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In this paper, we explore how to apply Problem-Based Learning (PBL) to enrich the design of interdisciplinary education

programs and facilitate the integration of big data engineering education into business contexts. Theoretically, we take

social constructivism as the theoretical root of PBL, which highlights principles of student-centered learning, active

learning, learning by doing, group learning, teachers’ facilitation of the learning process, etc. In designing an education

program, it is necessary to align diverse elements of PBL, including (1) objectives and outcomes; (2) types of problems,

projects, and lectures; (3) progression, size, and duration; (4) students’ learning; (5) academic staff and facilitation; (6)

space and organization; and (7) assessment and evaluation. This leads to a discussion of a case on developing a new

Bachelor of Education programof ‘‘BigData +Business Administration’’ atNortheasternUniversity (NEU), China. The

case shows how PBL is applied in practice for the development of interdisciplinary engineering education and reflects how

NEUmanaged institutional and cultural challenges in the process of changes. This paper provides implications for better

developing interdisciplinary engineering education in the future.
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1. Introduction

It has been increasingly recognized that the essence

of engineering education is to prepare the future

21st-century workforce with the required knowl-

edge, skills, and abilities, where students can take

what they learn in the classroom to solve real-life

problems in diverse contexts [1]. As there is com-

plexity in solving any real-life problem [2], inter-

disciplinary engineering education has been paid
more attention than ever. As Kennedy and Odell [3]

suggested, the current state of engineering educa-

tion has evolved into an integrated effort that

removes the traditional barriers between different

subjects and focuses on innovation and the applied

process of designing solutions to complex contex-

tual problems using current tools and technologies.

Accordingly, engaging students and teachers in
high-quality interdisciplinary learning and teaching

contexts requires efforts to make the education

programs to include rigorous curriculum, instruc-

tion, assessment, and management. Meanwhile,

educators, industry, and the business community

should work as a team to develop curricula that will

enhance this expectation [4, 5]. In addition to

curricula development, collaboration between
schools and professionals in the industry should

include internships, mentoring, delivery of hands-

on activities in the classroom, and diverse outreach
activities to introduce students to careers in inter-

disciplinary fields to learn fundamental skills [1, 6].

This has led to a number of recent studies on how to

develop interdisciplinary pedagogies and design

interdisciplinary programs [7]. Among the dis-

cussed strategies, problem-based learning (PBL) is

a popular approach to meet the requirements of

changes from traditional single disciplinary educa-
tion to interdisciplinary models [8].

PBL is an approach to learning in which students

engage with complex, real-world situations that

have no one ‘‘right’’ answer and are the organizing

focus for learning. Students work in teams to

confront the problem, identify learning gaps,

develop viable solutions, and gain new information

through self-directed learning. The diverse activities
such as lectures, seminars, workshops, or labora-

tories support the inquiry process rather than

transmit subject-based knowledge [9]. PBL has

been seen by many to be synonymous with Pro-

ject-Based Learning because in both contexts, stu-

dent-centered learning models are encouraged, and

the role of the teacher is not only to communicate

knowledge, but in particular to act as a facilitator of
the student learning process. There are also discus-
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sions on differences between them: in Project-Based

Learning, students are required to produce a

solution or strategy to solve the problem, whereas

in PBL, it also involves the management of process

of organizational changes. Accordingly, Project-

Based Learning is more often seen as a teaching
technique rather than an overall educational strat-

egy like PBL [9]. In this sense, stressing the inter-

disciplinary dimension in PBL might be a viable

way to supplement the learning objectives of the

formal curriculum [10, 11] that takes project-based

learning as the key method in practice. In general,

when developing interdisciplinary education, the

relevant dimensions should be considered. These
include awareness of professional and disciplinary

perspectives, appreciation of disciplinary and cross-

disciplinary perspectives, recognition of disciplin-

ary limitations, interdisciplinary evaluation, ability

to find common ground, reflexivity, and integrative

transversal competences [8]. It is also essential to

facilitate changes that aim at breaking the bound-

aries of traditional disciplines and institutional
structures, which requires joint efforts of all parti-

cipants.

This paper explores how to take PBL as an

approach to design an interdisciplinary program

and how to break traditional boundaries in engi-

neering education. A case will be discussed on

designing a new bachelor program on ‘‘Big Data

+Business Administration’’ in aChinese university.
This leads to reflections on how to manage institu-

tional and cultural challenges. Since those chal-

lenges are recognized as both contextual-specific

and contextual-general, this paper has significance

for developing diverse models of interdisciplinary

engineering education around the world in the

future.

2. Theoretical Understanding of
Interdisciplinarity and Engineering
Education

2.1 Interdisciplinarity in Engineering

Today, engineers are confronted with a huge
amount of information and a large number of

methods and approaches to be applied to problems

in an ever more complex world. The engineering

work lies at the interface between science and

society [10]. It is about solving real-life problems

using a systematic approach, subject to economic,

environmental, social, and other constraints. The

traditional professional profile of engineers has
changed: engineers should not only master ‘‘hard

knowledge and skills of engineering’’ but also gain

understanding of the language and principles of

‘‘soft science’’ [2, 12]. They are expected to address

environmental, regulatory, economic, and human

constraints and to put forwards creative and inno-

vative solutions that take account of these wider

issues within the context of what is technically

feasible [8]. In other words, engineering requires

knowledge in humanities, social science, and other

fields as well as abilities across those fields.
Increasingly, ‘‘interdisciplinarity’’ has been

emphasized as one of the elements for understand-

ing the essence of engineering practice [10]. Accord-

ing to Lattuca et al. [13], interdisciplinarity can be

understood as a process of answering a question,

solving a problem, or addressing a topic that is

broad or complex to be dealt with adequately by a

profession, and it draws upon different disciplinary
perspectives and integrates their insights through

construction of a more comprehensive and sys-

tematic perspective. From this definition, we learn

that interdisciplinarity integrates disciplinary con-

tributions and thus obscures the separate contribu-

tions of individual disciplines [2]. Undoubtedly, the

process of achieving such integration requires iden-

tifying, evaluating, and rectifying differences
between disciplinary insights to achieve a new

understanding. Such cognitive achievement

cannot be gained without synthesis of disciplinary

methods, knowledge, or insights into something

new [14]. For example, contextual knowledge and

mathematical and computational thinking are

often integral to the design process that allows

engineers to run tests and mathematical models
and assess the performance of a design solution

before prototyping [1].

2.2 Interdisciplinary Engineering Education

The design and development of education always

respond to the needs of societal changes. As sug-

gested by Zhou and Krogh [11], educational
reforms were often propelled by developments

acting as many different levers such as shaping

attitude, creating opportunities, changing manage-

ment, and promoting shifts in policies, practices,

and programs. Driven by recognition of interdisci-

plinarity in engineering practice, we call for a new

type of engineering education by which engineers

are trained to learn to combine theories, concepts,
and methods from different disciplines in a single

context [16]. Therefore, we can see interdisciplinary

courses, curricula, and programs are proliferating

in disciplinary departments in different cultures,

which has offered compelling cases and evidence

that interdisciplinary engineering education be-

comes a mainstream [4, 15].

In comparison with disciplinary learning, inter-
disciplinary learning is expected to provide learners

with many more opportunities to relate new knowl-

edge to previously acquired knowledge; therefore,

learning becomes more effective [7]. There has also
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been increased interest in how to design, teach, and

assess learning and teaching that explores how to

enable teachers to document how students attain

competence in the process of interdisciplinary pro-

blem solving and integration [10, 17]. In pursuit of

designing and developing interdisciplinary educa-
tion, recent studies have suggested different princi-

ples that emphasize student-centered learning [11],

authentic learning [18], integrative learning [19],

reflective teaching [20], collaborative practice [21],

etc. These ideas have formed the basis to apply

diverse models in practice, such as PBL [8], dis-

cover-based learning [22], practice-based learning

[1], design-based learning [23], inquiry-based learn-
ing [24], etc. These approaches reinforce the inte-

gration of multiple sources of information and

perspectives, higher-order critical thinking skills,

and experience of learning by doing in group

work that all require authentic learning settings.

However, in traditional universities, the application

of new pedagogical models and the development of

interdisciplinary engineering education have to be
developed carefully and proceed step by step. In

other words, a process of incremental innovation is

required [8]. According to Ivanitskaya et al. [25], a

four-stage interdisciplinary education model is pro-

posed:

(1) Unidisciplinarity, in which the learner focuses

on one relevant discipline and acquires unidis-

ciplinary knowledge;

(2) Multidisciplinarity, in which the learner

focuses on several disciplines but addresses

each one separately;
(3) Limited interdisciplinarity, in which the learner

integrates several disciplines around a central

topic, identifies the weaknesses and strengths of

the perspectives that stem from the different

disciplines, and, as a result, develops critical

thinking skills; and

(4) Extended interdisciplinarity, in which the lear-

ner acquires meta-cognitive skills and is able to
transfer the interdisciplinary knowledge to new

subjects.

Additionally, we should recognize that the pro-

cess of developing interdisciplinary education is

always full of challenges for most students. Being

interdisciplinary learners, students are expected to

integrate information, data, techniques, tools, per-

spectives, concepts, and/or theories from two or

more disciplines to craft products, explain phenom-

ena, or solve problems in ways that would have
been unlikely through single-disciplinary means

[13, 25]. At the same time, in many ways, it is even

more challenging for teaching and management

staff, who will be crossing borders and charting

new terrain where they need tomakemany efforts in

achieving common goals [4, 7]. This further under-

pins the need for a systematic perspective to design

and develop powerful pedagogies and appropriate

management strategies that enable and ensure

students and teachers to engage themselves in

meaningful learning and teaching experiences in
interdisciplinary contexts.

3. Designing Educational Programs with
PBL

3.1 Theoretical Root of PBL

As mentioned, there has been growing recognition
that PBL is one of the most innovative pedagogies

in engineering education. PBL encourages students’

open-minded, reflective, creative, critical, and

active thinking skills [10, 18] that are all keys to

gain successful interdisciplinary learning experience

[11]. This has been evidenced by theories and

empirical work in contemporary learning studies,

which have increasingly recognized learning as a
fundamental activity of being cognitive, contextual,

social, and cultural [27]. Among all theories dis-

cussed, we take social constructivism as the theore-

tical root of PBL.

Social constructivism is a theory of knowledge

in sociology and communication theory that

examines the knowledge and understandings of

the world that are developed jointly by individuals
[10]. This theory is strongly influenced by Vygots-

ky’s work [28] and suggests that knowledge is first

constructed in a social context and then interna-

lized and used by individuals. It highlights that

reality is not something that individuals can dis-

cover because it does not pre-exist prior to their

social invention of it. Humans as learners are

perceivers and interpreters who construct their
own interpretations of the physical world through

cognitive, interpretive activities that construct

mental models [27]. This sense-making process

involves accommodating new ideas and phenom-

ena with existing beliefs and the knowledge repre-

sentations that have already been created [8]. The

knowledge that is constructed by a learner consists

not only of the ideas or content, but also knowl-
edge about the context in which it was acquired,

what the knower was doing in that environment,

and what the knower intended from that environ-

ment [29]. In other words, the theory of social

constructivism suggests an understanding of

human thinking and knowledge that depends on

an understanding of social experience, and the

force of the cognitive process derives from the
social interaction.

In educational contexts, social constructivism

encourages the learner’s own version of the truth

that is influenced by his or her background, culture,
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or knowledge of the world that facilitates, utilizes,

and rewards the learner as an integral part of the

learning process [30]. These points further suggest

instructors are introduced as facilitators, not as

teachers. Whereas a teacher gives a didactic lecture

that covers the subject matter, a facilitator helps the
learner to get to his or her own understanding of the

content [31]. Thus, it is advocated that to give the

learner ownership of the problem and solution

process, the instructors should consider learning

as a reflective process instead of seeking a unique

answer [10]. Diverse methods in pedagogical prac-

tice are accordingly encouraged, such as reciprocal

teaching, peer collaboration, cognitive apprentice-
ships, and problem-based instruction [8].

3.2 PBL as an Approach to Systematic Design

In practice, PBL incorporates diverse appropriate

educational strategies to optimize motivation, pro-

cess, management, and outcomes of student-cen-

tered learning beyond just knowledge acquisition

and lecture delivery [4]. This highlights PBL as a

complex learning system that essentially indicates a
systematic perspective to design educational pro-

grams. In the process of developing interdisciplin-

ary education by PBL, many elements should be

considered, which leads us to rethink a model

suggested by Kolmos et al. [32] (Fig. 1).

As Fig. 1 shows, a typical PBL curriculum model

consists of at least seven elements: (1) objectives and

outcomes; (2) type of problems, projects, and
lectures; (3) progression, size, and duration; (4)

students’ learning; (5) academic staff and facilita-

tion; (6) space and organization; and (7) assessment

and evaluation. All these elements are elementary in

a curriculum that is suitable to apply to faculty-

wide curriculum reform and the integrated inter-

disciplinary engineering program [33]. Meanwhile,

all the elements should be aligned. This is based on a
holistic understanding, which means if there is a

change in one element, it will cause change in all the
other elements as well [32]. In designing an engi-

neering program, Table 1 shows detailed dimen-

sions of every element.

According to the above table, we learn there is a

lot to consider in a PBL implementation process

and a lot of variation in PBL practice, and there

might even be many more dimensions combined in

elements. In contexts of traditional education, such
a process also involves organizational changes that

interplay between bottom-up and up-bottom and

require active participation among students and

staff under strong and effective leadership [4, 8].

This also calls for university–industry collaboration

that requires synthesized efforts from different

stakeholders in developing a co-creation platform,

which involves multi-dimensional resources in one
framework [34].

4. A Case: A New Bachelor Program on
‘‘Big Data + Business Administration’’ at
Northeastern University in China

4.1 Background on Developing ‘‘Big Data +

Business Administration’’

In the area of business administration, the impact of

big data becomes more and more profound. Big

data plays many roles, helps enterprises to meet

customers’ needs, improves product design, makes

quick and accurate responses, and strengthens risk
management, etc. [35]. Briefly, big data has become

an important strategic resource for enterprises’

business development and decision-making that

also shapes the trends of educational reforms

around the world.
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Table 1. Meaning of Curriculum Elements in PBL

Curriculum
Element Detailed Dimensions

Objectives and
Knowledge

� Methodological objectives of PBL
� Interdisciplinary knowledge

Type of
Problems,
Projects and
Lectures

� Open, ill-defined problems
� Problem-oriented projects,
innovation projects

� Lectures supporting the projects

Progression, Size
and Duration

� Visible and clear progression
� Amount of time of projects and
lectures

Students’
Learning

� Supporting courses
� Construction of knowledge
� Collaboration for innovation

Academic Staff
and Facilitation

� Training courses
� Facilitator/process guide

Space and
Organization

� Administration supports
� Library supports
� Physical space

Assessment and
Evaluation

� Individual assessment
� Group assessment
� Formative and Summative
assessment



With this background, Northeastern University

(NEU) in China started to develop a new four-year

bachelor program entitled ‘‘Big Data + Business

Administration’’ by a PBL approach in 2018. Since

the autumn semester in 2019, the program has been

opened to enrolled students. Every academic year,
it is planned to include 30 students. It should be

noted that in the name of the program, the char-

acter ‘‘+’’ does not mean to simply add the two

disciplines together; it means to provide a new

education that integrates knowledge of big data

education into contexts of business administration.

The new programmainly draws resources from two

faculties at NEU: the School of Business Adminis-
tration and the School of Software Engineering. In

order to support and develop such an innovative

initiative, a group of teaching and management

staffwho come from the two faculties and industries

has been formed to bridge disciplines between social

science and engineering and between theory and

practice.

4.2 Designing ‘‘Big Data + Business

Administration’’ with PBL

As mentioned, PBL is applied in the practice of
designing the new program. The alignment of

diverse elements in PBL, as described in Fig. 1

and Table 1, provides a systematic perspective to

the design and basic principles to the development.

Meanwhile, as mentioned, an incremental innova-

tion process should be taken into account in a

context with a long tradition of disciplinary engi-

neering education like NEU. All these ideas help to
structure the following sections.

4.2.1 Objectives and Outcomes

The overall objectives of the new four-year inter-
disciplinary bachelor program are to cultivate

highly qualified engineers, managers, and business

leaders who learn solid knowledge, international

vision, local sentiment, social responsibility, profes-

sional ethics, innovative spirit, management lit-

eracy, and the ability to analyze and solve

practical problems in relation to big data and

business administration. Specifically, in compari-
son with traditional education on big data or

business administration, the above overall objec-

tives show advantages in learning outcomes that

can be divided into the following aspects:

(1) Better comprehensive literacy, which includes

better political literacy, better moral literacy,
better humanistic literacy, and better profes-

sional literacy, etc.;

(2) More complete theories and knowledge struc-

ture, which include the basic theories and knowl-

edge in data science, business administration,

the common analysis techniques and methods

for big data, the basic principles and knowledge

of humanities and social science, the basic

principles, and knowledge of science, etc.;

(3) Stronger learning and practical skills, which

include a broader international perspective,
stronger sense of innovation, stronger self-

learning and continuous learning skills, and

the skill to solve practical management pro-

blems depending onwhat has been learned, etc.;

(4) Stronger social skills, such as interpersonal

skills, logical reasoning skills, teamwork

skills, coordination skills, and communication

skills, to solve practical problems and apply
creatively what has been learned to analyze and

solve practical problems in the business admin-

istration area; and

(5) Higher professional competence, which means

the candidates who gets their bachelor’s degree

in ‘‘Big Data + Business Administration’’ will

be qualified to engage in innovation manage-

ment, strategic management, marketing man-
agement, operations management, human

resource management, and financial manage-

ment, etc., and will be able to support big data

analysis in banks, multinational corporations,

IT companies, governments, and other enter-

prises and institutions.

4.2.2 Progression, Size, and Duration

In order to achieve the learning objectives and

obtain satisfactory outcomes, an interdisciplinary

PBL model is designed and applied. At NEU,

students need to gain 160 credits in their four-year

study (eight semesters; one credit equals 16 study

hours) to achieve the bachelor’s degree. As shown

in Fig. 2, there are three parts that indicate different
teaching/learning activities along with students’

study time. The part on business administration is

organized by lectures from semester 1 to semester 7;

lectures in the part on big data technology are

organized from semester 1 to semester 6; and the

part on the interdisciplinary projects are organized

from semester 1 to semester 8.

From the curriculum structure, we can see with
the progression of education in eight semesters that

the study time spent on lectures decreases, while it

increases gradually on projects. Before entering

universities, most Chinese students have been edu-

cated with rote learning models, and freshmen are

not very familiar with or even know PBL at all, so

the program allocates less project time and offers

them more lecture time than the senior students.
When the students becomemore familiar with PBL,

their time spent on projects will be gradually

increased. Up to the eighth semester, students are

expected to spend almost all the time on project
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work. Based on this basic structure of curriculum,

the detailed progression process is planned that

indicates different percentages of students’ work-

load between projects and lectures.

From Fig. 3, we can see the first-year students

spend 90% of study time in lectures (10% of study
time on projects, accordingly), while in the fourth

year, students spend approximately 90% of study

time on project work (only 10% of study time in

lectures). During the period of four-year study, the

scale and duration of student projects are designed

as continually changing from miniprojects within a

single course (in the first academic year) to inter-

course projects within one discipline (big data or
business administration, in the second academic

year), and then finally to interdisciplinary projects

of ‘‘Big Data + Business Administration’’ (in the

third and fourth academic years). Such an idea will

be discussed more in section 4.2.4.

In other words, students are encouraged and

facilitated to gradually master interdisciplinary

learning skills deeper and deeper. At the beginning
of their bachelor study, students are expected to

remember and understand theories more than prac-

tice; along with the time to last year, they are

expected to enhance their abilities and skills to

apply, analyze, evaluate, and create by solving

real-life problems in project work. At the same

time, from an organizational perspective, it always
takes energy and time to develop methods for

monitoring and evaluating any new interdisciplin-

ary initiatives and efforts, as well as develop new

policies, new ways of working and collaboration,

and infrastructure necessary to support the changes

[8]. Therefore, practically, the design of the progres-

sion process allows the changes to happen from

easy to more complex, which leaves opportunities
for teaching staff and leadership to reflect and take

action to move on incremental innovation [36].

4.2.3 Type of Lectures, Problems, and Projects

The problem framing for developing interdisciplin-

ary projects is a collaborative effort among teaching

staff and between academics and industries. The

designs of project themes are centered on solving

real-life problems that require students’ group
work. All lectures in ‘‘Big Data + Business Admin-

istration’’ support students’ interdisciplinary pro-

jects. In some series of lectures, interdisciplinary

teaching groups are formed. For example, in the

course ‘‘Management of Innovation and Entrepre-

neurship’’, there are eight teachers from different

departments and industries, while in the course

‘‘Practice and Business Digitalization’’, most lec-
tures are given by company managers or enterpri-

sers who share insightful cases and rich experience

of working with big data technologies in their

business contexts. Regarding the type of lectures,

active learning has been especially designed tomove

away from the prevalent passive teaching style to

involvement of students in the learning process [37].

This includes everything from listening practices
that help students absorb what they hear, to short

writing exercises in which students react to lecture

Big Data + Business Administration: Applying Problem-Based Learning 791
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material, and to complex group exercises in which

students apply course material to ‘‘real-life’’ situa-

tions and/or new problems [38]. In this sense, active

learning not only involves engaging with activities,

but also encourages students to reflect, analyze,

share, evaluate, and communicate information
[39]. A series of techniques of active learning is

used in lectures [40], such as think-pair-share,

collaborative learning groups, student-led review

sessions, games, reactions to videos, student

debates, case studies, and concept mapping.

4.2.4 Students’ Learning

As mentioned, before university education, most
Chinese students are used to the passive learning

model; the design of lectures, progression of scales,

and duration of student projects also aim at helping

students to learn not only ‘‘what to learn’’ but also

‘‘how to learn’’. Along with students’ active learn-

ing experience in lectures, elements of PBL are

introduced gradually; for example, group discus-

sion and peer learning are often organized among
students during lectures. Relating this to what has

been discussed in section 4.2.2, the gradual process

of deepening learning skills in the PBL environment

involves stages of (a) some PBL elements in lec-

tures, (b) mini projects within a single course, (c)

intercourse projects within a discipline, and (d)

interdisciplinary projects. As shown in Fig. 4, the

gradual process is driven by different stages that
have been applied in the program.

Along with the gradual process of developing

students’ learning skills, from the first academic

year to the fourth academic year, the proportion

of compulsory courses continually decreases, while

the proportion of elective courses continually

increases. As shown in Fig. 5, in the first academic

year, the proportion of compulsory courses is 62%,

while the proportion of elective courses is 38%.

However, in the fourth academic year, the propor-
tion of elective courses is 100%, which means

students should plan to select courses those are

interesting and necessary to learn in order to sup-

port their interdisciplinary projects. The gradual

increased opportunities of elective courses facilitate

‘‘student-centered learning’’. With more and more

ownership of learning, students are expected to gain

more and more learning skills, both independently
and collaboratively.

It should also be noted that in the beginning of

their bachelor study, students have to take a com-

pulsory course entitled ‘‘An Introduction to PBL’’

(2 credits). The course includes theoretical under-

standing (50%) and project work (50%). In the part

on theoretical understanding, students should learn

what PBL is, what kinds of roles they need to play in
PBL, methods of group management, methods of

project management, and so on. All the theories

learned should be applied in project work. For

example, one of the project themes is ‘‘Internet

and Human Behavior in Organizations’’, student

project groups are organized by themselves, where

each group consists of four to six members. The

project groups have to seek their own research
questions under given themes, make a project

management plan, organize a supervision meeting,

manage their group work, and complete a project

report. Along with the project work, all students
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also need to participate in an ‘‘In-Process Seminar’’

that invites all groups to present their ongoing work

and share their experiences with each other. Tea-

chers in the course are also invited to participate in

the seminar to ask questions, provide suggestions,

and give comments to student groups for improve-
ment. Additionally, supervisors of student groups

are suggested to take the following responsibilities

in facilitating students through methods for more

effective group learning:

(1) Coordinate the research of group members and

individual tasks and support each other in

developing joint efforts;

(2) Ensure the development of common results
(synthesis) and ascertain that the research

ends up with common solutions;

(3) Organize the work within the group by nego-

tiating rights and duties, by discussing the

criteria to be used in the evaluation of the

processes and the achieved results;

(4) Support group development by discussing the

members’ expectations of each other as well as
concerning the interdisciplinary project, by

monitoring the group’s working with an eye

to possible conflicts due to disciplinary sociali-

zation of the individuals involved; and

(5) Facilitate presentation skills and design and

monitor internal and external communication

by defining the different disciplinary and non-

scientific target audiences to be addressed,
defining the different media and languages

needed to address the target audiences, and

discussing specific assignments concerning

communication within the group.

4.2.5 Academic Staff and Facilitation

As mentioned, an interdisciplinary group of teach-

ing staff has been formed that delivers lectures and

supervises student project work. However, in a

traditional Chinese university, in the process of

developing a new interdisciplinary program with a

PBL approach, one of the biggest challenges for

teaching staff is to change from ‘‘teacher-led educa-
tion’’ to ‘‘student-centered learning’’. As we have

discussed in theories of social constructivism, in

order to ensure the quality of facilitation of stu-

dents’ learning, NEU has taken measures to equip

teaching staff with PBL pedagogical skills. Since

2018, a series of activities on improving the uni-

versity pedagogy of PBL has been organized. These

activities include workshops, seminars, and expert
lectures centered on themes of engineering educa-

tion innovation and interdisciplinary education.

Teaching staff have also been encouraged to apply

for research funds to improve their daily pedagogi-

cal research and practice.

NEU has also explored opportunities to learn

how to facilitate staff development in the PBL

environment from other cultures. Thus, efforts

have been made to develop collaboration with

other universities in the global community of inter-

disciplinary engineering education and PBL. For
example, one cross-cultural collaboration is with

educational institutions in Denmark that aims to

facilitate teaching staff to learn, reflect, and transfer

teaching experience of PBL from Danish culture to

the local context of NEU. In 2019 and 2020, two

groups of teaching staff (a total of 15 individuals)

visited the Danish engineering education environ-

ment and experienced a half year of cross-cultural
participation in a PBL pedagogical training pro-

gram in Denmark. The following are the key

learning goals of participants in such a program:

(1) To gain further insight into understanding

theories of teaching, learning, innovative peda-

gogymethods such as PBL, and philosophies of

education;

(2) To master developing, planning, and carrying

out suitable teaching and learning activities in

interdisciplinary contexts in relation to general

and specific educational objectives, the sub-
jects, and the contexts;

(3) To be more skilled to better identify students’

learning needs and to initiate learning processes

among a variety of students, both individually

and in groups; and

(4) To strengthen their own identities as ‘‘learning

experts’’ instead of ‘‘learning leaders’’ that

ensure their roles of effective supervision to
realize the potential of PBL in initiating and

supporting students’ group and learning pro-

cesses.

Besides their participation in activities of staff

development, teaching staff in ‘‘Big Data + Busi-

ness Administration’’ must also communicate ideas

and share reflections with each other, learn to

support each other’s emotional dynamics, and

foster belief and trust in each other’s capabilities.

Accordingly, meetings and social activities are
organized regularly to keep the dynamic of the

teaching group.

4.2.6 Space and Organization

Due to traditional models of education, most

architecture styles at NEU have been built mainly

to deliver lectures to large classes, and thus most

office buildings are located by disciplines. However,
a physical space may not always serve only one

function. The space should be constantly redefined

by the nature of the lesson activities or the lesson

microgenres. At NEU, some efforts at rethinking

and redesigning the functions of existing spaces,
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facilities, and resources have been made to align the

space with the PBL environment. ‘‘Flexibility’’

becomes a fundamental principle of designing and

redesigning spaces at NEU. It means involving

multiple users and multiple potential applications,

providing a diversified learning environment (phy-
sical, virtual, and mixed environments), and

strengthening the possibility of space arrangement

and re-arrangement. For example, activities such as

group discussion, games, workshops, making pos-

ters, and student presentations have been easily

arranged in large classrooms. Students are also

encouraged to make good use of corridors, the

library, the dining hall, dormitories, recreation
areas, etc.

4.2.7 Assessment and Evaluation

Inmost courses atNEU, both formative assessment

and summative assessment are adopted. The two

methods are also applied in the new program. The

formative assessment is carried out in the daily
learning experience, such as by examining students’

presence, performance during lectures, and home-

work after lectures. Through formative assessment,

we can learn students’ feedback in time to ensure

correct directions of adjustments for more effective

teaching. The summative assessment is carried out

at the end of courses or project work. In the new

program, individual assessment is applied in lec-
tures, which is combined with assessment of group

project reports. Diverse perspectives of evaluation

are applied, such as student self-evaluation, group

members’ mutual evaluation, peer evaluation, and

teachers’ evaluation. Table 2 shows an example that

involves different evaluations in the course ‘‘Philo-

sophy of Management’’.

As shown in Table 2, in ‘‘Philosophy of Manage-
ment’’, besides individual participation in lectures,

students should complete two tasks in their group

work: one is to finish a problem-oriented project

report by which the students should learn to (1) seek

and identify a problem, (2) solve the problem by the

methods mastered, and (3) reflect on the learning

experience from the process of problem-solving; the

other one is to work on a case study under a given
theme. Based on all the tasks, different perspectives

of evaluation are taken into account with different

percentages (the total score is 100). Different

focuses of abilities and skills are examined among

students in different evaluation perspectives. In

between learning and assessment, ‘‘alignment’’ is

the key principle, whichmeans focuses andmethods

of evaluation are designed and practiced and should
be aligned with characteristics of students’ learning

activities and learning objectives.

4.3 Discussion: Challenges and Management of

Changes

The development of an interdisciplinary program at

NEU requires an incremental innovation process in
organizational changes that interplays with stu-

dents, teaching staff, management staff, leaders,

and collaborative partners. It requires connecting

some previously unconnected resources. However,

it is similar tomost other Chinese universities, NEU

has a long tradition of engineering education with a

foundation as a discipline-based institutional

system. At present, the resource allocation mode
carried out in universities is still based on the

relatively solidified single mature disciplines.

When new research or teaching areas do not

belong to the existing discipline category, the uni-

versity needs to develop new strategies to allocate

resources. This is one of the biggest challenges in the

change towards interdisciplinary education atNEU

and other Chinese universities.
There are also challenges from a cultural per-

spective. In the overall environment of Chinese

universities, more efforts are required for develop-

ing interdisciplinary education and localization of

PBL in the long term. As Zhou [8] suggested, in

pursuit of ‘‘student-centered learning’’ pedagogies,

the traditional relationships between teachers and

students should be changed firstly, which means
most Chinese teachers should take off their ‘‘masks

of knowledge authority’’ given by traditional Con-

fucianism, sit among groups of students together,

and encourage students to learn to manage chal-

lenges by themselves and support each other [26].

The university management should increasingly

consider what staff and students need; the needs

include both ‘‘hard resources’’ (e.g., physical space,
capital resource, and advanced equipment) and

‘‘soft resources’’ (e.g., methods of knowledge shar-
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Table 2. Diverse Evaluation Perspectives in Course Philosophy of Management

No. Evaluation Perspective Percent Focus of Abilities and Skills in Evaluation

1 Individual Attendance 10% To examine students’ basic attitude and behavior of learning

2 Peer Discussion 10% To examine students’ critical thinking and communication skills

3 Group Work Project Report 15% To examine students practical problem-solving skills

Case Study 15% To examine students interdisciplinary learning abilities and
collaborative skills

4 Final Assessment 50% To examine students’ comprehensive learning abilities and skills



ing, collaboration management, and evaluation of

workload of staff). Meanwhile, universities should

move towards open innovation and increase inter-

actions with multiple stakeholders and partners

locally and globally. Universities will not live in

‘‘ivory towers’’ any longer; instead, ‘‘being entre-
preneurial universities’’ will be a promising way to

gain more research resources from corporations

with industries for an increased number of applied

projects [8]. This requires better application of the

co-creation approach that calls for active participa-

tion of and cooperation among different partners

who commonly engage in the problem-based inter-

disciplinary learning communities.
How do we support and facilitate interdisciplin-

ary education and manage cultural and institu-

tional challenges at NEU? In practice, along with

the development of a new program, NEU is com-

mitted to a series of initiatives that are helpful to

make the reforms broader and deeper. In spring

2020, the PBL Teaching Innovation Center was

established, which aims to:

(1) Support teaching staff to design new courses

and apply diverse methods of PBL;

(2) Manage cooperation between different facul-
ties and departments that moves in the devel-

opment of interdisciplinary education step by

step;

(3) Organize a university pedagogy training pro-

gram on PBL;

(4) Evaluate the new design, process, and out-

comes of courses;

(5) Encourage research areas related to PBL and
pedagogy innovation; and

(6) Develop local, national, and international net-

works.

TheCenter consists of a leadership group and five

staff groups who are senior teachers with rich

teaching experience in PBL and who take different

management responsibilities categorized by differ-

ent functions of the Center. Meanwhile, new poli-

cies have been issued that motivate teaching staff to

engage in ‘‘breaking different traditional bound-
aries’’, ensure NEU builds a ‘‘healthy innovation

community’’, and therefore improve the quality of

research, teaching, and learning as well as the

quality of coordination and collaboration among

learners, researchers, and partners. As Kolmos and

de Graaff suggested [16], in the change process

towards PBL, both bottom-up and top-down stra-

tegies are necessary. There is a need for a faculty
development unit. It can be a research-based educa-

tion center that relates all levels in the organization

(the top, middle, and bottom levels); resources

enable the unit to act at all levels and promote

awareness of the roles of both the faculty develop-

ment units and the leaders at all levels in the

university organization. Additionally, in dailyman-

agement, self-reflection and self-evaluation should

be two key measures along with the process of

institutional changes. Doing this, on the one

hand, helps to reveal both the strengths and weak-
ness of a university’s own pedagogical model and

methods adopted; on the other hand, the results of

reflection and evaluation further help to identify

better strategies for improvement in a timely way.

5. Conclusion

In response to the growing demands of fostering

qualified data scientists and engineers who are able

to work in interdisciplinary business contexts, this

paper discusses a case of a new bachelor program of

‘‘Big Data + Business Administration’’ at NEU in

China and attempts to explore how PBL provides a

systematic approach to design and develop the

program in practice. This leads to rethinking and
strategies on how to manage challenges of educa-

tion reforms in traditional universities. From the

case, we learn firstly that there is complexity in the

practice of changes towards PBL and developing

interdisciplinary education. Traditional universities

should consider at least three conditions before the

reforms: (1) identify a clear vision of development

(e.g., motivation of changes, curriculum goals,
selected pedagogies, milestones of development,

and potential resources); (2) map diverse factors

that hinder the reforms (e.g., staff’s identity, institu-

tion structure, policy, management system, and

historical and cultural issues); and (3) equip teach-

ing, research, and management staff with the

required attitude, knowledge, and skills to develop,

improve, and evaluate courses, assessments, and
programs. Secondly, to facilitate the application of

PBL, NEU set up a center to more effectively

manage reforms, organize the university pedagogy

training program, and facilitate the changes from

‘‘teacher-led education’’ to ‘‘student-centered

learning’’. Change is a process that does not take

place within a short period of time. In pursuit of

continuous improvement, it is important to be able
to provide evidence of changes in the students’

learning along with the changes in staff capacity.

The success of education innovation in the long run

depends on the ability of the staff to adapt the new

methods to suit their own specific needs and the

ability to constantly renew itself in practice. In

short, any innovation should be highlighted as a

kind of context-based practice, as it occurs in the
process of shaping and matching with its context.

We cannot define which model is the best without

any contextual considerations; however, only the

one that adapts to its context is successful. In this
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sense, diverse models should be encouraged that

may provide opportunities for different contexts

and cultures to learn from each other in the future.
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