness, similar to existing tools.

During the learning phase, we observed increases in ‘Communication’ and ‘Teams and teamwork” competencies after the training,
but these increases were not statistically significant. This is likely because the university in question was operating IPE for third- and
fourth-year students capable of integrative thinking across all areas, which likely contributed to their already high level of competency
prior to the training. A previous study [23] analyzed differences in communication competency levels across grade levels and reported
that third-year students had significantly higher average scores in communication skills compared to first-year students. Furthermore,
Kim [24], who examined differences in collaboration skills by grade level, reported that average scores for collaboration skills increased
with increasing grade level. This suggests that communication and collaboration skills improve with increasing grade level. In other
words, because the participants in this study were seniors, their communication and team collaboration scores were probably higher
before the training, which likely explains the insignificant increase in scores before and after the training. Nevertheless, the slight
increase in post-training scores demonstrates that IPE was effective in enhancing communication and team collaboration skills.

Furthermore, a correlation analysis was conducted to examine the relationships between the stages. The results revealed moderate
to high positive correlations between the learning and behavior stages, the learning and response stages, and the behavior and
response stages. All of these correlations were statistically significant. These findings are similar to those of Park [25] and Liebermann
and Hoffmann [26], who also used the Kirkpatrick model to identify the impact of service education on performance. However,
unlike previous studies, this study did not identify significant correlations between the learning and outcome stages, or between the
action and outcome stages. This is likely due to the fact that the evaluators of the result stage differed from those of the learning and
behavior stages. The evaluators of the result stage were professors and team members. The evaluators of the learning and behavior
stages were different because they were implemented through self-assessment. Consequently, no significant relationships were
found between the learning and result stages, or between the behavior and result stages. According to a study by Kim et al. [27], who
evaluated problem-centered learning by categorizing subjects as professors, team members, or self-evaluators, there may not be a
significant correlation between professor and self-evaluations, or between team member and self-evaluations. This was attributed
to differences in expertise and objectivity among the evaluators.

Meanwhile, a correlation analysis conducted between core competencies also confirmed a moderate to high level of positive
correlation. A previous study examining the relationship between competencies found that when team members’ needs for
recognition and mutual respect are met, it facilitates interaction and leads to cooperative behavior. In other words, when team
members feel respected, they naturally engage in cooperative behavior. Seo’s study [29] also argued that systematic collaboration
among professionals from various fields is essential for integrated therapy, and that understanding each field's role, sharing
information, and actively communicating play crucial roles. Therefore, sharing information about one's own field and actively
communicating can foster team cooperation. Furthermore, Chung’s study [30] found that communicating while acknowledging
others as individuals fosters respect for others and cooperation. Thus, the four core competencies of IPE are closely intertwined and
inextricably linked. This study also confirmed moderate to high quantitative correlations between these competencies. In particular,
the highest correlation coefficients were observed between ‘Communication’ and ‘Teams and teamwork’, which is consistent with
the results of a prior study [30]. In other words, the organic relationships among the core competencies presented in IPEC were
confirmed. Therefore, rather than categorizing them by competency, we recommend providing IPE by organically linking all core
competencies organically.

Although this study was conducted as a complete enumeration, it focused on a single university and the learners' majors were not
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evenly distributed. The fact that the focus was on upperclassmen may also have influenced the results. Therefore, future research
requires more precise subject selection and a larger sample size. Nevertheless, this study is significant because it directly applied a
recently developed assessment tool to IPE practice and verified its effectiveness. It is hoped that these results will be useful for future
interdisciplinary education initiatives.

Conclusions

This study aimed to apply a recently developed assessment tool to participants in interdisciplinary education and further explore
its applicability. To this end, evaluations were conducted using the tool with all students and professors of IPE courses offered at a
single university in Korea. The results are as follows:

1. Following the training, the average self-assessment score for each competency was approximately 4.7 out of 5, which is a
statistically significant increase compared to pre-training scores. In particular, statistically significant differences were observed in
the ‘Values/ethics for interprofessional practice’ and ‘Role and responsibility’ competencies during the learning stage, and in all
competencies during the behavior stage. Furthermore, the average scores for each competency, as assessed by professors and team
members, were also high, exceeded 4 points, confirming that IPE can effectively enhance learners’ competencies.

2. Analysis across the learning stages revealed statistically significant positive correlations between the learning, behaviour and
response stages. Analysis across sub-competencies revealed statistically significant positive correlations in all sub-competencies in
the learning, behaviour and team-member-targeted result stages. Specifically, the highest correlations were observed between the
'Role and responsibility’ and ‘Communication’ competencies, as well as between ‘Communication’ and ‘Teams and teamwork.’ In
the professor-targeted result stage, meanwhile, statistically significant positive correlations were observed between the ‘Values/
ethics for Interprofessional Practice’ and ‘Communication’ competencies, as well as between the ‘Communication’ and ‘Teams and
Teamwork.

This study reaffirmed the effectiveness of interdisciplinary education in enhancing the core competencies of participating
students. We hope these results will contribute to the efficient operation and improvement in quality of future interdisciplinary
education.
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HAREX: B Aol 2M2 |2 JiEtEl $t=2H MEZA! 7+ WL (Interprofessional Education, IPE) B7t =715 MK S Hzho| M2 1,
U7 Chetoll M 2 S IPE B2 Mup TWIt Ao 20Xt 20| ALt ekl 20N CHstw 57H IPE mztol| £ogt SHEAt 62, w4 THE
CHAOR SIon, ot ER2e M HIL0|A ZJHYE IPE A A2 WILX| (5™ HE)E AL, IPE ¢ MEE ZE &oXHEEX
=20l 8@, W)t ZF stEXtof| Choll WotstES StQIC HRA 18 F, o T E 4580 47HOE, HE CHA0ME
44T0M 4. THOE ASSIRULE Eot vt 9 Hot ThA|9] H4 Al A LIEHGOH, 282 ot 201 8t3 478, s At 468, B
Z1t 4.880|RUL}. E9], g HAHOME HEE] 7F AHE A%t IHK|-@2'et ‘Aol Aol #E HAAME ZE A HZo| FolsHA|
SIISIALE 712, HoF THA| 2F 2AE 240t 23, gt3at o, uh3at WS, sh&nt WS Tl 7 SANCE ol F7t oj&e X
AREEA Tt 2HQIE|QACE EBH IPES| 47HX| BA HAZF 7F 2AIE M A3t CHREEQ| THAOA 471X S 2F SAHXOE Kolst SZH|A
=2 FEO| HA MEE7L QIE|QC BB 2 H1E SOl MEA WY E ot=2Y IPE Wot =1 E M 8ol 2 OM, CHAf CHEHe| IPE nS0|
o eS| algt WE THlel HA ARES ROISH ASAIA £ 5+ AUSS SQUSIALE s Aot = IPE BSAHEMHAH =20
£|7|1E 7|chBtCt
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