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ABSTRACT 
 

“System sensing” [1], or a feedback loop, has 
been integrated into the implementation of a new 
mechatronics engineering curriculum at the 
University of Canterbury through a sustained, 
three-year collaboration between engineering 
lecturers and academic developers. Data were 
collected each year from the first cohort of 
students and lecturers through focus groups, 
course evaluations, specifically designed 
surveys, and observations.  The data were 
analysed by the academic developers and results 
and recommendations were fed back to the 
engineering lecturers so that they could adjust 
the curriculum, the teaching, and the assessments 
to better meet the goals they had in mind when 
designing the new curriculum such as:  students 
engaged in significant design projects at every 
year and a strong connection with industry [2]. 
Positive outcomes from this approach included 
statements by mechatronics graduates that they 
had obtained core skill sets in both mechanical 
and electrical instead of an initial lack of identity 
as “neither mechanical nor electrical.” 
 
Keywords:  Academic Development, 
Curriculum Development, Engineering 
Education, Mechatronics Education. 
 

INTRODUCTION 
 
 
The mechatronics engineering professional 
programme was started at the University of 
Canterbury in 2003, with a limited intake of 15 
students.  All students in engineering take 

common courses in physics, mathematics, 
engineering mechanics, foundations of 
engineering and mathematical modelling in the 
first (intermediate) year and specialize in the 
following three years (1st, 2nd, and 3rd 
professional years), leading to a BE (Hons) 
degree. Mechatronics, as a hybrid pathway 
between mechanical and electrical engineering, 
faced challenges in the development of the 
curriculum for these three professional years. 
 
Originally, the mechatronics programme 
combined essential and existing topics from 
mechanical engineering, electronics, and 
computer engineering and was essentially a 
combination of relevant courses offered in the 
departments of Mechanical Engineering and 
Electrical Engineering. There was, however, a 
lack of coherence and a systemic approach in 
delivering the “synergistic integration of the 
three components – mechanical engineering, 
electronics, and computer control,” which is 
supposed to be the cornerstone of mechatronics. 
As a result, several challenges soon surfaced: 
 
• Students lacked formal prerequisites for some 

classes. Consequently they had limited 
choices for electives as their study progressed. 

• A lack of laboratories and design projects led 
to a focus on teaching from the textbook, 
leaving students with insufficient exposure to 
practical-oriented and problem-based training. 

• Students were confused about their academic 
identity. They felt that they were neither 
mechanical nor electrical engineers. 

 



Partly as a result of these challenges, in the first 
graduation year of 2006, only six out of the 
original 15 students enrolled in the first 
professional (2nd) year of mechatronics 
completed their degrees. 
 
These challenges called for a curricular overhaul 
of the programme in order to continue offering 
the degree pathway. This process began in late 
2006. The new 2nd year curriculum was rolled 
out in 2007, the 3rd year curriculum in 2008, and 
finally the 4th year curriculum in 2009. 
 
The curriculum development process 
deliberately sought collaboration from 
colleagues outside the College of Engineering.  
In particular, these included academic developers 
from the University Centre for Teaching and 
Learning. The academic developers' role was to 
do "system identification"; obtaining input from 
students, academics, and industry, and 
“system sensing”; acting as a feedback loop 
where information from the output of the 
(curricular) system is monitored, evaluated and 
fed back in order to better accomplish a goal. 
 
This curriculum development model allowed for 
monitoring the learning outcomes against a set of 
parameters in a timely manner, continually 
refining the course components and assessments, 
and optimising the delivery of the degree 
programme.  Particular attention was paid to 
getting feedback on and adjusting the three new 
courses that were developed for the professional 
years.  These course are:  ENMT201: 
Introduction to Mechatronics in the second year, 
ENMT301:  Mechatronics System Design in the 
third year, and ENMT401:  Mechatronics 
Research Project in the fourth (final) year.  They 
are taken by students who enter the Mechatronics 
Engineering degree program, BE (Hon), after 
completing the common engineering curriculum 
in their Intermediate Year (first year). 
 

CONSIDERATIONS FROM THE 
LITERATURE 

 
The following considerations from the fields of 
academic development and engineering 
education guided the collaborative efforts in the 
mechatronics programme. 
 
Using Student Feedback 
While collecting feedback from students has 
been used for several decades as a means of 
measuring perceptions of teaching quality, its 

usefulness in improving teaching and curriculum 
development “is dependent on the extent to 
which staff respond to and apply the information 
obtained in this way” [3].  Thus, to create a more 
responsive system of delivering a curriculum 
would suggest determining how to incorporate 
students’ data into ongoing program design. 
 
In Situ Academic Development 
Prebble, et al. found in their synthesis of research 
on academic staff development that “the 
academic work group is generally an effective 
setting for developing the complex knowledge, 
attitudes and skills involved in teaching” [4]. 
Therefore, the combination of engineering 
content experts and academic developers, each 
bringing a different skill set, could be fruitful in 
the development of a quality mechatronics 
engineering curriculum. 
 
Redesigning Engineering Education 
According to an article by Basken in The 
Chronicle of Higher Education [5], a new report 
from the Carnegie Foundation for the 
Advancement of Teaching, Educating 
Engineers:  Designing for the Future of the 
Field, is a reiteration of warnings from the 
National Science Foundation and the National 
Academy of Engineering “that American 
engineering education is too theoretical and not 
hands-on enough.”  While Basken indicates that 
colleges of engineering have known for quite 
some time that both students and employers 
desired a more relevant curriculum, both faculty 
members and accreditation practices are often 
more wedded to the traditional approach.   
Hence, the envisioned emphasis on practical and 
design work in the mechatronics curriculum was 
in accordance with international directions for 
engineering education. 
 
These considerations regarding using student 
feedback, in situ academic development, and 
redesigning engineering education, indicate that 
a responsive and effective approach to 
curriculum design would include: 
 
• collecting student and lecturer feedback in 

ways that go beyond standard teaching and 
course evaluations. 

• using that feedback in situ and in a 
collaboration between academic developers 
and discipline-based lecturers. 

• placing that feedback within the context of 
calls for redesigning engineering education in 
a more hands-on manner.  



 
METHODS OF DATA COLLECTION AND 

ANALYSIS 
 

Starting from an inquiry-based learning [6] 
approach where the engineering lecturers’ 
questions guided the collaboration, data were 
collected by the academic developers in 2007, 
2008, and 2009 from the first cohort of students 
and lecturers as they experienced the new 
curricula.  Focus groups, course evaluations, 
specifically designed surveys, and observations 
served as the primary collection instruments. 
 
The data were analysed by the academic 
developers and results and recommendations 
were fed back to the engineering lecturers so that 
they could adjust the curriculum, the teaching, 
and the assessments to better meet the goals they 
had in mind when designing the new curriculum 
such as:  students engaged in significant design 
projects at every year and a strong connection 
with industry [2].  In addition, final reports were 
generated and shared with the Board of Studies 
that oversees the Mechatronics Program and 
consists of academics from the Departments of 
Electrical and Mechanical Engineering.  
 

FINDINGS 
 
The data collected from the same cohort of 
students at the conclusion of each new course for 
three years provided feedback specific to both 
the individual courses and the whole programme.  
A summary of the findings per course will be 
followed by the conclusions and implications for 
the overall mechatronics curriculum. 
 
ENMT201:  Introduction to Mechatronics, 
2007 
This second year course is the first full 
mechatronics design course that students in the 
program take.  It is both an introduction to the 
discipline of mechatronics and a combination of 
mechanical and electrical engineering 
knowledge.  Its content includes introduction to 
mechatronics, sensors and actuators, basics of 
instrumentation, circuit analysis, computer-aided 
design, and introduction to control. 
 
Alongside coursework, this design course 
consists of a series of laboratories in the first 
semester. Each lab project is a self-contained 
project exercise addressing a specific application. 
Students working in pairs have to implement 

control interface, design and write control logic. 
These lab projects are: 
 
• Introduction to ladder logic 
• Control inputs, outputs, and sensors 
• Car washing process automation  
• Water tank level control 
• Stepper motor control 
• DC motor velocity control 
• AC motor control 
 
In the second semester of the course, students are 
tasked to develop a fully functional control 
system using Programmable Logic Controller to 
control a 5-story elevator driven by DC motors. 
Figure 1 shows a Programmable Logic 
Controller (PLC) rig that is built in house, and 
the 10:1 scaled down elevator modeled after the 
actual 5-sotry elevator in the Mechanical / Civil 
Engineering Building at Canterbury. 
 
 
 
 
 
 

  
Figure 1.  Elevator control project using PLC 
(left) and tested on the model elevator (right). 
 
The data collected from students in the 
ENMT201 course in 2007 suggested that 
students:  enjoyed the class, found the content 
appropriately challenging, and developed a sense 
of programme community or camaraderie 
through their experiences.  In the qualitative 
data, the areas that students thought could be 
improved were primarily logistical with:  more 
equipment for particular labs, coordination of 
assessments with other courses, same location 
for lectures, and more explicit coherence or 
explanation for sequencing of topics. 
 
These findings from the ENMT201 course were 
fed back to the lecturers, programme 



coordinator, and the Board of Studies that 
oversaw the curriculum development.  The 
curriculum for the following year was developed 
and implemented while considering these 
findings.  One of the improvements was to 
streamline the lab projects with the aim of 
maximising the learning outcomes within desired 
contact hours.  Also, the continuous assessments 
have been distributed more evenly throughout 
the year, and avoided bottlenecks.  
 
The elevator design project exposes students to 
controller design using the PID control theory 
covered in the course work.  There was a caution 
whether such design skill in the junior year was 
too hard for students.  The evaluation of the 
course proves that students are capable of 
mastering that skill set.  The number of model 
elevators has doubled from 2 to 4, which allows 
each team to have more on-machine time for 
debugging and testing.  
 
ENMT301:  Mechatronics System Design, 
2008 
 
This course provides students with an intensive 
opportunity to apply their knowledge from 
lectures to the creation of a robotic search and 
rescue vehicle in the Canterbury RoboCup 
Competition.  The project is an integral part of 
the whole year design course.  Students, in teams 
of three, work in a dedicated Mechatronics 
Design Laboratory supervised by two instructors 
and one senior mechatronics technician.  The 
design project requires students to design and 
build a mobile robot capable of quickly locating 
and gathering three objects within the field of 
play.  No human intervention is allowed once the 
robot begins operation.  Figure 2 shows the truck 
base fitted with a Qwerk controller, which forms 
the standard development platform.  
 
The robotic system must have the following 
capabilities: 
 
• System hardware is to be attached to the 

provided truck base and the interfacing 
managed via a Qwerk microcontroller, 
operated remotely from a networked 
computer.  

• Targets must be collected unharmed and 
stored securely on the vehicle. 

• The robot must be able to collect cups from 
any possible locations including corners or 
alongside walls. 

 

The students are expected to achieving the 
following learning goals: 
 
• ability to identify the problem requirements; 
• ability to generate and evaluate design 

concepts; 
• ability to design and fabricate a manipulator 

for handling the targets; 
• ability to design and fabricate appropriate 

sensing mechanisms; 
• ability to design robotic control software to 

accomplish the prescribed tasks; 
• ability to integrate, test and debug the system; 

and 
• ability to communicate, document, 

demonstrate and present the design and 
results. 

 

 
Figure 2.  Basic mobile robot platform fitted 
with an embedded controller. 
 
The data collected from students in the 
ENMT301 course in 2008 indicated that they:  
  
• appeared to immerse and to enjoy themselves 

in designing and building a search and rescue 
robot.  Five different students used the word 
“fun” in individual surveys and 100% of the 
respondents believed that they had 
accomplished something significant in the 
course and 100% would recommend this 
course to others. 

• did not find the project too daunting.  There 
was a discrepancy as to what level of guidance 
students thought they needed, either the same 
amount as this year or an increased amount. 

• saw the identity of themselves in the 
programme to be inherent in the nature of the 
course (a designated lab space, the team 
approach, a “cool” project). 

• saw the lasting lessons of the course to be 
what they learned about:  the design process, 
project management, and working in teams. 



 
These findings from the ENMT301 course were 
fed back to the lecturers, programme 
coordinator, and the Board of Studies that 
oversaw the curriculum development.  The 
curriculum for the following year was developed 
and implemented while considering these 
findings.  One of the adjustments to the course 
was to introduce computer vision in the 
classroom.  Hence, students are now able to 
design and implement a vision system for 
searching the targets. 
 
ENMT401:  Mechatronics Research Project, 
2009 
This final year capstone research project consists 
of a year-long mechatronics design exercise. 
Students can work either in teams or 
individually. Most projects are sponsored by 
industry and students are responsible for all 
aspects, including organization, management 
(both time and budget), project proposal, design 
and prototyping, and final reporting. Each 
project has an academic supervisor and an 
industrial mentor, addressing a real industrial 
problem that does not have an off-shelf solution. 
As such, it requires substantial research and 
innovative design.  Figure 3 illustrates the 
delivery of a wall climbing robot for welding a 
stainless steel tank. 
 

 
Figure 3.  Wall climbing robot for the automatic 
welding of a stainless steel tank. 
 
The data collected from students in the 
ENMT401 course in 2009 indicated that they: 
 
• thought they learned considerable skills in 

the project, with an emphasis on non-
technical, managerial, skills. 

• saw areas of improvement could include 
increasing the timing of the lectures, clarity 
of project briefs, clarity about assessment, 
more specific mechatronics projects and, to a 
lesser extent, support and logistics. 

 
These findings from the ENMT401 course were 
fed back to the lecturers, programme 
coordinator, and the Board of Studies that 
oversaw the curriculum development.  The 
curriculum for the following year was developed 
and implemented while considering these 
findings.  The improvements implemented 
included scheduling the separate management 
course in synchronisation with the research 
projects.  Also, the assessment schedule was 
structured with more clarity.  There have now 
been more mechatronics research projects 
sponsored by industry, resulting in plenty of 
projects for the capacity of the class. 
 
Programme review, 2009 
The graduating class from 2009 (the first to have 
gone through the re-designed curriculum) was 
asked to reflect upon the programme as a whole, 
and to identify strengths and weaknesses. 
Students indicated that they: 
 
• were very pleased with the mechatronics 

programme overall and that the department 
has succeeded in creating an “academic 
home” for the students. 

• considered the programme to be very time-
intensive and demanding and noted that 
several topics are covered multiple times in 
different mechatronics papers. 

• had a desire for more, and structured 
exposure to industry throughout the 
programme. 

 
Collectively, this review along with the data 
from the courses will be considered by the 
lecturers, programme coordinators, and the 
Board of Studies as the mechatronics curriculum 
continues to be developed.  
 
CONCLUSIONS AND IMPLICATIONS 

 
The combination of engineering and educational 
expertise in developing the new mechatronics 
curriculum has proven to be a successful 
endeavor.  The system sensing and feedback 
facilitated by the academic developers brought in 
an objective perspective and new impetus.  The 
non-engineering academics complemented 
engineering academics by bringing valuable 
insights in terms of setting and achieving 
learning goals, managing students’ expectations, 
and advising on collecting feedback. 
 



Arguably, students, staff, and the departments 
were more open to collaboration, feedback, and 
data collection as the academic developers were 
outside of the traditional line management 
structure, and were thus seen as neutral. This 
experience at the University of Canterbury has 
led to the implementation of several effective 
approaches for mechatronics education, which 
included integrating labs and design projects into 
and across courses and cooperative learning.   In 
addition to the curricular adjustments, other 
positive outcomes involved the students with 
mechatronics graduates stating that they felt 
“both mechanical and electrical” in the core skill 
sets instead of their initial lack of identity as 
“neither mechanical nor electrical.” 
 
After 3 to 4 years’ concerted effort, the 
Mechatronics Engineering Programme at the 
University of Canterbury has developed into a 
premier engineering programme that attracts top 
students nationwide and overseas. It has grown 
to an intake of 30 students per year, with room 
for expansion. The graduates are sought after by 
industry. Further work is needed to monitor the 
graduates’ profiles and industrial acceptance, 
which will serve as another feedback in our work 
toward excellence in mechatronics engineering 
education. 
 
This merger of mechatronics engineering content 
and expertise with the field of academic 
development has provided all involved with a 
unique opportunity to experience a best-practices 
model of inter-disciplinary collaboration with the 
subsequent students of the mechatronics program 
being the ultimate beneficiaries.  It is anticipated 
that further beneficiaries of this transferable 
process may be other departments who develop 
their curricula by collaborating with academic 
developers. 
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