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The University of 

Pretoria annually 

presents Teaching 

Excellence and 

Innovation Laureate 

Awards to projects 

that display teaching 

practices that optimise 

teaching and learning, 

and contribute to best 

practice. Prof Tania  

Hanekom of the 

Department of 

Electrical, Electronic 

and Computer 

Engineering in the 

School of Engineering 

received this award 

in the individual 

category for her work 

in the Microcontrollers 

module (EMK 310) 

that is presented to 

third-year students 

in the Department of 

Electrical, Electronic and 

Computer Engineering. 

The race to engineering 
excellence 

The primary task of 
any engineer is to solve 
problems. The sole 
objective of the EMK 310 
module is to equip third-
year students with the 
problem-solving skills 
required to excel in an 
embedded systems-driven 
industry.

The EMK 310 module is 
hardware orientated. 
Although there is much 
focus on the development 
of firmware, assembly 
language is used as 
it is very close to the 
hardware of these devices. 
Further emphasis is 
placed on the peripheral 
circuits and systems that 
invariably form part of 
an embedded system. 
Starting microcontroller 
instruction with higher-
level languages may 
potentially rob a student of 
the opportunity to become 
intimately familiar with the 
registers and structure of 
microcontrollers, which is 
crucial for an engineer to 
gain proficiency in these 
devices at all levels of 
complexity.

Evolution of the module 

Prof Hanekom was 
assigned as assistant 
lecturer for EMK 310 in 
2005. She had to attend 
to the practical section 
of the module. At that 
stage, lectures covered 
some basic aspects 
of microcontroller 
architecture and embedded 
design, while practical 
assignments focused on 
simple microcontroller 
implementations in 
assembly language without 

any formal guidance 
in assembly language 
programming. In addition, 
any programs that had to 
be written for tests were 
written on paper, which 
made grading ineffective 
and frequently inaccurate.

Over the last decade, 
the digital device market 
has exploded worldwide, 
driving a need for more 
engineering graduates 
equipped with embedded 
design skills than was the 
case a decade or two ago. It 
was clear from the start that 
it was necessary to redesign 
EMK 310 to address 
this need and empower 
students to excel in the 
embedded design industry. 

Developing module 
content and 
presentation style

To align the content of the 
module with industry’s 
expectations of the skills 
that graduate engineers 
should possess, the 
scope of the module 
was expanded to include 
design aspects that 
relate to interfacing a 
microcontroller system to 
the real world. This was 
done by including design 
strategies for various 
real-world interfaces 
as the main theoretical 
component of the module. 
Embedded design is 
no longer limited to 
computers, as was the 
case in previous years, 
but includes almost every 
technological innovation on 
the market. 

With the introduction 
of a stronger focus on 

the development of 
coding skills, the fact 
that students were left 
alone to master the 
programming component 
of the module necessitated 
intervention. The contact 
periods were divided into 
theory lectures, which 
covered design strategies, 
and application lectures 
that used assembly 
language as a vehicle 
to teach students the 
basics of microcontroller 
architecture and coding. 
These lectures made a 
remarkable difference to 
students’ ability to apply 
theoretical skills in practical 
projects.  

Setting up the 
infrastructure

Presenting a practical 
module to a large number 
of students generates a 
variety of infrastructure 
requirements. To facilitate 
a hands-on approach, a 
commercially available 
programmer was 
introduced as prescribed 
hardware for the module 
in 2006. The implication is 
that each student has his 
or her own hardware tool 
available, instead of having 
to share resources in the 
computer laboratories on 
campus. 

Another requirement 
to facilitate a hands-
on approach is the 
presentation of lectures 
in a computer laboratory 
where students may 
participate in interactive 
lectures. The capacity of 
the computer laboratory 
was expanded by installing 
two-way audio and video 
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Students  
had to  

master the 
programming 
component  

of the 
module.
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links to two additional 
computer laboratories in 
a separate building. The 
lecture is presented in one 
of the laboratories and 
broadcast to two or three 
additional laboratories 
via an audio-visual link. 
Assistant lecturers act 
as proxy lecturers in the 
remote laboratories to 
manage questions through 
the audio-visual link to 
the lecturer in the main 
laboratory. 

Innovations in the 
assessment strategy

Assessment of the 
theoretical aspects of the 
module is designed to 
be performed through 
objective assessment 
that includes the higher 
cognitive levels, such as 
design. 

Although setting these tests 
is demanding, the time 
required for assessment is 

largely independent of the 
number of students, since 
the approach facilitates 
automated grading.

The assessment strategy 
for the coding section 
of the module had to 
be redesigned to allow 
students to access the 
tools that are available 
through the integrated 
development environment 
(IDE) and improve grading 
efficiency and accuracy. 

Initially, the infrastructure 
was developed to allow 
the coding section of the 
module to be assessed 
by a computer-aided 
approach. Students had 
to complete the tests on 
a computer. They have all 
the documentation and 
software tools available 
that an engineer in industry 
would have, except 
internet access to prevent 
dishonesty. 

This approach ensured that 
students’ abilities could 
be tested in a simulated 
real-life environment, 
providing a more accurate 
assessment of their skills 
levels. Assessment could 
also be done with the 
debugging capabilities of 
the IDE software available 
to the examiner, which 
improved the quality of the 
grading substantially.

The coding section of 
the module is assessed 
by letting students write 
code to solve a practical 
engineering problem. 
Although a soft copy 
version of the solutions to 
these tests was uploaded, it 
took many hours to grade 
the tests. The increase in 
student numbers made 
the grading task almost 
impossible, given the time 
constraints. 

In 2012, it was decided 
to start the development 
of automated grading 
software (AGS) that would 
grade the students’ code 
answers. Grading time 
would become independent 
of student numbers, 
and post-test grading 
time would become 
negligible compared to 
the time it takes to grade 
tests manually. AGS was 
subsequently developed 
using the functionality of 
the Microchip MPLAB X SDK 
test bench. 

 Students follow the lecture in remote laboratories (top), while a multi-laboratory 
classroom setup shows the lecturer in the main laboratory (bottom). 
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This is possibly the only 
system in the world that 
grades assembler  
firmware tests using 
Microchip’s MPLAB X SDK 
test bench, making it a 
novel teaching and learning 
tool. 

Another feature that 
makes this tool unique is 
that it provides feedback 
to students through 
sectional and graded mark 
assignment. 

Computerised tutoring 
system

One of the resources 
identified as a potential 
high-impact teaching tool 
is a computerised tutoring 
system (CTS), based on the 
AGS. Since tutoring large 
classes becomes increasingly 
difficult, a CTS is used to 
address common tutoring 
needs, which enables staff 
to focus on more specific 
tutoring needs. 

The CTS has the ability to 
upload all previous tests to 
a server and gives students 
unlimited access to these 
tests. Students complete 
tests and submit them to 
a server that runs the AGS 
for the test. The students 
then receive feedback on 
their performance in the 
test. Students can resubmit 
a test as many times as they 
like. The AGS does not point 
out specific errors, but 
provides relatively detailed 
feedback on the location of 
the error in the code. Thus, 
it pinpoints the section in 
the code where marks are 
lost. The detailed feedback 
thus directs students to the 
sections in the code that 
they need to improve or 
correct. While the CTS will 
inherently encourage self-
learning, its functionality 
could also include small-
group access to encourage 
peer learning.

Redesigning the 
practical assignments

It was necessary to change 
the students’ perception 
of the module, as many 
students started dreading 
the module due to its high 
standard. 

This was done by 
redesigning the practical 
component of the module. 
Students now design and 
build an autonomous line-
following robot in teams 
and compete in a race at 
the end of the semester.  

The design and 
construction of the 
autonomous robotic 
vehicle (ARV) is divided 
into three practical 
assignments. The objective 
is to progress through a 
number of manageable, 
structured phases and to 
provide an opportunity 
to assess, intervene, give 
feedback and encourage 
students throughout the 
project’s development.  

For each practical, there 
are four to five minimum 
requirements that need 
to be met to progress to 

 Students prepare for the competition.

the next practical. These 
minimum requirements 
reflect basic competency 
levels based on the 
industry’s expectations, as 
well as the bare minimums 
to achieve a running ARV 
by the third practical. 

The race

Race Day is the pinnacle of 
the EMK 310 programme 
and is organised to be a 
professional event that 
celebrates the students’ 
achievements. In the 
three years that Race 
Day has been presented, 
the objective of changing 
students’ perception of 
the module has been 
achieved. Students felt 
that they benefited from 
the module and deemed 
themselves equipped 
with the necessary skills 
to successfully attempt 
a project that requires 
embedded design. 

Race Day also created the 
opportunity to involve a 
number of engineering 
companies. They could 
participate either through 
sponsorships or by 
attending Race Day. 

Conclusion

The teaching philosophy 
for the module is centred 
around challenges 
and excellence. The 
development of this 
module not only 
challenged the students 
and fostered excellence, 
but also challenged the 
lecturer to develop a 
sustainable teaching and 
learning method. 

The race to excellence is 
not won by setting a time 
measured in seconds, 
but in the development 
of skilled engineering 
graduates to support the 
technological endeavours 
of society. Being ready to 
face the starting line on 
Race Day at the end of a 
semester is a personal 
victory and a race won  
for every student who 
worked with the goal to 
succeed. 

A comprehensive video and 
picture archive of Race Day 
events can be found on the 
website of the Department 
of Electrical, Electronic and 
Computer Engineering at 
www.up.ac.za/eece. 


