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Aproject-based learning approach is proposed and tested in this study to explore its feasibility and the effectiveness of such

a pedagogical framework to guide instructors and learners in an interdisciplinary learning context. Objective data from

summative evaluations were collected to understand students’ performance and attitude in their project-based learning

experiences, aswell as to explorewhether the interdisciplinary project-based learning approach improves students’ abilities

to performproject work. The results of this study showed that students did improve their ability to work on group projects

through the engagement and experience of this interdisciplinary PBL.Also, students performedwell on their final projects,

for the instructors were satisfied with their group project performances. Students also expressed positive attitudes toward

the interdisciplinaryPBLapproach as an effective instructional strategy. Based on the findings of this study, discussion and

recommendations are provided on future issues in engineering education, both for practical application aswell as research.
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1. Introduction

The industrial sector in Taiwan is facing severe

pressure to provide low-cost manufacturing and

high-value production. Entrepreneurs are moving

to shift the economy away from the traditional
reliance on low-end manufacturing and heavy

investment spending and seeking to build a strong

base in the technology-intensive and high-return

information industry [1]. In addition, to share

resources to push innovation forwardwith a shorter

time to market, more and more companies are

consolidating and synergizing. The resulting jobs,

which are much more collaborative and interdisci-
plinary in scope, require not only solid technical

competencies but manifold abilities spanning dis-

ciplines from engineering to business management.

In support of this trend, government policies have

accelerated development over the past decade in a

series of national projects, including e-Taiwan

(2002–2007), m-Taiwan (2005–2009), u-Taiwan

(2007–2011), and noticeably i-Taiwan (2009–
2012), to continuously develop the industry of

smart living technologies. These large-scale projects

have involved the joint endeavors of manifold

departments in education, research, technology,

and industry to systematically respond to the

urgent and immense demand for human resources,

who are expected to have more holistic knowledge

and higher-order thinking skills to work together
with professionals and talents from different dis-

ciplines for rapid innovation and increased produc-

tivity [2–4].

Since the creation and growth of industry

depends on human capital to a large extent, a

comprehensive education policy emphasizingmulti-

disciplinary learning is crucial to positive change in
the industry sector. In response to industry practices

that require high levels of interdisciplinary colla-

boration and interaction, efforts have been made in

industrial training and school curricula to develop

engineering professionals and talents who seek

meaningful connections among disciplines that are

intertwined in the real world. Earlier and repeated

exposure to interdisciplinary perspectives and
experiences in school education are regarded as

important if these future employees [5] are to

develop multi-professional skills and advanced

epistemological beliefs to understand the relation-

ships among different disciplines. Business and

industry have partnered with academia on innova-

tion, technology transfer, and the education of the

workforce. However, traditional studies and train-
ing in engineering education are discipline-specific

in nature, with a definite goal of preparing novice

learners for specialization. The current curricula

have been criticized for being fragmented and too

limited in scope to meet students’ educational and

practical goals [6–8], and more attention is being

paid to the idea of interdisciplinary learning in

educational research and practices [8, 9].
Despite the clear importance of interdisciplinary
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learning, substantial barriers to its implementation

remain [10]. Leveraging the teaching and learning

from multiple disciplines can be difficult due to the

foundational influences of disciplinary pedagogies

and educational goals [11]. Pedagogies incorporat-

ing collaborative and inquiry-based learning are
popularly adopted in interdisciplinary teaching

methods [12] to accommodate the needs of multi-

disciplinary students learning altogether. However,

for novice learners, who possess few meta-cognitive

skills to make sense of the interactions among the

different disciplines, the students cannot be left to

piece together disciplinary responses. Instead, an

advanced pedagogical framework is greatly needed
to guide the instructors in integrating and facilitat-

ing student learning. Occasioned by the aforemen-

tioned issues, a project-based learning approach is

proposed and tested in this study to explore the

feasibility and effectiveness of such a pedagogical

framework to guide instructors and learners in an

interdisciplinary learning context. Summative

evaluation was conducted to understand student
performance and attitudes in their project-based

learning experiences, as well as to explore

whether the interdisciplinary project-based learning

approach improves students’ abilities to work on

projects.

2. Teaching-learning methodology: A
project-based learning approach for
interdisciplinary teaching and learning

Project-based learning (PBL), a structured set of

learning activities introduced in the early twentieth

century to motivate student self-learning [13], has

been incorporated to a great degree in many pro-
grams in higher education sectors. From the first,

effective application in engineering education [14] to

pre-service teacher development programs across

disciplines [15], project-based learning has been

proved to be effective because it fosters the integra-

tion of academic and operational approaches to

higher education and instills a high level of motiva-

tion for active learning. Project-based learning
features learning activities in which learners work

collaboratively over an extended period of time to

solve an authentic and challenging problem and

produce an end product to conclude their learning

[16]. It can also be viewed as an activity in which

students foster understanding of a topic or issue

through involvement in solving a real-life problem.

Additionally, project-based learning echoes the
needs of the 21st century for competency in an

extensive and up-to-date store of knowledge, as

well as problem-solving and teamwork skills. It

involves the assumptions of cognitive and social

processes of learning and values interactions in

problem-centered environments [17].

Previous studies in project-based learning have

supported the idea that collaborative and project-

based activities facilitate interdisciplinary connec-

tions and higher levels of university engagement
with industry to meet modern job requirements

[18–20]. Unlike problem-based learning, which

focuses on learners’ reasoning abilities, project-

based learning has attracted particular interest in

engineering education because of its potential to

increase student engagement and improve skill

development [21]. Nevertheless, due to extreme

variation within its short history, project-based
learning encompasses a diversity of approaches,

and no unique model or consistent paradigm has

been adopted. The fundamentals comprise the driv-

ing questions and the tasks that lead to the produc-

tion of a final product [22], which anchor and

motivate students to construct an internalized fra-

mework of all the related perspectives, concepts,

ideas, andmethods of inquiry [23]. These character-
istics of project-based learning, which enhance

opportunities for interdisciplinary learning, help

students to perceive the connections among see-

mingly unrelated domains and facilitate a persona-

lized process of organizing knowledge [15]. As [24]

noted, the features of project-based learning con-

tribute greatly to interdisciplinary learning. An

interdisciplinary project can serve as a catalyst to
facilitate students’ cognitive, affective, and skill-

oriented learning by providing team tasks that

intertwine challenges from various disciplines [25,

26]. The composition of interdisciplinary student

teams will positively influence students’ perception

of learning outcomes across the intellectual, prac-

tical, social, and personal dimensions in PBL engi-

neering courses [27]. Also, cognitive (i.e., guidance,
clarification, and suggestion) and affective (i.e.,

comment, confirmation, and encouragement) sup-

port must be provided by interdisciplinary instruc-

tors to facilitate the PBL learning process [28].

In learners’ accounts, project-based learning is

widely reported to be well-received, as measured by

mandatory student satisfaction surveys and infor-

mal feedback [29, 30]. However, the significant
investments of time and resources by the instructors

in both the development and the implementation

stages of project-based learning often discourage

instructors fromadopting it [31].Moreover, instruc-

tional support in developing resources and materi-

als and technological support in managing massive

amounts of content and interactions in class are

strong requirements [32]. For a context with inter-
disciplinary instructors and students, a guiding

framework, as suggested by previous studies [33],

is essential to ensuring the effectiveness of teaching
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and learning. Also, there are different problem

identified and solutions suggested by [33] to the

difficulties instructors may encounter in adopting

PBL in each phases. In consideration of the devel-

opmental nature of project-based learning, this

current study adopted a PBL approach as the
framework for detailed and committed team plan-

ning and increased resources to guide interdisciplin-

ary instruction and learning.

3. Method

3.1 Participants

Forty-two learners and twenty-two instructors of
various disciplines participated in this study.

Regarding the students, thirty-five of them

(83.3%) were at graduate level, and seven (16.7%)

were at undergraduate level. Most of the student

participants were from disciplines in science and

engineering (83.3%), and 16.7%hadbackgrounds in

the humanities and social sciences. Students formed

7 interdisciplinary groups of 5–6 members to work
on the project-based learning activities for the

semester. Collaborative teaching was provided by

instructors from various disciplines, including engi-

neering, natural science, medicine, the social

sciences, the arts, and the humanities.

3.2 Context of the study

This studywas conducted in a formal course entitled

‘‘Seminar of Smart Living Technologies’’ at the

senior level at National Taiwan University. The

theme of the course involved concepts and knowl-

edge from different disciplines related to the devel-
opment and application of smart living technology.

For the 18-week course, one topic was assigned

weekly and collaboratively taught in forms of

paired team-teaching by two experts in engineer-

ing/science and the humanities/social sciences. The

interdisciplinary compositions of the subjects,

instructors, and learners of the study made the

overall context extremely complex. As shown in

Figure 1, the instructors’ teaching styles and meth-

ods may have been influenced by their primary

institutions, and students with different back-
grounds may have varied in terms of their compre-

hension and interpretation of the instructions

because the subject matter involved interactions

among manifold practical and theoretical issues

across multiple disciplines.

In order to facilitate student learning and coordi-

nate communications within the complicated net-

work of interdisciplinary teachers, a course website
was established to support the storage, presenta-

tion, and exchange of content materials for both

lectures and project work.With the implementation

of project-based learning, additional features were

integrated into the course website to provide groups

of students with space for their project activities,

including synchronous chat and asynchronous dis-

cussion. The project-based learning approach
implemented in this study was developed by [34]

and revised in [32] for implementation in interna-

tional distance courses for interdisciplinary partici-

pants, and it proved to be effective for project

teamwork.

As shown in Figure 2, a three-stage framework

was adopted to describe learners’ tasks and activ-

ities during the project-based learning. The first
stage of preparation focused on acquainting stu-

dents with the thematic knowledge and main learn-

ing objectives of the course. In the beginning, smart

living technologies were introduced and five pre-

defined critical issues were disclosed, and students

were required to form groups with members from

both engineering/science and the humanities/social

sciences to work on one of the issues as their project.
This initiated the second stage of implementation.

The five issues of application included attentive,

sustainable, medical, infrastructure, and entertain-

ment technologies that traversed the disciplines and

skills of engineering, science, the humanities, and

the social sciences (i.e., psychology and sociology),

reflecting the interdisciplinary nature of smart living

technologies. Extensive instructions regarding dis-
cipline-specific applications of smart living technol-

ogies were given in the second stage to acquaint

students with manifold perspectives and methods.

This stage ended with presentations by the students

on their initial ideas for the projects, design plan,

and projected schedules. For the final stage of

completion, which focused on the evaluation and

modification of the learners’ projects, students
made continuous modifications to the project arti-

facts in response to feedback from evaluations and

their reflections on their progress in this course.
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3.3 Instruments

To evaluate students’ abilities to complete project

work and their learning performance, and to collect

students’ attitudes toward and feedback on the

interdisciplinary engineering course, 3 instruments

were developed by the researchers. The first, an

assessment of the ability to work on group projects,
was designed to collect students’ perceptions of their

group work abilities and to understand whether the

interdisciplinary project-based learning approach

improved students’ abilities to plan and execute

projects. This assessment was composed of six

items scoredona 6-point Likert-type scale, followed

by open-ended questions to understand students’

background knowledge and project work or PBL
experience. The second instrument was a group

project performance evaluation form, which

included seven items scored on a 6-point Likert-

type scale to determine how well the students

achieved the goals of their project work and open-

ended questions to collect suggestions or comments

on improving the project work and performance.

The third instrument was the attitude survey on the
interdisciplinary PBL approach, intended to collect

students’ attitudes toward this PBL group-learning

experience. This survey questionnaire also had six

items scored on the same Likert-type scale along

with open-ended questions to collect students’

reflections on their interdisciplinary PBL experience

and other comments and suggestions regarding this

approach. The items of assessments are presented in
detail in Table 1.

4. Main results

4.1 Students’ perceived abilities to work on group

projects

To understand how the interdisciplinary PBL
approach would affect students’ abilities to work

on projects, at the beginning and end of the seme-

ster, students were asked to self-evaluate their own

related abilities. As shown in Table 2, at the begin-

ning of the course, the students expressed that they

were more proficient in collecting information

(3.56), setting a learning goal (3.54), organizing

and summarizing information (3.51), and develop-
ing a learning plan (3.56) than managing the learn-

ing progress (3.21) and self-evaluating the learning

outcome (3.21). At the end of the semester, all six

types of abilities were significantly improved (t(38) =

4.025 � 7.550, p < 0.001). The ability to organize

and summarize information (4.51) improved the

most, followed by collecting information (4.23),

setting a learning goal (4.21), developing a learning
plan (4.18), self-evaluating the learning outcomes

(4.15), and managing the learning progress (4.08).

It was obvious that after a semester working with

the interdisciplinary PBL approach, students per-

ceived improvements in their abilities to work on

group projects. The scores on all items improved,

and the average score also increased from 3.41 to

4.23 (t(38) = 7.175, p < 0.001), with statistically
significant differences. As seen in the feedback

from open-ended questions, students indicated

that they had learned to see project teamwork as
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Fig. 2. The PBL model developed by this study.

Table 1. Research instruments adopted in this study

Instrument Measurement Administration

Assessment of ability towork on
project work

Self-evaluation of project work abilities (6 items)
Open-ended questions (reflections on previous project
work or PBL experience, comments and suggestions)

Beginning of the course (pre-test)
End of the course (post-test)

Group project performance
evaluation form

Group project performance (7 items)
Open-ended questions (Suggestions, comments to
improve project work and performance)

Final group project presentation

Attitude survey of the
Interdisciplinary PBL approach

Attitude toward the interdisciplinary PBL approach
(6 items)
Open-ended questions (reflections on interdisciplinary
PBL experience, comments and suggestions)

End of the course



more focused on collaborative work and under-
stood the importance of project management.

Therefore, they felt that they had developed better

abilities towork on group projects after engagement

in this interdisciplinary PBL work and believed it

would help them in future learning and groupwork.

4.2 Group project performance evaluation

The overall evaluation of groups’ project perfor-

mance is presented in Table 3. Although students

did not demonstrate high confidence in their abil-

ities to work on group projects at the beginning,

group project performance was generally good after

a semester of interdisciplinary PBL work. Based on

instructors’ evaluations, the concepts and ideas
proposed by each group were considered to be

clearly conveyed, and more importantly, as feasible

for the theme of smart living technology. With

reference to the feedback from the open-ended

questions, the results did reflect the authentic

nature of the project-based learning activities.

Also, students maintained that the exposure to

interdisciplinary perspectives from the instructors
from different institutions, including the industrial,

education, and government sectors, helped them to

cross-reference and integrate multidisciplinary per-

spectives. On the other hand, students thought that

the interdisciplinary topics of the subject made it

challenging for them to demonstrate creativity,

since fundamental but discipline-specific knowledge

could require considerable time and resources to
learn. Figure 3 showed the real artifacts in different

forms student groups developed that are challen-

ging but they actually transformed the wide ideas

into real products and prototypes.

4.3 Students’ attitudes toward and reflections on

the interdisciplinary PBL approach

Table 4 also sheds light on how students perceived
their learning experience with the interdisciplinary

PBL approach. On the attitude survey, the stu-

dents expressed positive attitudes in all aspects.

Specifically, they were interested in this interdisci-
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Table 2. Students perceived abilities to work on group projects: pre-test vs. post-test

Pre-test Post-test

Item Mean SD Mean SD t

1. Collecting information and reference resources 3.56 0.91 4.23 0.84 4.238***
2. Organizing and summarizing information 3.51 0.82 4.51 0.72 7.550***
3. Setting a learning goal 3.54 1.17 4.21 0.73 4.025***
4. Developing a learning plan 3.46 1.14 4.18 0.85 4.172***
5. Managing the learning progress 3.21 1.08 4.08 0.77 6.537***
6. Self-evaluating the learning outcome 3.21 0.92 4.15 0.78 6.096***

Average 3.41 4.23 7.175***

Table 3. Group project performance with the interdisciplinary PBL approach

Item Mean SD

The group successfully conveys the project concepts and ideas. 4.33 0.62
The concepts and ideas of the group project are complete. 3.80 0.72
The concepts and ideas of the group project are feasible and fit the course theme of Smart Living Technology. 4.38 0.67
The concepts and design of the group project are specific and practical. 4.13 0.61
The ideas and design of the group have great potential for actual implementation. 4.03 0.73
The group project is innovative and creative. 3.75 0.81
I like the ideas and design in this project. 4.08 0.76

Fig. 3. Project artifacts of attentive communication and environ-
mental control system.Top:Groupware for restaurant searching;



plinary and interactive course (M = 4.38), moti-

vated to actively learn and participate in this

course (M = 4.21), enjoyed learning the knowledge

and skills presented in this course (M = 4.31),
enjoyed interacting with peers from different dis-

ciplines (M = 4.26), and felt confident that their

learning in this course would be successful (M =

4.29). It is noteworthy that students did not have

too much difficulty in learning subject matter from

other disciplines (M = 2.88).

Furthermore, from the comments and feedback

on the open-ended questions, for the whole seme-
ster, the activity that made the greatest impression

on the students was the interdisciplinary PBL

group work with collaborative learning. Students

thought that their experiences with the interdisci-

plinary PBL approach had multiple advantages. In

terms of communication, even though group mem-

bers had different academic backgrounds, they

were willing to express their opinions and commu-
nicate well under the PBL context. In terms of

knowledge exchange, students expressed that they

benefitted from the interdisciplinary brainstorm-

ing, which stimulated their minds, and they could

understand the thinking patterns and research

approaches of each member. In terms of project

execution, the interdisciplinary team allowed mem-

bers to bring their professions, including knowl-
edge and skills, into full play and increased the

degree of project practicality. Moreover, students

gained an understanding of the values of the other

disciplines and learned to respect one another’s

professions.

‘‘Collaborating with interdisciplinary group members
can help me to understand other domains’ research
approaches and experience sharing.’’ (s1)

‘‘I think the students that come from different domains
not only have dissimilar perspectives toward the same
issue but also have different approaches when conduct-
ing affairs. Even the report presentation style shows the
differences with different backgrounds. However, the
collaboration between humanities and technology stu-
dents indeed can increase the project practicality, and
we are able to know what ideas are feasible more
quickly.’’ (s2)

‘‘Under the collaboration among team members,
everyone can bring their specialties into full play.’’ (s3)

5. Discussion

The main purposes of this study were to examine

how the project-based learning approach could be

implemented in an interdisciplinary learning con-

text and to explore its pedagogical effects and the
feasibility of this approach for interdisciplinary

engineering education. Results of this study

showed that the interdisciplinary PBL approach

could significantly help students to improve and

develop the essential abilities for working on

group projects. This finding is consistent with

research by [35], who found that project process

skills would be developed in an interdisciplinary
problem-based learning environment in engineering

education. In addition, due to the focus on a project

artifact that anchored student learning to a final

product, students’ project concepts and outcomes

were feasible and practical. Student motivation and

focus were easier to maintain with a clear goal of a

project artifact to be achieved.

In this study, the students believed on the first day
that they would perform better on the abilities of

collecting information, organizing information, set-

ting learning goals, anddeveloping the learning plan

than on managing the learning progress and self-

evaluation of the learning outcome. However, the

differences among those abilities were not obvious

after their involvement in the semester-long course

and engagement in the interdisciplinary PBL work.
Using pre-scheduled progress reports set by the

instructors, students learned to review their project

work for both the processes and the outcomes,

which may have helped them develop the abilities

and skills to better manage both their group project

work and their individual learning strategies.

In general, students’ group project performance

was improved through this interdisciplinary PBL
course. Under the project-based learning frame-

work, students were aware of the necessary tasks

andprocesses to be achieved and thereforemanaged

to plan and execute the project effectively. The

instructors could also follow the framework to

monitor and facilitate students’ learning and further

provide necessary resources and assistance. As [36]

pointed out, the interdisciplinary interactive project
was a suitable method for demonstrating the prac-
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Table 4. Students’ attitude toward the interdisciplinary PBL approach

Item Mean SD

I am interested in this interdisciplinary and interactive course. 4.38 0.73
I am motivated to active learning and participate in this course. 4.21 0.72
I have difficulty learning subject matter from other disciplines. 2.88 1.25
I enjoy learning the knowledge and skills presented in this course. 4.31 0.81
I enjoy interacting with peers from different disciplines. 4.26 0.94
I feel confident that my learning in this course will be successful. 4.29 0.67



tical needs of the professional engineering field.

With regard to the group project performance in

this study, the project outcomes were generally

evaluated as feasible for the course theme, practical

to be implemented, and successful in conveying the

design concepts to the audience. The instructors, as
evaluators, were satisfied with the ideas students

presented, even though the innovation and comple-

teness did not meet initial expectations. The combi-

nation of engineering and non-engineering students

in interdisciplinary teams was intended to inspire

students to view issues from various perspectives

and to encourage the emergenceof creative concepts

through sharing and exchanging ideas between the
humanities and technology professions. However,

the relatively low numbers of non-engineering stu-

dents in each group in this studymight have resulted

in a lack of more comprehensive understanding or

considerations of humanities and social science

perspectives during work on the group projects.

‘‘I would have to admit that my ‘interdisciplinary’
knowledge was really advanced through the lectures
given by many professionals. As an engineering stu-
dent, I was not familiar with those approaches and
instruments in humanities and social science in the
beginning. But during our interview with the elder
users, I had this chance to see and realize how users’
psychological features and the reality in their life
should be taken into consideration, and could be
inquired by the questionnaire.’’ (s4)

Overall, the students expressed positive attitudes

toward the interdisciplinary PBL approach. The

comments and evaluation results indicated that

the students were enthusiastic about participating

in the course and valued learning interdisciplinary

knowledge, interacting with team members from

different disciplines, and developing confidence in
learning. The results corresponded to past studies

[37, 38] reporting that interdisciplinary learning

could provide students with favorable and positive

learning experiences, and that the students would

express higher interest in the class, be simulated to

think and learn, have effective communication and

collaboration on the topics, learn a great deal, and

acquire the ability to integrate disparate areas of
knowledge. The findings support the success of

using the instructional pedagogy of project-based

learning as the guiding framework with a focus on

the arrangement of themes and contents to be

included in this newly developed interdisciplinary

course.

6. Conclusion

From the experiences learned in this study, it is

suggested that instructors should not merely intro-

duce the PBL approach to the course; instead, they

need to design learning issues and activities while

providing useful supplementary materials as gui-

dance to facilitate the project work. If the inter-

disciplinary knowledge contains multidimensional

issues, such as the Smart Living Technology in this

study, collaborative team-teaching by instructors
across disciplines can effectively provide multiple

perspectives to help students see thewhole picture as

they approach learning issues and project work.

Furthermore, this study adopted the pedagogical

framework of project-based learning to contend

with the rather complex context ofmultidisciplinary

instructors and learners and interdisciplinary sub-

ject matter. Students affirmed the success of the
interdisciplinary PBL approach according to the

strategic guideline of applying disciplinary knowl-

edge they had learned in the course, that also coined

solutions to solve difficulties of project-based learn-

ing for greater success. More importantly, it is

strongly supported that project-based learning

facilitates students’ integration of multidisciplinary

perspectives into a focused artifact. On the other
hand, the challenges encountered by the students in

this study, such as insufficient communication and

struggles to achieve innovative thinking, could be

affected by the primary limitation of the enrollment

structure of this course. While this study was con-

ducted in a formal course for the sake of authenti-

city, control of the context was constrained at the

same time. More operative design for educational
experiments to equalize the compositions of the

student groups is suggested for future studies.

Also, more sophisticated learning activities should

be developed to help enhance student communica-

tion and improve their comprehension of the new

interdisciplinary learning context. Though the

interdisciplinary PBL approach was demonstrated

tobe successful in this current study, and could serve
as the basis for practical interdisciplinary learning

applications, inferences from the findings of this

case study should be drawn with caution and with

attention to the context. It is recommended that

further investigations also focus on the features of

group members, the compositions of groups, and

the interaction patterns of different groups.
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