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ABSTRACT
Interprofessional education (IPE) often uses collaborative learning for better teamwork among multiple 
professions. Its theoretical background is social interdependence theory (SIT), and positive interdepen
dence is key for successful collaborative learning. As there is little theoretical knowledge on how to 
optimize the social interdependence in IPE, educators often struggle to develop an effective program. 
Therefore, a more specific explanation of the relationship between social interdependence and inter
professional readiness might make IPE more effective. We aimed to elucidate how students’ social 
interdependence in collaborative learning relates to interprofessional readiness. Health profession stu
dents (n = 259) undertaking a collaborative IPE program were asked to complete two validated ques
tionnaires: Readiness for Interprofessional Learning Scale and Social Interdependence Scale in 
Collaborative Learning. A structural equation analysis provided a good fit for the data. Awareness of 
objectives positively predicted interprofessional collaboration and identity, whereas specific roles as 
health professionals negatively predicted interprofessional roles and identity. As the current healthcare 
system is highly specialized, there is a dilemma that the more specific a problem is, the clearer it is which 
profession is responsible for solving it. Hence, strengthening awareness collaboratively may overcome the 
dilemma. Also, it is necessary to reconstruct a curriculum based on the premise of interprofessional 
activities.
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Introduction

As the complexity of medical care increases, medical practice is 
quickly evolving into a process that involves many different 
health professions. All health professionals should be able to 
work within their own professions, but should also have the 
ability to interact with other professionals and work as a team. 
The World Health Organization (WHO) describes interprofes
sional education (IPE) as when individuals from two or more 
professions learn about, from, and with each other to enable 
effective collaboration and improve health outcomes (Gilbert 
et al., 2010). Based on this framework, IPE is beneficial not only 
with regard to the healthcare outcomes for patients (Hanson 
et al., 2013), but also in promoting patient safety (Institute of 
Medicine, 2013). As IPE enables effective collaboration 
between multiple health professions for improved health out
comes, it is considered as an essential undergraduate and 
postgraduate training strategy.

One major purpose of IPE is to teach teamwork. As team
work in clinical practice is the mutually-beneficial cooperation of 
various professions, learning strategies involving group activities 
is often central to IPE (D’Eon, 2005; Oandasan & Reeves, 2005; 
Steinert et al., 2005). For example, more than half of the IPE 
programs in Japan incorporate various types of group learning, 
such as collaborative learning, problem-based learning, or team- 
based learning (Hean et al., 2012; Maeno et al., 2013; Rider & 

Brashers, 2006). This is because collaborative learning places 
students in a practice environment wherein they are able to 
mutually interact, which allows them to learn interprofessional 
attitudes in a constructivist manner (Curran et al., 2010). 
Therefore, collaborative learning is aligned with the goals of 
IPE as it helps foster an attitude of interdependence.

The social interdependence theory (SIT; Johnson & Johnson, 
2009) is a background theory for collaborative learning which 
posits that social interdependence exists when the outcomes of 
individuals are affected not only by their own actions, but by the 
actions of others as well. There are three components of inter
dependence: (1) outcome, (2) means, and (3) boundary 
(Johnson & Johnson, 1989). First, outcome interdependence is 
defined as an orientation toward goals and rewards. Second, 
means interdependence refers to resources, roles, and task inter
dependence. Resources are used among group members, some 
of which are utilized together (i.e., a blackboard); roles are 
assigned to group participants (e.g., readers, recorders, summar
izers, and encouragers); and task interdependence is when 
group members come to a mutual agreement regarding how 
to divide and assign the tasks, making each group member 
responsible for their learning objectives. This consequently 
leads to the increased productivity of the learning group. 
Lastly, boundary interdependence refers to the discontinuities 
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used to segregate groups from one another, but function to 
unify the individuals within these separate groups (e.g., working 
area, identity, outside competitors; Johnson & Johnson, 2009).

There are two types of social interdependence: positive 
(actions which promote the achievement of joint goals) and 
negative (actions which obstruct the achievement of each 
other’s goals). Positive interdependence is key for successful 
collaborative learning because positive interdependent coop
eration results in more frequent use of higher-level reasoning, 
improved interpersonal relationships, and greater social sup
port (Bate et al., 2014; Johnson & Johnson, 1989). Furthermore, 
social interdependence is important for constructing relation
ships among interprofessional health care providers (Paradis & 
Whitehead, 2018). Therefore, this is why medical schools 
desire to cultivate positive social interdependent attitudes 
through IPE among their learners.

In order to cultivate interprofessional competence more 
efficiently, competency-based curricula are being required to 
include IPE to help develop readiness for interprofessional 
collaboration (Parsell & Bligh, 1999). Based on previous find
ings and empirical evidence, we developed a hypothetical 
model in which social interdependence attitude in collabora
tive learning is one of the constructs of readiness for interpro
fessional learning. In this model, each factor of social 
interdependence is interrelated and yet affects all factors of 
multi-professional collaboration (Johnson & Johnson, 2009). 
Discontinuities between individuals and groups (boundary 
interdependence) define team and collaboration, and their 
roles. Problem solving as a team (outcome interdependence) 
requires collaboration and professional competencies as 
a team. Sharing resources such as tools and competencies of 
team members (means interdependence) is the center of inter
professional work. However, we cannot fix the specific rela
tionship between these variables and thus there might be a risk 
of over-identification regarding the effect of social interdepen
dence, because there is currently insufficient knowledge 
regarding the roles of social interdependence and IPE in stu
dents’ preparedness for interprofessional activities. As there is 
inadequate knowledge on how to optimize social interdepen
dence through IPE in a theoretical manner, educators often 
struggle to develop an effective program. Nevertheless, if the 
relationship between social interdependence and competencies 
for interprofessional collaboration can be properly explained, 
then students might be able to collaborate with others more 
effectively in order to improve health outcomes.

Hence, the aim of this study was to clarify how health 
profession students perceived social interdependence in rela
tion to interprofessional collaborative learning and their readi
ness for interprofessional learning.

Methods

Participants

The study sample included fourth-year health professional stu
dents from the Shinshu University School of Medicine who com
pleted an interprofessional collaborative learning program in the 
fall semester of academic year 2018–2019 as part of their 6-year 
(medicine) or 4-year (nursing, physical therapy, occupational 

therapy, medical technology) curriculum. In this program, stu
dents from multiple professions worked in groups of eight or nine 
to find solutions to various problems in a patient with amyo
trophic lateral sclerosis. The analysis and problem solving of the 
case was performed in groups and the results of their discussions 
were submitted as assignments. The groups presented their 
assignments to the other students, who then peer-reviewed the 
final output. In effect, the discussions were basically student-led as 
the tutors from the various health professions only facilitated 
when needed.

The program was organized from the perspective of SIT. For 
outcome interdependence, the students shared goals for addres
sing the problems in the patient case, as well as in the evaluation of 
the other groups’ assignments. For means interdependence, group 
members needed to share their tasks and assign specific roles 
depending on their competence in their respective disciplines. 
Lastly, for boundary interdependence, students were expected to 
work in groups and to compete with other groups. With this 
design, we found that the program contained all three compo
nents of social interdependence (Johnson & Johnson, 2009).

Data collection and measures

We asked all the students (n = 258; male 119, female 139) from 
all of the disciplines participating in the program to complete 
the questionnaires at the end of the program after a written 
informed consent form was obtained. The questionnaires were 
administered anonymously. Participants were informed that 
the survey was not mandatory and would not affect their 
grade. The students were then given about 15 minutes to 
answer the questionnaires.

Readiness for interprofessional learning was measured with 
the Japanese validated version of the Readiness for 
Interprofessional Learning Scale (RIPLS; Parsell & Bligh, 
1999; Tamura et al., 2012), which was comprised of 19 items. 
Meanwhile, attitude of social interdependence was measured 
with the Social Interdependence in Collaborative Learning 
Scale (SOCS), which was composed of 15 items. The article 
which reported on SOCS was published in 2020 (Shimizu et al., 
2020) but the final version was developed in 2018 as a part of 
our research project. The items were answered on a 5-point 
Likert scale (5: strongly agree, 4: agree, 3: neutral, 2: disagree, 1: 
strongly disagree) and the questionnaires were administered 
online through SurveyMonkey. Higher scores indicated that 
participants perceived a higher level of social interdependence 
or readiness for interprofessional collaboration.

The adequacy of the sample size was confirmed by the 
guidelines of Fayers and Machin (2007), which state that the 
sample should be more than five times the number of items and 
greater than 100.

Analysis

The data were initially screened for outliers and missing values 
(<5%); and missing values were treated using multiple imputa
tion techniques. Descriptive statistics were calculated using 
IBM SPSS version 26.0. Zero-order correlations between each 
measure were calculated, and Pearson correlation coefficients 
were computed.
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An exploratory factor analysis (EFA) of both instruments 
was then performed to explore the underlying structure of the 
items in our context (Fabrigar et al., 1999). We used the max
imum likelihood method and promax rotation to confirm that 
the factor loadings were ≥0.4 and were theoretically consistent. 
The number of factors were then decided based on the results 
of Kaiser’s eigenvalues(≥1.0), minimum average partical corre
lation (MAP; Velicer, 1976) and parallel analyses of the eigen
values and squared multiple correlations (SMC) in the diagonal 
of the correlation matrix (Horn, 1965; Humphreys & Ilgen, 
1969). Additionally, the alpha-coefficients were computed as 
an estimate of internal consistency for all factors.

The data of these instruments were analyzed using struc
tural equation modeling (SEM) – a method that can test causal 
hypotheses among multivariate data. This technique was cho
sen as it allows for the simultaneous, rather than separate, 
analysis of all the variables in the model. Since SEM has 
advanced theories and research in medical education by devel
oping and validating new theoretical models between multiple 
indicators (Violato & Hecker, 2007), we chose the method to 
clearly explain relations between the two existing conceptual 
frameworks of social interdependence and readiness for inter
professional learning in collaborative learning, in line with the 
procedures by Violato and Hecker (2007), which started with 
our hypothesis as written in the introduction.

SEM was performed using IBM AMOS software version 
22.0 (maximum-likelihood method) for the analysis of the 
relationships among the factors. The following fit indices and 
criteria were used: chi-square (p ≥.05), chi-square divided by 
the degrees of freedom (CMIN/df) ≤ 2; goodness-of-fit index 
(GFI) ≥ 0.90; comparative fit index (CFI) ≥ 0.90; root mean 
square residual (RMSEA) ≤ 0.1; and PCLOSE value ≥ 0.05 
(Violato & Hecker, 2007).

Ethics considerations

Students received a written informed consent form, and those 
who understood the purpose of the research and agreed to 
participate received the questionnaires.

All the participants were informed that the survey was not 
mandatory and was not related to their grading. This study was 
approved by the Institutional Review Board of Shinshu 
University (#5048).

Results

Complete RIPLS and SOCS items were received from 228 
participants (97 males and 131 females; medicine = 94, nursing = 
67, occupational therapy = 12, physical therapy = 15, and 
medical technology = 40). The total response rate was 88.3%.

In the EFA of SOCS (Table 1), The Kaiser–Meyer–Olkin 
measure of sampling adequacy was 0.874, which was satisfac
tory. The Bartlett’s test of sphericity was significant with p < 
.001 (χ2 = 1463.197, df = 105). Kaiser method and MAP 
suggested the three-factor structure, which was consistent 
with the original literature. However, parallel analysis of eigen
values suggested the two-factor structure and parallel analysis 
of SMC suggested the four-factor structure. Therefore, we 
adopted the three-factor model for SOCS (Table 2).

As for the RIPLS (Table 1), The Kaiser–Meyer–Olkin mea
sure was 0.930, which was satisfactory. The Bartlett’s test of 
sphericity was significant with p < .001 (χ2 = 3093.441, df = 
171). All of the analyses (Kaiser method, MAP, and parallel 
analyses of eigenvalues and SMC) suggested a two-factor struc
ture. Although we also analyzed with the three-factor model, 
the factor loadings of all items for the third factor were <0.4. 
No item was associated with the third factor and the factor 
contribution rate of the third factor was very low (10.4%). 
Therefore, we abandoned the idea of considering the third 
factor as an independent one and adopted the two-factor 
model for RIPLS (Table 2). Comparing the items and factors 
of the RIPLS with the original studies (Parsell & Bligh, 1999; 
Tamura et al., 2012), we adopted factor 1 (regarding collabora
tion) and factor 2 (regarding roles) and factor 3 (regarding 
identity) were regarded as one (Table 2). The factor 1 was 
named “Interprofessional Collaboration” and the second factor 
was named “Interprofessional Roles and Identity.” The alpha- 
coefficients indicated satisfactory internal consistency of all the 
factors (Table 3). In estimating the SEM model, we first used 
a hypothesized model which was mentioned above. We then 
evaluated the models by reducing the number of paths and 
optimizing the Goodness-of-Fit and statistical measures. The 
model shown in Figure 1 showed the best fit with x2 = 2.396 
(p = .302), CMIN/df = 1.198, CFI = 0.999, RMSEA = 0.030, 
TLI = 0.996. In this model, the three components of social 
interdependence were moderately associated with each other. 
Boundary and outcome interdependence positively predicted 
interprofessional collaboration and interprofessional roles/ 
identity. Meanwhile, means interdependence negatively pre
dicted interprofessional roles/identity. Boundary and outcome 
interdependences were especially useful in predicting interpro
fessional collaboration, as the model explained 62% of the 
variance in it. Although we also tested other numbers of factors 
(two- and four- factor structures) of SOCS, we did not find 
better models to fit.

Discussion

The present study attempted to clarify the causal relation
ships of the social interdependence components (outcome, 
means, and boundary) which affect the cultivation of atti
tudes toward interprofessional collaboration in an IPE pro
gram. A sufficient sample size was obtained for an 
appropriate analysis to be conducted. To the best of our 
knowledge, the relations between the social interdepen
dence components among health profession students and 
their readiness for interprofessional work during the colla
borative IPE program have not been previously modeled in 
the specific context of an undergraduate curriculum.

The results of this study demonstrated that boundary inter
dependence (i.e., interdependence that makes people work as 
one team) leads to readiness for cooperation, as well as inter
professional roles/identity. In line with this, one of the pur
poses of IPE is to establish teamwork and build 
interprofessional collaboration (Thistlethwaite & Moran, 
2010). Hence, boundary interdependence supports this because 
it reinforces social identity by uniting groups as a single entity 
(Johnson & Johnson, 2009). This social identity is an important 
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antecedent of cooperative behavior (Tyler & Blader, 2001). 
Therefore, stronger boundary interdependence can be 
expected to facilitate the achievement of team goals and thus 
enhance the readiness of IPE.

In addition, outcome interdependence was found to be 
associated with readiness to collaborate, but there was no 
significant association with interprofessional roles/ identity. 
As collaborative practice improves patient outcomes 
(Zwarenstein et al., 2000), students in collaborative IPE 
are often expected to work in teams to solve patient pro
blems, like those in this study. While interprofessional 
collaboration delivers effective working relationships, it 
was not found to be associated with the perceived structure 

of the team (i.e., identity; Canadian Interprofessional 
Health Collaborative, 2010). Thus, although patient out
comes are influenced by interprofessional collaboration, it 
does not affect interprofessional identity in our given 
context.

Furthermore, means interdependence was discovered to be 
negatively correlated to interprofessional identity. In other 
words, the more interdependent the means are in IPE, the less 
interprofessional identity there is. When positive interdepen
dence is established, individual members become aware of 
their personal responsibilities. In relation to this, as the current 
healthcare system is highly specialized, it becomes more evident 
which profession should be responsible for addressing a certain 

Table 1. Factor analysis of SOCS and RIPLS.

A. SOCS

Items

Factors

Boundary 
Interdependence

Means 
Interdependence

Outcome 
Interdependence

4 I incorporate the advice of others when preparing a study plan. 0.792 −0.018 −0.009
5 Group members should carefully summarize each other’s arguments. 0.717 0.088 −0.126
1 I hope my learning group is superior to others. 0.679 0.059 −0.042
3 For me, it is important to maintain harmony within the group. 0.591 −0.039 0.040
7 I try to share my own thoughts and materials if they are useful to other students. 0.514 −0.043 0.278
2 When there are different opinions, I would like to coordinate them. 0.505 −0.154 0.119
6 Discussions with other members who have different opinions will improve me. 0.373 0.216 −0.056
12 We learn numerous important things from one another. −0.090 0.882 0.016
10 I can learn important things from other students. −0.077 0.771 −0.018
11 It is a good idea for students to help one another in their studies. −0.064 0.673 0.159
9 It is a good idea to share the tasks for more efficient group work. 0.116 0.504 −0.048
8 I have respect for the others with whom I interact. 0.286 0.452 −0.076
14 My peers rely on my presence as well as my help and support. −0.099 0.001 0.990
15 I draw conclusions from information in group discussions. 0.318 −0.029 0.588
13 My peers rely on my information and advice. 0.208 0.124 0.573

B. RIPLS

Items

Factors

Interprofessional 
Collaboration

Interprofessional 
Roles/Identity

3 Shared learning with other health care students will increase my ability to 
understand clinical problems

0.890 −0.010

1 Learning with other students will help me become a more effective member of 
a health care team

0.865 −0.002

4 Learning with health care students before qualification would improve relationships 
after qualification

0.858 −0.118

2 Patients would ultimately benefit if health care students worked together to solve 
patient problems

0.829 0.045

16 Shared learning before qualification will help me become a better team worker 0.813 0.009
6 Shared learning will help me to think positively about other professionals 0.785 0.022
13 Shared learning with other health care students will help me to communicate better 

with patients and other professionals
0.781 0.058

7 For small group learning to work, students need to trust and respect each other 0.768 0.004
15 Shared learning will help to clarify the nature of patient problems 0.762 −0.008
9 Shared learning will help me to understand my own limitations 0.733 −0.095
5 Communication skills should be learned with other health care students 0.700 −0.068
14 I would welcome the opportunity to work on small-group projects with other health 

care students
0.649 0.012

8 Team-working skills are essential for all health care students to learn 0.611 0.229
19 I have to acquire much more knowledge and skills than other health care students 0.404 −0.289
11 It is not necessary for undergraduate health care students to learn together 0.020 0.941
10 I do not want to waste my time learning with other health care students 0.097 0.812
18 I am not sure what my professional role will be 0.033 0.655
12 Clinical problem solving skills can only be learned with students from my own 

department
−0.115 0.603

17 The function of nurses and therapists is not mainly to provide support for doctors −0.174 0.475

Extraction Method: Maximum Likelihood. Rotation Method: Promax with Kaiser Normalization. 
This row requires borders - top and bottom
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problem, the more specific it is. Therefore, team members may 
seek to exercise their individual professional competence in 
order to achieve a specific outcome rather than as a team.

While the other two elements of social interdependence 
enhanced the readiness of the interprofessional collaboration, 
the means interdependence appeared to show the opposite: 
when students tried to demonstrate their disciplinary-specific 

means, their interprofessional identity would be diminished. 
Whitehead (2007) claimed a similar difficulty among physi
cians who found it difficult to balance collaboration and 
authority for decision-making given the hierarchical nature of 
the clinical setting. This is supported by the results of this 
study, which indicate that there is a difficulty in reconciling 
specialized training with IPE regardless of the discipline.

We will discuss IPE from the perspective of SIT based 
on these results. This study has shown that the components 
in social interdependence in collaborative learning led to 
different associations regarding readiness for interprofes
sional learning.

First, we should analyze the elements for building teamwork 
and designing an IPE program. Team collaboration has been 
considered important in IPE. However, it is criticized that 
“teamwork” is an amorphous word in workplaces (Rydenfält 
et al., 2019), and although team identity is a prerequisite for 
teamwork, the results of this study can be used to obtain results 
regarding desirable interprofessional collaboration. For example, 

Table 2. Determination of numbers of factors.

A. Determination of the number of factors 
in SOCS

Number of factors (up to 5)
Eigenvalues Cumulative contribution 

ratio (%) MAP
Parallel analysis 

(Eigenvalues)
SMC 

diagonal
Parallel analysis (SMC 

diagonal)

1 5.341 38.147 0.039 1.484 4.847 0.539
2 2.128 53.350 0.029 1.369 1.615 0.434
3 1.079 61.059 0.026 1.279 0.519 0.339
4 0.930 67.703 0.040 1.203 0.350 0.272
5 0.714 72.800 0.056 1.131 0.110 0.205

B. Determination of the number of factors 
in RIPLS

Number of factors (up to 3)
Eigenvalues Cumulative contribution 

ratio (%) MAP
Parallel analysis 

(Eigenvalues)
SMC 

diagonal
Parallel analysis (SMC 

diagonal)

1 8.621 47.893 0.033 1.559 8.276 0.631
2 2.299 60.666 0.020 1.439 1.814 0.535
3 0.996 66.197 0.027 1.361 0.421 0.459

Table 3. Results on the instruments.

Factors Means
Standard 
deviation

Number of 
items alpha

SOCS
Boundary 

interdependence
28.87 3.75 7 0.863

Means interdependence 15.75 3.51 5 0.795
Boundary 

interdependence
12.41 1.95 3 0.807

RIPLS
Interprofessional 

collaboration
54.15 7.45 13 0.810

Interprofessional identity 23.11 3.80 6 0.931

Figure 1. Standardised coefficients and explained percentage variance for structural constructs.
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there is a dilemma in clinical settings that by simply focusing on 
the role that each profession should play will lead to reinforcing 
means interdependence and will not improve the identity of 
teamwork (Michalec & Hafferty, 2015). Instead, the results of 
this study suggest that one way to overcome this dilemma in IPE 
is to strengthen boundary interdependence, that is, reinforcing 
the situations to make professionals aware as a team both 
internally and externally. As outcome and boundary interdepen
dence are relatively strongly correlated, engaging students in 
a goal of care is the first step for team building (De Nooijer 
et al., 2021). Also, as a solution to improve the external environ
ment of boundary interdependence, we hypothesize that oppor
tunities (e.g., team competitions) for achieving shared outcomes 
may enhance boundary interdependence and promote interpro
fessional readiness. As team competition is uncommon in actual 
clinical settings, further research is needed to examine the effect 
of team competition in IPE.

Also, an understanding of the job title must be formed before 
IPE. Role understanding is considered to be an important com
petence for collaborative practice (Suter et al., 2009). The EFA in 
this study revealed the items regarding roles and identity were 
integrated into a single factor. This phenomenon indicates that 
roles and identities were inseparable, at least in the context of our 
IPE. However, role understanding needs to be rooted in the 
interprofessional team, and not in each profession. As pointed 
out by Paradis and Whitehead (2018), it is necessary to review 
the curricula of each discipline and construct learning objectives 
and study plans based on the premise of interprofessional colla
boration, rather than activities focused for a single profession.

The present study had a number of limitations. First, this 
study was based on a specific IPE class at a single institution. This 
could have affected the findings of the study. In particular, 
factors regarding roles and identity in the original RIPLS were 
not divided in the context of this study. A possible cause was that 
in this context, collaborative learning was conducted in a way 
that clarified the roles of each profession. Students in this pro
gram were assessed by assignments of clinical problems in a case 
study, as is often the case with many IPE programs (Hean et al., 
2012). The emphasis on summative assessment in group learn
ing encourages students to seek quick solutions and spoils their 
diverse inquiring attitude (Harrison et al., 2015; Shimizu et al., 
2021), while professional identity formation requires multiple 
factors other than patients’ problems (Cruess et al., 2015). 
Students should have had more opportunities to form their 
professional identity in a broader perspective in addition to the 
roles expected for the assignments as each profession.

Also, the impact of the health care system in our context 
cannot be ignored. The competency of healthcare professionals 
will be inconsistent between undergraduate students and prac
ticing professionals (Primomo, 2000; Shinjo & Aramaki, 2012; 
Suzuki et al., 2008; Watanabe & Hashimoto, 2012). Haruta 
et al. (2018) summarized the competencies for interprofes
sional collaboration in Japan, but interprofessional collabora
tion has yet to be implemented effectively in the country. 
Explanations provided for this situation include a lack of com
munication among healthcare staff, strong hierarchical bar
riers, and a lack of understanding among healthcare workers 
about their own and their colleagues’ roles and responsibilities 
(Minamizono et al., 2013). Undeniably, interprofessional 

readiness may have been formed based on this assumption. 
We hope these relationships will be further studied in replica
tion studies in other parts of the world.

Conclusions

While boundary interdependence leads to readiness for coop
eration as well as interprofessional roles, outcome interde
pendence was not associated with interprofessional roles. 
Furthermore, means interdependence faces a dilemma that 
when students try to demonstrate their disciplinary-specific 
means, their interprofessional roles would be diminished. For 
more effective IPE programs, we should engage students in 
a goal of care for team building, and construct role under
standing to be rooted in the interprofessional activities from 
the beginning, rather than single profession.
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