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Abstract—Continuous developments in the electronics industry
have led to constantly changing career roles and graduate
skills requirements. Students in the University of Electronic
Science and Technology of China (UESTC) have complained that
numerous courses in electronic engineering are heavily focused
on theoretical knowledge that is disconnected from the needs of
industry. Thus, in an effort towards delivering student-centered
educational programmes that meet the needs of industry, this
paper introduces an innovative course that was developed using
the project-based learning (PBL) method and situated in the
electronic engineering undergraduate programme at UESTC.
Since real-world engineering projects require teams to collaborate on ill-defined problems, we focused this innovative course
on developing professional and technical skills, drawing from a
range of more typical electronic engineering courses. We provide
full details of two projects that were created for this PBL approach and evaluate them as practice examples that demonstrate
the impact of this practical pedagogic innovation in UESTC.
According to our evaluation, completed by all 40 of our enrolled
students, our innovative course based on interdisciplinary PBL
exercises demonstrated a significant improvement in student
satisfaction and 65% of students preferred the interdisciplinary
PBL course in comparison to traditional lecture-based courses.
Index Terms—Course-related projects, Project Based Learning, Innovative training programme, Curriculum Design.
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ONTINUOUS developments in the electronics industry
warrant the need for innovative, digitally literate and
independent engineers who are prepared for the real-world
challenges that lie ahead [1]–[5]. Thus, creative undergraduate
courses that rely on active learning methods are required to
meet these needs. In many universities in China, it is common
for large cohorts of students to be taught abstract lecture-based
courses with little access to practical training. Traditional
lecture-based courses that rely on the ‘banking’ approach
primarily focus on ‘depositing knowledge in the minds of the
learner’ [6], [7]. This teaching approach has been criticised in
the literature, since it leaves learners with few opportunities to
engage with the learning materials and to develop their own
skills. It also leaves them with even fewer opportunities to
appreciate the interconnection or mapping between multiple
courses. The literature also refers to such teaching methods
as ‘teacher-focused’, inhibiting criticality, thus students are
perceived as passive learners [8]–[10].
Therefore, based on China’s continuous encouragement for
implementing non-traditional teaching methods in classes [11],
this paper introduces several promising approaches to help
students develop knowledge and skills that meet the needs
of industry. Instead of students learning scattered facts, we
demonstrate a teaching approach that has been successfully
adopted in a university in China, which focuses on engaging students with the key threshold concepts [12], [13], i.e.
concepts that are key to the mastery of a subject [14]. As
mentioned by Baillie et al., such threshold concepts are
transformative and can be very difficult to acquire at first, and
so engaging, active learning pedagogies are a robust way to
facilitate learning these concepts.
In addition to acquiring these threshold concepts, students
are encouraged to develop their communication and collaboration skills; graduate attributes which are increasingly required
by the continuously shifting global job market. Accordingly,
we aim to promote deeper, active and more practical learning
by encouraging students to take part in carefully designed
projects that were co-created alongside our industrial partners
[15]–[17].
This paper presents two key examples of interdisciplinary
project-based learning (PBL) exercises that have been cocreated and can be integrated in any electronic engineering
programme to facilitate deeper, active and more practical
learning. Our aim is to demonstrate the benefits of develop-

C

IEEE TRANSACTIONS ON EDUCATION, VOL. XX, NO. X, DECEMBER 2019

ing learning activities that are interdisciplinary and studentcentered. Through these activities we expected students to
draw on lessons from several electronic engineering disciplines and apply them in a practical way. We also aimed to
develop important professional skills such as problem-solving,
decision-making, communications and collaboration skills.
Consequently, these interdisciplinary projects were designed
to facilitate collaboration among students, so that they “construct” a shareable product [18]. In doing so, students gain
their own technical and professional skills required to complete
an electronic engineering project, instead of relying on the
instructor to depart knowledge [12]. In the long term, students
were expected to develop a habit of active learning and to
think deeply about the interconnection between related knowledge. Such changes are highly beneficial for the cultivation
of innovation and resourcefulness [19]–[21]. Since students
are active learners and stakeholders in the learning process,
instructors are expected to use student feedback to evaluate
and refine the teaching and assessment materials, ensuring a
strong staff-student partnership. Such feedback can help with
the development of new teaching materials or methodologies
influenced by the pedagogy of the subject. Therefore, this paper also presents an evaluation of these interdisciplinary PBL
exercises by exploring the experiences of both the teachers
and the Chinese students who are key stakeholders in this PBL
approach. As previously reported in the literature, these active
learning activities have previously demonstrated favourable
student feedback in the context of transnational engineering
programmes with Chinese counterparts [22], [23] and we aim
to demonstrate the same in this in-country context.
Using these interdisciplinary PBL exercises, We aim to
encourage students to think unconventionally during class, to
practice creatively after class, and to link theory to practice
[24]. Moreover, strengthening collaboration between universities and enterprises (top collaborative companies engaged with
the university) is among the objectives of the development of
the UESTC engineering programme. We aim to achieve this
via these PBL projects, which were designed in partnership
with industry. Such cooperation provides students with technical experience in real-world engineering problems [25].
The outline of this paper is as follows: Section II demonstrates and discusses the curriculum development in the
UESTC engineering programme. Two related projects designed for the curricular reform are presented in section III.
An evaluation of the PBL approach is outlined in section IV
with its results presented in section V. Finally, conclusions and
possible future paths are addressed in section VI.
II. BACKGROUND
It is becoming more challenging for course teachers to cover
the entire field of electronic engineering within a typical fouryear undergraduate programme. Moreover, industries expect
graduates to have acquired essential graduate attributes such
as teamwork, problem solving and critical thinking within
this short period. Universities are, therefore, under pressure
to design innovative electrical engineering programs that meet
these requirements and encourage more students to apply,
despite declining student enrollment numbers.
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Consequently, we have introduced active learning strategies
that rely on the project-based learning (PBL) method into
our curricula. PBL encourages students to learn by engaging
themselves in real-world projects [26]. Project-based learning
facilitates the interconnection between multiple courses and
promotes students’ deeper learning [27]. Some of the main
characteristics of the PBL method and its comparison with
problem-based learning and traditional lecturing are well documented in [27]. For example, high levels of student engagement, collaboration, team-work and constructivist learning are
highly valued and supported in the PBL method.
Despite problem-based learning being an active learning
method, it focuses on searching for required knowledge and
finding effective solutions, whereas project-based learning
relies on the flexible use and integration of knowledge around
interlinked problems [28]–[30]. Moreover, PBL aims to encourage students to work together in teams so that they can
better integrate interdisciplinary knowledge and to transfer that
knowledge into practical skills [31], [32]. Thus, PBL meets the
intentions of our curricular reform: to create a learning environment that facilitates communication, interlinked learning,
teamwork, the development of graduate attributes and deeper,
active learning.
A. Current curriculum structure
The University of Electronic Science and Technology of
China (UESTC) was built in 1956. In 2001, it was one of 39
universities to receive special funding from the State’s “Project
985” program and is currently ranked first in China in the
field of electronics. In 2013, UESTC started to redesign its
curricula. Significantly increased knowledge requirements are
now integrated into every single subject in the new university
curriculum, and this increases the requirements on courses to
be interconnected and requirements on what students need to
learn. Accordingly, students’ deep understanding and interconnection between multiple courses and real-world professional
skills are required more than ever before. To facilitate this, the
individual elements of electronic engineering curricula should
be interlinked and connected. For example, combining several
highly relevant courses into a single connected course would
be an effective solution. A typical example of a redesigned
curriculum involves combining key learning outcomes from
the “Circuit Analysis” and the “Fundamentals of Analog
Circuits” courses into one integrated course called “Electronic
Circuit Foundations”. As part of this connected curriculum
redesign UESTC has also introduced the latest software tools
used by industry. For example, Multisim and Cadence software
packages are now part of the curriculum. This approach
helps students cultivate the necessary digital skills required
by industry. Introducing these software packages in courses
has drawn positive feedback and recognition from peers [33],
but also ensures that the curriculum is strongly connected to
industry and is authentic.
B. Emphasis on practical experiences
Students in UESTC have often requested a greater emphasis
on practical learning experiences and project-based learning
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can be an effective solution. Projects involve synthesising and
applying knowledge from multiple subjects and courses, and
so can help connect curricula. With that being mentioned,
projects of different themes and different levels are offered
to students in UESTC. Teamwork on the projects is highly
encouraged to facilitate a socially constructive learning environment. In this learning environment, students are often
required to think and learn more independently that in more
traditional classrooms. For example, a more critical pedagogy
may involve creating open debates that require students to
develop arguments, study independently and present their
own conclusions (e.g. whether DC or AC power generation
should be adopted, or debate the importance of analog versus
digital circuits in the electronics field). These approaches
showcase a more critical pedagogy. Such a critical pedagogy
is more effective when compared with the traditional, passive
‘banking’ approach: it is more active, engaging and studentcentred [7], [10].
In setting up project teams students are either divided randomly into 3-person teams or they select their own teammates.
When communicating with students about grouping during the
teaching work, we learned that students need to find out each
teammate’s strengths and learn how to best collaborate in a
random division, which enhances their collaboration skills.
In the cases where students create their own teams, students
usually select members who possess complementary skills,
for example one for hardware, one for software, and one
for writing. This makes it efficient for students to distribute
the project requirements and learn with and from each other.
Recognizing a need to recruit and retain students, especially
in China where birth rates have declined and there is a lack
of collaborative projects and student-centered education, this
project-based approach focuses on developing key threshold
concepts in engineering to try to transform the way students
view and understand the subjects [34] and increase numbers in
this critical STEM field, as well as developing communication
and collaboration skills in teamwork that are required by
the global job market and important to higher education
[35]. As one of the key teaching methods, these projects are
specially designed such that knowledge of multiple subjects
is combined in one project, and students have to develop
a thorough understanding of the connections between these
related subjects.
III. M ETHODOLOGY FOR PROJECT DESIGN
Fig.1 shows how the learning outcomes from different
courses were effectively integrated into a particular project.
For example, students need to review what they have learnt
from the “Sensor-Based Systems” course to select appropriate
sensors for detecting certain physical signals. Subsequently,
students need to design amplifiers and filters, which requires
knowledge from the “Design of Analog CMOS Integrated
Circuit” course. To realize the control of different modules,
students need to synthesize knowledge from the “Embedded
Systems Design” course. Moreover, knowledge of dealing with
outputs is imperative for getting final results and drawing
conclusions. The printed circuit board (PCB) design and layout
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Fig. 1. Projects were designed so that they are strongly linked to existing
courses in the teaching programme.

skills can be drawn from the “Electronic Systems Design”
course. By using a project based approach like this, learning
outcomes from multiple courses can be integrated so that
students are encouraged (and required) to have a more comprehensive, deeper knowledge basis to successfully complete
their projects.
Strengthening collaboration between universities and enterprises is also a significant method of this PBL-reform.
Therefore, we made full use of the diverse range of resources
available from both the university and the enterprises. The
teaching team consisted of experts from top enterprises and
award winning teachers from the university. Moreover, the
latest research applications and practical research projects
from industry were introduced into our course. These enterprises also provided students with internship positions,
which guaranteed that students obtained gainful employment.
Moreover, corporate experts regularly visited the school and
delivered guest lectures to our students [36]. At the same
time, UESTC introduced an electronic virtual laboratory as
a teaching simulation platform to supplement the practical
laboratories. Senior professor, Franco Maloberti, from the
University of Pavia (Italy) was therefore invited to deliver
lectures on this topic, since he is an advocate of using software to enhance learning via the simulation of real hardware
functions. Therefore, through these practical projects, students
were equipped with skills and experiences that would prepare
them for leadership careers in industry and academia.
Such cooperation greatly improves students’ real-world professional skills and significantly promotes the development of
innovative training. In recent years, UESTC developed collaborations with 13 enterprises, where 117 students completed
internships. During the past two years, the school kept close
contact with 36 enterprises and research institutions to provide
students with real-world professional skills. We involved our
industrial partners in the PBL project creation in multiple
ways. As previously mentioned, industrial experts were invited
to teach certain courses. They guided students through entire
projects and shared authentic experiences in dealing with
potential problems in real-world projects. Moreover, some
students were sent to enterprises to take part in an authentic
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improve these processing times. In fact, there were many ways
for achieving multi-core programming. Therefore, students
needed to critically engage with the task. They also needed
to reflect, evaluate and make decisions themselves, so that the
most effective method of operation was chosen. Ultimately,
students were expected to achieve the image processing results
shown in Fig.4.
B. A Second Example Project: Physical Activity Monitor

Fig. 2. Altera’s DE2-115 FPGA board for teaching and research, the DE2
series FPGA development boards have long been acclaimed for their rich
and diverse peripheral interfaces, and have been the leading educational
development platform and the first choice of laboratories in 1000 schools
worldwide.

project. Such cooperation greatly promotes the development
of innovative training and continues to promote mutual benefit
and cooperation between UESTC and the enterprises.
A. An Example Project: Image Edge Detection
One of our projects involved an image processing task. In
this project, students compared the performance of single and
multi-core processors for various image processing problems
on the FPGA board in Fig.2. During this process, students
explored the architecture of embedded systems and how the
Application Binary Interface (ABI) can be used to embed
assembly functions in C programming language. Moreover,
students were introduced to ‘interrupts’ and how C-Macros can
be used to access the system library of embedded peripherals.
Therefore, this project expected students to develop a sound
understanding of how software can be used to programme an
important electronic (hardware) platform.
Therefore, this project involved both hardware and software
image processing activities. Students need to print out images
using ascii symbols. The final goal is to process 320, 32 ×
32-pixel pictures per second, to ensure that the size of the
programme is within 45 kB. This needs to be achieved given
the following conditions:
• The clock frequency is 50 MHz.
• The is no floating-point unit.
• A total of five CPUs can be used, of which four CPUs
have their own independent 8 kB memory. Each CPU
has an 8 kB independent memory and an 8 kB shared
memory.
The overall project was divided into two parts. During the
first part, students needed to work in teams to develop the
process steps shown in Fig.3. Next, they needed to convert the
functions described in each of these steps into the appropriate
C programming language. Subsequently, students needed to
consider different ways for optimising their processing times,
which required experimentation with single and multi-core
programmes. Here, instead of relying on a single core, students
were expected to appreciate that multiple CPUs can be used to

In a second project, which aimed to train students in
appreciating the importance of sensors and what they can
achieve, students were tasked with designing a physical activity monitor. This required the integration of different types
of sensors.
The activity monitor was designed to help people understand
how heavy they can lift certain objects and how to safely lift
these objects without injuring themselves. This is particularly
useful for weight trainers, so that they can effectively lift
weights according to their personal body conditions. Such
devices can reduce the risk of injury and enhance athletic
performance. By developing this physical activity monitor,
students learned how to combine wireless communications
technology, automation technology and Android technology
together.
As shown in Fig.6, this project consisted of a wearable
physical activity monitor, which measures the user’s body
angle and elbow bending angle. Based on this data, the device
was able to detect body position and the physical activity of
users.
In this project, a STM32F3 discovery board, an accelerometer, and four light-based flex sensors were used. The STM32
discovery board works as a microcontroller and collects data
from other modules. The STM32F3DISCOVERY allows students to easily develop applications with the STM32F3 Series
based on ARM Cortex-M4mixed-signal MCU. In addition,
an accelerometer, gyroscope and e-compass ST MEMS, USB
connection, LEDs and push-buttons are included in STM32
discovery board. The accelerometer can detect the body angle
with a precision of 1 degree, a sufficient resolution for this
project. Flex sensors were used to detect the bending angle
of elbows, students were encouraged to make sensors by
themselves in order to achieve a better understanding about
the fundamentals of sensors.
Velostat material based flex sensors were considered too
unreliable for this project due to comfortability and reliability
requirements. Thus, light-based flex sensors were adopted.
Light-based flex sensors work on the principle that the resistance of light-dependent resistor (LDR) increases with
decreasing incident light intensity. This type of flex sensor
detects different light intensity when sensors are bent resulting
in changes in output voltage in the circuit. In comparison to
the Velostat sensors, which depend on the physical location
of the sensor on the body (something that can not be easily
controlled), this type of sensor is considered more reliable,
since the output depends on the bending angle [37]. In this
project, students are encouraged to design and make sensors
by themselves so that they can explore the Velostat and light-
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Fig. 3. Image processing task workflow. The blue box represents the processing task, while the yellow box represents the optimization task. The corresponding
amount of data will be transferred to the next box upon task completion.

Fig. 4. Image processing result, from the input image to the theoretical output
result to the actual output result, the edges of different colors are recognized
and converted to ascii code.
Fig. 5. University courses involved in physical activity monitor project.

based sensors for reliability, which helps them discover practical limitations of their design choices. Through this process of
testing different sensors, students will compare different design
approaches so that they can appreciate how sensors work and
what their limitations are in terms of sensitivity, resolution and
deviation, etc.
During their testing of the flex sensors, each sensor was bent
in four system configurations (0-25 % bent, 25-50 % bent,
50-75 % bent, 75-100 % bent). In order to get an accurate
result, samples should be measured as much as possible. In
this project, one thousand measurements of the analog-todigital converter (ADC) output were made for each of these
configurations. By analysing the data and results, students
are encouraged to make their own decisions regarding the
most optimum method for using these sensors. For example,
students can learn from this data the best types of exercises
(push-ups, chair, plank, weight lifting, etc.) that can be further

Fig. 6. Body position measured by different sensors.
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Fig. 7. Physical activity monitor architecture, the sensor transmits data to the
STM32 via ADC and finally to the smartphone via Bluetooth.

included an accompanying APP (to be developed by students
as part of the project), so that the system can identify them
and advise its user how best to perform these exercises.
After all the necessary modules were installed and tested,
an Android APP should be developed for better convenience
of using this physical activity monitor. It enabled the user to
connect the device via the bluetooth module. When the user
is connected, the APP will read data that has been transmitted
from the MCU. The data was then communicated to the user
via a screen. A real-time operating system (RTOS) was also
used in the project, so several instructions can be processed
in different time intervals. This step helped students become
familiar with system architecture. The sensors were sampled
once every 1 ms and the average value from all the samplings
was sent to the APP every 2 seconds. It was presented as the
angle for each sensor and for each axis in the accelerometer.
In addition, it will take the values and decide if the values are
in a specific range. Depending on the results, the APP sends
feedback to the user via a voice module. The structure of the
entire system is shown in Fig.7.
Upon completion of the project, students were required to
discuss the challenges encountered during the design process
and come up with recommendations for this physical activity
monitor in the future. Fig.5 shows how learning from several
university courses in electronic engineering has been considered to complete this physical activity monitor project.
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approach the impact of the new teaching model on student
evaluations can be determined and the developing understanding of the teacher’s approach can also be illustrated.
Across both 2017 and 2018 cohorts, a total of 40 students
were randomly selected to complete the course evaluations
(100 % response rate). All 40 students were from the electrical
engineering discipline and they participated in the course
evaluations voluntarily. 20 students from both the 2017 and
2018 cohorts were randomly selected to participate in these
evaluations to increase the generalisability of our results and to
minimise bias. The survey was issued online immediately after
the students completed their projects. Students participated
via a consent form and all responses were anonymous. The
teachers involved in delivering this course were the same for
both semesters. Moreover, the topics and key requirements for
each project were determined by 1 professor and 3 assistant
teachers. Within the same course, several projects could be
taken together, but only one teacher responsible for the course
participated in the survey questions of the teaching methods
inventory. The course evaluation questionnaire consisted of 8
questions. Students responded using a 5-point Likert scale,
where “strongly agree”, “agree” were considered to represent a
positive attitude, whereas “disagree”, “strongly disagree” were
considered to represent a negative attitude.
The ‘Approaches to Teaching Inventory’ (ATI) [38], [39],
completed by the class teacher, is a widely used and validated
research instrument but it is also used to promote reflective
practice amongst (particularly new) teachers in higher education. It consists of several 5-point Likert scale questions
concerning the teacher’s approach to and views on their
teaching and helps teachers identify whether their approach
is more teacher-focused or more student-focused. As teachers
become more student-focused in their approach they are more
likely to gradually transfer the focus of their educational
approach towards increased student autonomy in the learning
process [40]. The ATI comprises 20 questions, 10 of which
score a teacher on their ’teacher-focused’ approach and 10 of
which score the teacher on their ’student-focused’ approach.
A teacher’s completion of the ATI results in two scores that
encourage the teacher to reflect on the extent of their teacher
or student-centredness. A sample of the ATI questions asked
in this survey is shown in TABLE 1.

IV. E VALUATION M ETHODOLOGY
In order to evaluate the PBL approach a stratified mixed
methods survey design was adopted. Students were recruited
from the 2017 and 2018 cohorts and asked to complete a standard (and frequently used) course evaluation survey after they
completed their course. This sample comprised second year
undergraduate students majoring in electronic engineering.
The students from the 2017 cohort studied a more traditional
’lecture-based’ curriculum, prior to the implementation of the
PBL approach. Students from the 2018 cohort completed the
transformed course involving PBL projects and thus were
the ‘intervention’ group. Parallel to this, the class teacher on
the programme also completed the reflective ‘Approaches to
Teaching Inventory’ [38] in each setting (prior to and post
implementation of PBL). By adopting this mixed methods

V. R ESULTS AND A NALYSIS
Fig.8 shows the feedback collected from students’ traditional lecture-based teaching approach used in 2017 and the
new project-based teaching approach adopted in 2018. The
redesigned PBL-based curriculum has so far received positive
response. Responses collected from Q2, Q4, Q5, Q6, and Q7
together provide a positive outlook for the revised teaching
approach. According to responses from Q2 “The instructor
engaged the class in productive discussions” and Q6 “I had
a great team working experience in the course” this indicates
that students taking part in the new PBL course believe that
they were more engaged in the class and there was a better
environment for sharing knowledge. Sharing of knowledge
is an important element of active and collaborative learning.
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Example Questions

Rarely ——— Always

It is important that this subject should be completely
described in terms of specific objectives that relate
to formal assessment items.

1

2

3

4

5

Q2

In this subject I concentrate on covering the
information that might be available from key texts and
readings.

1

2

3

4

5

Q3

Teaching in this subject should include helping
students find their own learning resources.

1

2

3

4

5

Q4

In this subject students should focus their study on
what I provide them.

1

2

3

4

5

Q5

I encourage students to restructure their existing
knowledge in terms of the new way of thinking about
the subject that they will develop.

1

2

3

4

5

Q6

In my interactions with students I try to develop a
conversation with them about the topics we are studying.

1

2

3

4

5

Q1

Teacher-centered: Q1, Q2, Q4; Total points: 4+4+5=13
Student-centered: Q3, Q5, Q6; Total points: 3+2+3=8

TABLE I
E XAMPLE QUESTIONS OF A PPROACHES TO T EACHING I NVENTORY (ATI)
FOR THE TEACHER [38]
.

Fig. 8. Comparison between students’ feedback on traditional lecture-based
course and redesigned project-based course.

Similarly, results from Q5 show that 65 % of students believe
the PBL course has benefited them in an effective way, in
comparison to only 40 % in 2017. This new form of teaching
clearly helped students gain a deeper understanding of the
knowledge involved in the project, as well as their ability to
apply theory to practice. Moreover, students gradually find

the interconnections between relevant subjects, as the projects
usually require multi-disciplinary knowledge. According to the
course evaluation surveys and from the responses to question
Q8 “ I prefer this new form of courses”, 15 % of the students
prefer traditional lecture-based courses. 20 % of the students
hold a neutral attitude. Whereas 65 % of the students prefer
project-based courses over the previous lecture-based courses,
which shows a trend of improvement in raising students
interests. To gain further insight into the quality of our teaching
methods, and to evaluate the effectiveness of our teaching
techniques, we arranged interviews with several students. One
of the interviewed students reported, “unlike the old teaching
style, which I usually have no idea about what I can do
after the class, now I’m clear about where I can use the
knowledge from this course”. This demonstrates that a major
aim of the PBL approach has been achieved: that students
can apply and transfer their knowledge to the authentic, realworld setting. The process of solving a real-world problem
seems to be more appealing for the majority of students, but a
small proportion still prefer lecture-based courses. This small
proportion is to be expected as it is not uncommon for students
to value more passive learning approaches, despite more active
approaches resulting in better learning [41]. Students can feel
that lectures present the learning objectives more clearly and
can cover more content, whereas PBL-based courses require
more initiative from students and greater self learning but
result in deeper learning.
The red areas in Fig.8 are considered to be positive feedback
for the course and the blue areas in Fig. 8 represent negative
feedback. It can be derived that there has been an obvious
improvement on the degrees of satisfaction with the redesigned
project-based course in general. However, student feedback
also demonstrated some apparent advantages for traditional
lecture-based teaching approaches, which will be considered
to better improve the new teaching approach in the future.
According to student responses for Q1 “The instructor clearly
presented the learning objectives of the course” and Q3 “The
course provided rich content”, our previous course in 2017 received 15 % more positive feedback in comparison to the new
PBL course. On face value, this result indicates that students
preferred teachers to convey teaching materials in a traditional
lecture-based class. Similarly, less content was delivered by the
teacher in our new course, which meant that students had to
do more self-learning, which is among the aims of our new
PBL course. When combining these two responses with the
responses to other questions it is clear that the PBL approach
pushes students beyond their traditional learning boundaries
and encourages (perhaps unexpected) independence. By taking
these responses into consideration, some modifications will
be applied in the teaching approaches to provide students
with more theoretical knowledge and support for independent
learning before starting the projects.
In contrast to student evaluations, the PBL-based course is
also evaluated from the perspective of teachers. The teacher in
charge of the course completed the Approaches to Teaching
Inventory. Fig.9 shows the comparison of questionnaire results
for teacher before and after the curricular redesign. The figure
illustrates the teacher-focused nature of the course in 2017. In
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comparison, since adopting more PBL approaches, the course
teacher evaluated their approach as more student-focused.
When reflecting on their 2017 teaching, the class teacher for
this course completed the ATI which resulted in a teacherfocused score of 41 (out of 50) compared to a studentfocused score of 24 (out of 50). This suggests a strong teacher
focused approach in the traditionally designed 2017 version
of the course. However, when completing the ATI based on
the redesigned 2018 PBL course, the teacher focused ATI
questions totalled only 32 compared to 36 for the student
focused questions. This suggests a clear transformation that
the course (and the practice of the teacher) has shifted towards
a more student focused one in 2018. This transformation
to a student-focused approach demonstrates that the PBLbased curriculum encourages more independence, more selfdirected learning as well as placing more freedom for students
on choosing their learning subjects; all factors related to
fostering a deeper approach to learning, but also requires a
corresponding shift in approach of the teachers.
Such a shift in teachers’ approach needs support and training. Becoming a teacher in higher education takes time and involves professional development through both reflective practice and formal training. There are several stages of teacher
development and this is a gradual process, from the inwards
looking teacher-focused practitioner to the student-focused
practitioner who is more comfortable allowing students to take
a lead in learning [42], [43]. In the UK this teacher training
is well established through the UK Professional Standards
Framework for teaching and supporting learning [44] which
enables teachers to work towards qualification and professional
recognition through experiential and formal learning and development. This requirement for professional development has
grown since it was first proposed by Dearing (1997) and
then laterly formalised by the government [45]. Consequently,
higher education teachers in the UK now typically complete
postgraduate teacher training enabling discussion and experimentation with more innovative teaching pedagogies. If a
significant shift in teaching approaches is to be achieved in
China then a similar drive for professional development, either
independently or through collaboration with UK partners (as
is partly the case here) would support teachers and enhance
these authentic educational goals.
It is important to note, however, that there are limitations
to this study. The first is concerned with the small number of
students (20) and teachers (1) who participated in this investigation. The second is related to the disciplinary background
of the students. Here, our investigations were focused on electronic engineering students and did not consider students from
other disciplines such as mechanical, telecommunications, information or computer engineering. The teacher was involved
in educational development and thus perhaps demonstrated a
biased, open mindset to development, and so a larger scale
study in the future would be greatly beneficial to inform more
significant policy change. However, our intention in this article
was to show proof of concept. To showcase that our projectbased learning approach has worked in this context, and that
it can be successfully used by other academics wishing to
move their teaching away from traditional lectures in a Chinese
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Fig. 9. Results of teaching evaluation questionnaires about 2017 more teachercentered versus 2018 more student-centered.

higher education institute. We have also added evaluative data
from students to showcase the positive impact this approach
had on experience and learning. With that said, our goal is
achieved and we invite the wider community to experiment
with innovative pedagogies in more traditionally designed
curricula.
VI. C ONCLUSION
In this paper, we have highlighted the concerns of Chinese
students regarding lecture based teaching, and our approach to
replacing these with multidisciplinary project based learning
(PBL) opportunities. In the past, students have complained
that their courses were disconnected from industry needs. Our
PBL-based teaching approach now places greater emphasis on
testing students’ ability to implement theoretical knowledge
into practice, developing graduate attributes, and taking part
in more active, deeper learning. Since practical experiences
play an important role in electronics engineering disciplines,
our aim was to engage students in projects that were cocreated with industrial partners so that students can build
a better connection between theory and real-world practice.
We have successfully designed projects that combined the
learning outcomes from multiple courses. Student feedback
from our surveys showed that 65% of our students strongly
preferred the new multidisciplinary PBL courses. Only 15%
of students preferred learning through traditional lecture-based
courses. Moreover, feedback from our surveys showed that
there is a clear shift from teacher-focused to student-focused
teaching. Students can therefore take responsibility for their
own learning. For future work, we plan to modify the courserelated projects according to student feedback. We expect to
design more customized projects for students with different
academic abilities and from diverse engineering disciplines.
Despite the positive responses received from our students, we
would like to extend our approach to more interdisciplinary
courses and students from different backgrounds, since the
surveys were only completed by one cohort that had 40
students enrolled. Nevertheless, evaluative student data clearly
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supports the positive impact our approach had on student
experience and learning.
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