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Abstract: Little is known about the effectiveness of Interdisciplinary teaching (IDT) in higher educa-
tion, particularly for healthcare education in Taiwan. It is vital to determine if IDT could enhance
divergent creative thinking and team creativity among nursing students. A quasi-experimental study
with a pretest-posttest design. Students enrolled in a capstone nursing course for the development
of healthcare-related products were divided into two groups. The intervention group (n = 61) was
taught creative thinking skills with IDT by faculty. The control group (n = 84) was taught by nursing
faculty with traditional teaching. This study found that students who received the IDT intervention
scored significantly higher on measures of creative thinking and team creativity compared with
students in the control group. These findings suggest integrating IDT from nursing and design
faculty into the teaching curriculum to foster students’ creative thinking abilities when formulating
interdisciplinary student teams to develop innovative, creative healthcare products.

Keywords: divergent thinking abilities; interdisciplinary teaching; nursing student teams; team creativity

1. Introduction

Interprofessional Education (IPE) is a collaboration of healthcare professionals across
multiple disciplines, which can improve the quality of patient care [1]. Information technol-
ogy (IT) has recently become a fundamental element of healthcare as the volume of medical
records increases, which includes a patient’s history, test results, and X-ray exams over the
lifetime of the patient [2]. The design of innovative healthcare products has also increased
the impact of science and engineering on technology as well as patient care, especially as it
pertains to nursing education [3]. Nursing programs that offer IPE to encourage students
to contribute to the invention of innovative healthcare products offer nursing students
an opportunity to collaborate with students in other disciplines, such as engineering or
design. IPE courses are designed to improve students’ attitudes, knowledge, skills, and
behaviors during collaborative activities [4]. According to Woermann et al. [5], capstone
courses in nursing programs comprised of IPE teams with students from non-nursing
backgrounds, whose goal is to create practical healthcare technology, may, therefore, better
prepare nursing students to collaborate creatively and use technology more effectively
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as members of interdisciplinary healthcare teams trained to deliver safe, comprehensive
patient care. In healthcare education, the IPE model teaches healthcare students to work
closely with students of other disciplines as preparation for engaging effectively with the
diverse teams of healthcare professionals they will encounter in their careers [6]. By training
nursing students to effectively communicate and collaborate on teams with students from
other backgrounds, the IPE model prepares future nurses to provide safer, higher quality
patient care [6]. The Association for Medical Education in Europe encourages the use of
IPE for all students in the medical sciences [7], and healthcare curricula in Taiwan began
incorporating IPE into capstone courses in 2016 [8]. However, only a limited number of
universities offer nurses an opportunity to pursue an education that includes exposure to
interdisciplinary fields [2].

Improving interprofessional collaboration in healthcare has been recognized interna-
tionally as important for improving patient outcomes [9–11]. However, there is a paucity
of research on quantitative assessments to determine whether the collaboration among
disciplines facilitated by IPE is effective in healthcare [12]. The concept of interprofessional
collaboration has been encouraged in clinical care in Taiwan since 2004, however, it was not
until 2016 that Taiwan adopted IPE as a formal part of the teaching curriculum for clinical
healthcare education [8,9].

Interdisciplinary teaching (IDT) is a strategy used in academic programs that include
IPE because it incorporates principles from multiple disciplines in order to provide a richer
understanding of a topic. Liu [13] indicated that IDT is a collaboration of healthcare profes-
sionals across multiple areas, which can enhance the quality of patient care [1]. The complex
nature of healthcare systems involves components that differ yet are interconnected [14].
Thus, providing education from nursing faculty with a broad range of knowledge and an
understanding of the complexity of the healthcare system could allow nurses to have a
better grasp of the technological and methodological challenges of patient care [3]. The
importance of facilitating IDT in higher education in the sciences and medicine has been
recognized by several universities worldwide including the United States, Germany, and
Japan [15]. However, in Taiwan, IDT at the level of higher education is in the developmental
stage, particularly for healthcare education. Therefore, the effectiveness of IDT in higher
education in Taiwan needs further exploration.

Although studies have investigated IDT, there is no consensus on how the effective-
ness of this teaching format should be evaluated [16–20]. Creativity and innovation are
considered important core competencies for nursing students in Taiwan [21]. While there
has been an increasing interest in interdisciplinary teaching in Taiwan, there is a handful
of empirical evidence to support the effectiveness of this process [21,22]. Additionally,
creativity has been shown to be increased through training [21–24]. Whether a creativity
training program is effective requires a valid assessment of creativity [21,25].

The Torrance Tests of Creative Thinking (TTCT) are a valid predictor of creative
achievement and scores are highly related to divergent thinking scores [26–28]. However,
only a few studies have examined the effectiveness of creativity training programs focused
on higher education [29] or nursing education [21,22], especially for nursing students in
Taiwan, and whether it can help them work collaboratively.

2. Materials and Methods
2.1. Objective of Research

The objective of this research was to evaluate whether an Interdisciplinary Teaching
(IDT) can enhance divergent creative thinking and team creativity for Interprofessional
Education (IPE) capstone course for nursing students.

2.2. Research Design, Participants, and Procedure

A quasi-experimental study with a pretest-posttest design was comprised of a non-
equivalent intervention group and a control group of nursing students. Nursing students
enrolled in an IPE capstone course were recruited from a university of science and technol-
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ogy in northern Taiwan. The 18-week capstone course is part of a 2- and 4-year nursing
program. The course is focused on applying design thinking to define a healthcare problem,
generate ideas for products that could solve the problem, and create and test a prototype of
a patentable healthcare-related product.

We used G*Power to calculate the required minimum sample size and used F-test
(ANOVA), with effect size set to 0.25 (medium effect), confidence level set at 95%, power
as 0.8, and n = 2 for groups. The minimum sample size required was determined to be
128 [30]. Information packets about the program were provided to 177 nursing students,
and 145 agreed to participate and provided written informed consent. Students were
unaware of any difference in faculty teaching the course at the time of enrollment. The
145 nursing students were divided into two groups: The intervention group (n = 61) was
taught by interdisciplinary faculty from departments of nursing and design. Students
enrolled in the course were from the nursing program and a design program from another
university. The control group (n = 84) received traditional teaching from the nursing faculty.
Participants were given a coded packet containing paper-and-pencil questionnaires to be
filled out on the first day of the semester and after completion of the course at the end of
the semester. The flowchart of the study is shown in Figure 1.

Int. J. Environ. Res. Public Health 2022, 19, x 3 of 10 
 

 

2.2. Research Design, Participants, and Procedure 
A quasi-experimental study with a pretest-posttest design was comprised of a non-

equivalent intervention group and a control group of nursing students. Nursing students 
enrolled in an IPE capstone course were recruited from a university of science and tech-
nology in northern Taiwan. The 18-week capstone course is part of a 2- and 4-year nursing 
program. The course is focused on applying design thinking to define a healthcare prob-
lem, generate ideas for products that could solve the problem, and create and test a pro-
totype of a patentable healthcare-related product. 

We used G*Power to calculate the required minimum sample size and used F-test 
(ANOVA), with effect size set to 0.25 (medium effect), confidence level set at 95%, power 
as 0.8, and n = 2 for groups. The minimum sample size required was determined to be 128 
[30]. Information packets about the program were provided to 177 nursing students, and 
145 agreed to participate and provided written informed consent. Students were unaware 
of any difference in faculty teaching the course at the time of enrollment. The 145 nursing 
students were divided into two groups: The intervention group (n = 61) was taught by 
interdisciplinary faculty from departments of nursing and design. Students enrolled in 
the course were from the nursing program and a design program from another university. 
The control group (n = 84) received traditional teaching from the nursing faculty. Partici-
pants were given a coded packet containing paper-and-pencil questionnaires to be filled 
out on the first day of the semester and after completion of the course at the end of the 
semester. The flowchart of the study is shown in Figure 1. 

 
Figure 1. Flowchart of interdisciplinary teaching intervention in teaching creativity and the control 
group. 

Data were collected between September 2019 and January 2020 from survey ques-
tionnaires. One questionnaire was used to obtain data regarding participants’ de-
mographics (age, gender). Two self-report questionnaires were used to measure divergent 
creative thinking and team creativity, as described below. 

2.3. The Intervention Program 
Students in the IDT intervention group met together for three 4-h workshops. How-

ever, most collaboration and communication occurred electronically via web conferencing 

Figure 1. Flowchart of interdisciplinary teaching intervention in teaching creativity and the
control group.

Data were collected between September 2019 and January 2020 from survey question-
naires. One questionnaire was used to obtain data regarding participants’ demographics
(age, gender). Two self-report questionnaires were used to measure divergent creative
thinking and team creativity, as described below.

2.3. The Intervention Program

Students in the IDT intervention group met together for three 4-h workshops. However,
most collaboration and communication occurred electronically via web conferencing and
instant messaging services. The first workshop included helping nursing and design
students understand each other’s specialty; instruction in team collaboration; how to create
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online groups for collaborations to discuss weekly tasks and homework updates; and
faculty’s expectations about group presentations of a novel healthcare product and faculty
evaluations. The second workshop involved a visit to a design factory and instruction
in prototyping. During the midterm exam, final workshop, and term exam, students
presented their products to three experts of varying backgrounds (clinical nursing, medical
engineering, and industrial design) who provided feedback to the students about the
design of their prototype. Students in the control group met together in the regular
classroom and received traditional teaching during the classes. They have instructed
the same curriculum structure as students in the intervention group such as three 4-h
workshops, and midterm and final presentations. The major difference between students
in the control and intervention groups is that students in the control group were instructed
by nursing teachers and their teams were formulated by nursing students. An overview of
the intervention is shown in Table 1.

Table 1. The Interdisciplinary Teaching Intervention Program: The three 4-h workshops, and content
of the 18-week capstone course.

Section Time Content

Workshop I 4 h
1. Introduction Guidance on understanding each other’s specialty

2.Team collaboration
Instruction in how to effectively collaborate with others during
presentations of creative healthcare products
Instruction in how to create online groups for discussing weekly
homework tasks and updates.

3. Design thinking
approaches

Introduction to design thinking and case studies of inventions of
healthcare products
Instruction in guiding small groups of students to define
problems from a viewpoint of empathy
Group presentations and feedback from nursing and
design faculty

Interdisciplinary online
group discussions
Design thinking approaches

14 h
Discuss how to observe and define problems from a
design-thinking perspective.
Use of brainstorming verify the results and effectiveness of
different solutions
Use of brainstorming to find the most appropriate solutionWorkshop II (advanced) 4 h

1. Visit a design factory See how a variety of prototyping is used to implement designs
(e.g., 3D printing building blocks/poster/cardboard)

2. Use of design thinking
approach: Prototyping

Communicate with users through the visualization of prototypes.
Use event prototyping to assess needs early and correct
feasible solutions

3. Midterm presentation Group presentation with feedback from three experts
Group work: 10 h
1. Do product and test
2. Use of design
thinking approach

Group implementation of health-related product
Products applicability assessment through testing

2.4. Instruments

Divergent creative thinking was assessed in the Taiwanese version of the Torrance Tests
of Creative Thinking (TTCT) developed by Wu [31]. The Taiwanese version of the TTCT is
based on the TTCT scale of Torrance [32] and was developed to assess the divergent creative
thinking ability in Taiwan. The TTCT has 2 parts: a verbal version, Form B (TTCT-V), and a
figural version, Form A (TTCT-F). In this study, we used the TTCT-F to measure students’
divergent creative thinking abilities since the TTCT-F assessment is a more comprehensive,
reliable, and valid measure of creativity than the TTCT-V 17,22. The TTCT-F is comprised
of four constructs including fluency (number of relevant responses), flexibility (number of
different categories of relevant responses), originality (statistical rarity of the responses),
and elaboration (amount of detail in the responses). The range for the total score of the
TTCT-F is 0–377. The ranges for the subscale scores of fluencies, flexibility, originality, and
elaboration are 0–37, 0–35, 0–114, and 0–171, respectively. Cronbach’s alpha coefficients
were computed to determine the reliability estimates of the TTCT for this study. In this
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study, the Cronbach alpha coefficient for the total score for the TTCT-F was 0.82 and
satisfactory validity was established for this version through factor analyses.

We measured how the nursing students perceived their team’s creativity with the
10-item team creativity scale (TCS) developed by Yang, Xie, & Bao [33]. The scale is based
on the team creativity scale of Farh, Lee, and Farh and was developed to assess the creativity
of teams in China [34]. The 10 items are statements about team members’ behavior during
collaborative activities, such as “team members produce products that are creative”, or
“team members frequently propose suggestions for different solutions by sharing ideas”.
Items are scored on a 5-point Likert scale ranging from 1 (strongly agree) to 5 (strongly
disagree) and the total score is the average of the sum of the 10 items. Scores range from 1–5;
higher scores indicate higher perceived levels of team creativity. The scale has a Cronbach’s
alpha of 0.95 indicating good reliability and factor analysis established satisfactory validity
for the scale [11,33]. In this study, Cronbach’s alpha was 0.95. Table 2 contains example
statements for the TCS.

Table 2. Example Statements of Items for the Team Creativity Scale.

Item During the Capstone Team Activities, Team Members:

1 Produce products that are creative.
2 Use new methods to complete tasks.
3 Find new uses for resources, knowledge, and skills.
4 Frequently propose suggestions for different solutions by sharing ideas.

5 Adopt new methods to resolve questions, even when they expect the
methods might be difficult to execute.

2.5. Data Analysis

After all packets were collected, data were entered into a computer and analyzed
using SPSS version 20.0. Descriptive statistics using the mean and standard deviation (SD)
evaluated the characteristics of the participants and scores on the self-report questionnaires.
Analysis of covariance (ANCOVA) determined if the mean post-test scores for the control
and intervention groups differed. ANCOVA is useful for determining if post-test means,
adjusted for mean pre-test scores, differ between two groups [35].

2.6. Ethical Considerations

The study was approved by the Institutional Review Board (IRB) of the hospital
ethics committees (IRB numbers: 201800212B0) prior to data collection. All data were
collected anonymously. The director of the healthcare program checked for the presence of
a signed consent form and removed it from the packet to ensure the confidentiality of the
students’ information. Only packets containing a signed written informed consent form
were included in the data analysis.

3. Results
3.1. Sample Characteristics and Mean Scale Scores for TTCT-F and TCS

All 145 nursing students were female and the mean age was 21.5 years (SD = 1.19).
There was no significant difference in age between students in the intervention and control
groups. Pre-test and post-test scores for the TTCT-F and TCS are shown in Table 3. There
was no significant difference in pre-test scores between the intervention and control groups.
The total mean scores for all students for the TTCT-F and TCS were 40.46 (SD = 13.35) and
38.26 (SD = 6.08), respectively. The highest mean subscale score of the TTCT-F was for
fluency (M = 19.01, SD = 6.26) and the lowest was elaboration (M = 1.50, SD = 1.93). The
intervention group had significantly higher mean post-test scores than the control group
for total and subscales scores on the TTCT-F and total scores on the TCS.



Int. J. Environ. Res. Public Health 2022, 19, 5875 6 of 9

Table 3. Characteristics, Mean Scale, and Subscale Scores for Nursing Students in the Control (n = 84)
and Intervention Group (n = 61).

Pre-Test Scores Post-Test Scores

All Control Intervention Control Intervention

Characteristics/Scale M (SD) M (SD) M (SD) M (SD) M (SD)

Age (year)
TTCT-F 21.50 (1.19) 21.56 (1.50) 21.34 (0.51) 21.56 (1.50) 21.34 (0.51)

Total (range = 0–377) 40.46 (13.35) 39.89 (13.34) 41.23 (13.43) 42.82 (20.41) 53.86 (15.54)
Subscale

Fluency (range = 0–37) 19.01 (6.26) 18.96 (6.67) 19.07 (5.70) 18.24 (8.78) 22.69 (6.81)
Flexibility (range = 0–35) 10.44 (2.78) 10.20 (2.85) 10.77 (2.67) 11.11 (4.46) 12.70 (2.61)

Originality (range = 0–114) 9.51 (5.05) 9.29 (4.79) 9.82 (5.41) 11.89 (7.98) 16.11 (7.55)
Elaboration (range = 0–171) 1.50 (1.93) 1.44 (1.11) 1.57 (2.68) 1.58 (1.15) 2.36 (1.39)

TCS
Total (range = 0–50) 38.26 (6.08) 39.51 (6.48) 37.35 (6.37) 38.73 (7.35) 42.13 (5.52)

3.2. ANCOVA for the Control and Intervention Group

Differences between the control and intervention groups on post-test scores for teach-
ing behaviors and teaching creativity were compared using one-way ANCOVA, controlling
for pre-test scores are shown in Table 4. There was a significant effect of group type on
post-test scores for the TTCT-F (p < 0.001) and the subscales of fluency (p < 0.001), originality
(p = 0.003), and elaboration (p < 0.001). Total post-test scores were also significantly different
for the TCS (p = 0.02).

Table 4. ANCOVA of adjusted Post-test scores on the TTCT-F and TCS for the Intervention (n = 61)
and Control (n = 84) Groups.

Intervention Control

Construct Post-Test Mean Post-Test Mean SS df MS F p

TTCT-F
Total score 51.73 42.14 3245.92 1 3245.92 10.73 0.001
Subscales
Fluency 21.99 17.80 621.21 1 621.21 11.83 0.001

Flexibility 12.71 11.11 86.78 1 86.78 5.00 0.027
Originality 15.48 11.77 486.32 1 486.32 9.12 0.003
Elaboration 2.29 1.54 20.‘1 1 20.12 11.86 0.001

TCS (total score) 41.56 39.14 201.35 1 201.35 5.45 0.02

4. Discussion

This study investigated the effects of an IDT intervention provided by nursing and
design faculty on creative thinking abilities and team creativity among nursing student
teams in Taiwan. Nursing students who participated in the IDT intervention program
improved scores on the TTCT-F and TCS compared with students in the control group.
These findings confirm our hypothesis that the IDT intervention program had a positive
effect on both creative thinking abilities and team creativity.

Our findings reinforce those of previous studies on the effectiveness of creativity
training programs on students’ creative thinking abilities [23,24]. These findings contrast
with those of Chan, Huang, and Wu who reported a creative thinking course did not
improve figural creative thinking abilities for students in home economics [36]. A possible
explanation for this is that nursing students in this study collaborated with design students
and their collaborative interactions stimulated their creative abilities. Our findings are
also consistent with previous studies that showed creativity training improved Taiwanese
nursing students’ self-perceived abilities of creativity [21,37]. However, the sample size in
the study by Ku et al. [37] was too small to demonstrate a significant improvement.
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All post-test subscale scores for the TTCT-F also increased for students in the IDT
intervention program. This finding contrasts with the study by Liu et al. [31] who reported
the TTCT-F subscale score for elaboration did not improve for nursing students who
received IDT from faculty with creativity training. One possible explanation could be that
the intervention program integrated design thinking tools as a component of the creative
teaching strategy and fostered nursing students’ elaboration of creative thinking abilities.
The increase seen in our study across all subscales of the TTCT-F may be due to the structure
of the workshops and the additional component of online group discussions which may
have strengthened students’ creative skills.

This is the first study to report a significant improvement in team creativity for nursing
student teams following training in design thinking and creativity. The significant increase
in mean post-test scores on the TCS suggests the IDT intervention had a positive impact
on nursing students’ perception of their team’s creativity. Instruction not only in design
thinking and creativity but also the ongoing collaboration that the online groups allowed,
may have increased the ability of the student teams to develop a more positive perspective
of the team’s creative abilities. Our findings regarding the effectiveness of IDT and exposure
to creativity skills on team creativity expand on previous findings showing significant
improvement in student interdisciplinary thinking, interprofessional collaboration skills,
and creative process skills following an IDT program [16–18].

The findings have some limitations. First, our quasi-experimental study employed a
nonrandom design, which may not control for all factors that influence the inner validity
of the experiment. On the other hand, a quasi-experimental study with a non-random
design prevents concluding causal associations between the intervention and outcomes. In
addition, the IDT was a short-term intervention. Therefore, a longitudinal study such as
a generalized estimating equation (GEE) analysis is recommended for future studies [13].
Second, we only assessed students from one university, which limits the applicability of our
findings, and the lack of male participants limits the generalization of our findings. There-
fore, future studies should include participants from other nations with varied cultural and
gender diversity. future research in this area would be strengthened by assessing team inter-
disciplinarity from the perspective of non-nursing students who participate in IPE nursing
program capstone courses [13,38]. Finally, our analysis of team creativity was derived from
students’ self-reported perceptions and may not provide an objective reflection of team
creativity. Therefore, we recommend that future studies include objective measurements,
such as nursing students’ grades or faculty-scored standardized creativity assessments.

5. Conclusions

This study explored the effects of IDT intervention delivered by nursing and design
faculty on creative thinking abilities and team creativity among nursing students in Taiwan.
Our findings indicated that the mean total score of 40.46 (SD = 13.35) on the Taiwanese
version of the TTCT-F is lower than reported for college students [39] and 50% lower than
nursing in the United States [40]. Liu et al. [41] reported similar results. One similarity
between the nursing students in our study and the students in the Washburn University
study scored the lowest on the construct of elaboration. This suggests more emphasis
should be placed on incorporating techniques such as mind-mapping in order to improve
the ability to elaborate on an idea.

The IDT intervention program was designed to nurture and enhance creative thinking
abilities among nursing students. Our findings are the first to demonstrate that providing
nursing student teams instruction in creativity using IDT can increase students’ creative
thinking abilities and team creativity. The implications of our findings are especially
important for nursing education in Taiwan due to the current emphasis on improving
creativity and innovation for nursing students in Taiwan. We suggest integrating IDT
from nursing and design faculty into the teaching curriculum to foster students’ creative
thinking abilities when formulating interdisciplinary student teams to develop innovative,
creative healthcare products.
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