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Abstract 
 
Undergraduate engineering education methodology has remained largely unchanged at universities for many decades, 
if not centuries. Apart from computer technology, not much has changed for at least the last century. The sudden 
appearance of COVID-19 forced all tertiary institutions across the world to drastically change the way they present 
courses to their students almost overnight. Due to the highly infectious nature of the pandemic, it was evident that 
courses needed to be delivered online. While study programmes such as some business and social sciences 
programmes were very successful in transitioning to an online delivery mode, engineering and other science-based 
programmes encountered additional challenges, both in terms of delivery as well as the way assessments are 
conducted. 
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1. Introduction 
The online delivery of engineering courses in an online environment posed significant challenges to teaching staff at 
many, if not most universities worldwide. However, many universities in developed countries may have had a more 
manageable task at hand for several reasons: 

• stable high-speed internet is available nationwide, 
• most, if not all students own a computer device (laptops, desktops and tablets), 
• students have easier and controlled access to university laboratories due to better transport infrastructure, i.e., 

students would find it easier to return to the university in small numbers to attend laboratory sessions, 
• many universities are already in possession of virtual laboratory software where students can run an 

experiment in a virtual environment without having to return to campus, 
• a plurality of universities and colleges nationwide makes it much easier to organise laboratory or test sessions 

for interstate students at a university or college in their own state during lockdown,   
• university IT departments provide invigilator software for assessments given to students to do at home.  

 
This paper describes the experience switching from face-to-face to online lecturing at the Namibia University of 
Science and Technology (NUST) during this COVID-19 impacted academic year of 2020. Being a typical university 
on the African continent without most of the indicated amenities, staff at the Faculty of Engineering at NUST had to 
invent methods to address shortcomings at this institution while still providing quality education to students during 
this period.  
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2. Challenges 
 
2.1 Internet Issues 
In many countries on the African continent, internet speeds are relatively slow and unreliable (Jibrin, 2017). This is 
exacerbated by the fact that remote and regional areas, far away from the cities, the internet is even slower and less 
reliable. Streaming lectures live is only effective for students in the cities where an internet connection would allow 
this. For other students, the only alternative is to download lectures during night-time when internet usage is low, and 
the available internet bandwidth allows these downloads. 
 
In terms of downloadable lectures, the obvious main criterion is that of file sizes. File sizes, when only in audio, 
usually are quite small, however, when the downloadable lecture contains video material, file sizes could quickly 
explode into hundreds of megabytes, if not into the gigabytes. For students in developed countries, this is still no 
problem, but for students on this continent, it would likely be prohibitive. The problem, however, is that for most 
engineering courses, a simple sound clip would not suffice as a lecture. Lecturers very often have to explain a concept 
or mathematical derivation graphically, i.e., on a whiteboard.  
 
Thus, a method needs to be found to provide downloadable lectures that contain voice and graphics while remaining 
within manageable download sizes. 
 
2.2 Computer Devices 
Without a device, no student would be able to partake in online classes during this COVID-19 lockdown period. It is 
also true that computer devices are expensive, especially to students who come from poor regions (De Lannoy, 2018, 
Internet for Education in Africa, 2017). For this reason, the university worked tirelessly to obtain agreements with 
government and the telecoms companies to sponsor students in terms of loans on devices at subsidised prices and 
internet data at much reduced prices. This action was fundamental to the success of the efforts of this Faculty during 
this time. 
 
2.3 Access to Laboratories and Examination Centres 
NUST is only one of two universities in Namibia. Therefore, students had little opportunity to attend laboratory classes 
at another institution closer to home and had to return to campus in small, well-organised groups for mandatory 
laboratory sessions. The laboratory sessions were scheduled towards the end of the semester and all laboratory sessions 
would be completed within a week. This simplified the students’ travel and accommodation arrangements as they only 
needed to return to campus once. 
 
The professional body, as well as the university, require that all engineering courses have assessments/examinations 
under controlled conditions counting at least 50% of the final mark. Therefore, it is mandatory that students either 
return to campus or attend a centre close to where they live where an invigilated assessment or examination can be 
taken. Fortunately, NUST has six remote learning centres across Namibia, and these assessments and examinations 
were conducted at the main campus as well as at the regional centres for all courses. 
 
2.4 Virtual Laboratory Sessions 
While some well-funded universities may have been able to conduct laboratory classes using virtual software, it is 
unlikely that many universities on this continent have this luxury. Due to the sudden arrival of lockdown, there was 
no alternative but to wait for the lockdown to be partially lifted before scheduling laboratory sessions for students in 
groups of 10 and later in groups of 50. Like in the case of examinations, laboratory sessions were scheduled for late 
in the semester to enable students to return to campus once, attending the laboratory sessions and sitting the 
invigilated assessments and or examinations. 
 
2.5 Invigilator Software 
Invigilator software is used by several universities abroad, especially the well-known international universities (Refer 
IRIS Invigilator Software). Employing inputs from electronic sensors, the software manages the online invigilation 
process, ensuring that students cannot access websites or other aides. Some software is very advanced and would track 
the student’s behaviour such as face and eye movement as well as background noise to ensure students do not 
collaborate or cheat. Unfortunately, this type of software is expensive, and this institution has not yet invested in such 
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tools. The challenge this Faculty faced was to develop methods that would make it as difficult as possible for students 
to cheat without the benefit of invigilator software. 
 
3. Online Course Delivery 
 
3.1 Online Lecture Delivery 
Teaching technical and mathematically based courses online is a great challenge. Several reasons became apparent 
during the switch to online teaching: 

• Firstly, it is challenging to display mathematical course content to students interactively and engagingly. 
Lecturing should be bi-directional, and students should be able to interact with the course material and the 
lecturer during the lecture. 

• The students must be able to observe the lecturer interact with the mathematical content clearly. Unlike other 
disciplines like say, the humanities, discussions involving equations and calculations do not lend themselves 
well to simple PowerPoint slides presented sequentially to a mostly inactive audience. 

• Furthermore, the lecturer needs to obtain adequate feedback from the students to ensure that the pace of 
presentation is not too high and that students are indeed absorbing the presented material as the lecture 
progresses. 

 
Although some engineering lecturing staff still feels obliged to prepare PowerPoint slides for engineering lectures, 
many, if not most staff have realised that it is virtually impossible to prepare slides comprehensive enough to enable 
students to fully follow a technical discussion. In fact, preparing PowerPoint slides are now strongly discouraged in 
the Faculty. 
 
Furthermore, in engineering, students must interact with the wealth of first-class textbooks available on the market 
today. Students should never complete a course with only some basic course notes, or even only a set of PowerPoint 
slides as their only subject reference material. Fortunately, eBooks of just about every conceivable textbook are widely 
accessible to students. These textbooks are modern, and the technical discussions are presented in brilliant colour and 
with many detailed illustrations and examples. Prescribing at least one modern engineering textbook for each course 
in the Faculty is now a requirement. 
 
Hence there is really no need to waste valuable time and energy to reproduce course content in a medium such as 
PowerPoint which will always be less clear and less complete than a modern engineering textbook. Therefore, most 
lecturers in the Faculty have transitioned to present lectures directly from these eBook textbooks by screen sharing 
using either Zoom or MS Teams when lectures are streamed live. Students are then required to have their own eBooks 
open and are then encouraged to make annotations directly on the eBook following the lecturer’s explanations and 
annotations. This is akin to the face-to-face delivery mode where students have their own physical textbooks, 
following the lecturer explaining concepts from the textbook on the whiteboard.  
 
For offline content, there is a wealth of lecture creating tools on the market such as Screencast-o-matic, however, the 
basic method of compiling a lecture remains the same. In a nutshell, the lecturer teaches directly from a textbook 
eBook. He/she may make annotations directly on the PDF textbook or in the whiteboard facility offered by MS Teams 
or Zoom. Students may take down these annotations or do it when the lecture is replayed at a later time for revision. 
In general, students are encouraged to participate during the lecture, asking questions and ensuring that they 
understand the subject material rather than take down notes as this will hinder their ability to follow the argument. 
Taking down copious notes during a lecture does nothing other than turning the student into a very expensive 
photocopier.  
 
Within the Faculty some lecturers have developed a hybrid method of sharing the eBook on-screen with the students 
and occasionally, when additional explanation is required, sharing a web camera showing the staff member explaining 
concepts on a whiteboard. While this concept worked very well, the inclusion of video content causes the lecture file 
to be considerably larger, sometimes prohibitively large when considering students in low bandwidth areas. As a 
newer development, the Faculty purchased several Wacom graphical tablets which replace the need for video content. 
The lecturer can then explain the subject material within the whiteboard facility of MS Teams or Zoom, using the 
stylus on the Wacom digitiser tablet. The result is much clearer writing on the virtual whiteboard by the lecturer as 
well a much smaller lecture file sizes. 
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Figure 1. Engineering staff teaching via webcam to illustrate mathematical content on a blackboard 

 
 
The last ingenious development within the Faculty worth mentioning is an attempt to ensure the lecture is interactive 
and also to provide some feedback from the students in terms of understanding the subject material and the speed of 
delivery. The typical class sizes varied between 20 and 100 students, the latter for common first year courses. The 
lecturer mutes all students during the lecture, but then unmutes either a single student or a small group of students, 
say 5 students, with whom to interact. The lecturer may then ask these students questions as the lecture progresses to 
determine their state of understanding and if the speed of delivery is appropriate. After some time, the lecturer would 
mute these students and then unmute the next group at random. This way, students are motivated to keep up with the 
lecture even if they are not participating in discussions at that moment. Of course, any student may put their hand up 
at any time during the lecture. 
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Figure 2. Lecturing directly from an eBook textbook and annotating directly on the PDF. 
 
 

 
Figure 3. Using a Wacom graphical tablet to do graphical annotations on a computer whiteboard 
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Figure 4. Using a graphical tablet to annotate on a PDF document on a computer directly 

 
 
 
3.2 Online Assessment Delivery 
Online assessment is a significant challenge. It would not be an overstatement to say that online assessments turned 
out to be the most difficult challenge during the transition to online teaching. In fact, this issue remains a problem to 
some extent, however, some creative thinking from staff produced a few methods to limit student dishonesty during 
online assessments.  
 
It is a requirement that 50% of the final mark of any course must be derived from assessments and examinations under 
controlled conditions. This typically takes the form of an examination-style assessment where students attend a session 
at a venue under supervision by staff or invigilators. The problem, however, arises from the 50% unsupervised 
assessments. Institutions with deeper financial pockets are able to buy and install systems which enable lecturers to 
monitor student behaviour during remote online assessments. Some of these systems are very advanced and can track 
student eye movement, background noise levels, blocking of any other software on the computer the assessment is 
being taken on and several other parameters, ensuring that it is extremely unlikely that a student can cheat. For this 
university, however, such systems have not been within reach.  
 
The problems with online assessments are mainly twofold: 

• Online assessments work well when students can select options from a multiple-choice assessment. These 
multiple-choice questions can then be randomised, and hence student copying from one another can then be 
eliminated. In engineering, multiple-choice assessment styles are rarely satisfying or even appropriate, as a 
wrong answer to an otherwise largely correct calculation or derivation will result in a mark of zero. 

• Sufficient academic dishonesty has been discovered during some uncontrolled online assessments in the first 
semester of 2020 to warrant measures to be taken to curb such dishonesty. 
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Lacking sophisticated software to monitor students during online assessments, Faculty staff have developed ingenious 
solutions which have reduced cheating during assessments significantly, albeit not completely. The technique works 
as follows: 

• The assessment questionnaire, which resides on the university’s online teaching platform, Moodle, is opened 
to all students at the time on which the assessment commences. 

• Students complete the assessment on physical paper in their own handwriting of which a specimen is kept by 
the management of the Faculty. 

• The assessment is designed to consume the entire allocated time with little chance that any student will 
complete it before the end of the allocated time. To ensure a fair assignment or examination question paper, 
the latter questions are discarded up to the point where the top 25% of students were able to get to within the 
allocated time. The marks are then recalculated accordingly. 

• Students are trained beforehand to use a smartphone scanner app such as TurboScan or CamScanner, to 
convert their assessment answer scripts to a single PDF file small enough to be emailed, i.e., smaller than 12 
MB. The size of the file is governed by the quality setting of the scanner software. 

• At the end of assessment time, students have 5 minutes to scan their assessment scripts and email it from 
their official university student email account to the lecturer. 

• The assessment script includes a mandatory standard heading with the course name and code, the student 
name and student number and the assessment date. 

 
Following this strategy, significant success has been achieved and the typical normal distribution of student 
performance was once again achieved. 
 
 
4. Conclusions 
The appearance of COVID-19 has forced all universities to venture into online teaching. Many universities, and in 
Africa, one could probably say most universities, had no prior experience with online remote teaching. As a result, 
these universities had to rethink their teaching and lecturing delivery style quite substantially. 
 
Numerous problems faced African universities in general during this time, however, the delivery of courses and the 
fair and proper assessment of students remained large obstacles. This paper aims to provide some approaches that may 
be taken to overcome some of these obstacles without having to spend large sums of money. It is concluded that it is 
indeed possible to provide quality education and teach and assess engineering students without spending large sums 
of money. 
 
The authors want to recognise our colleagues within the Faculty who have contributed to making a success of online 
teaching during this COVID-19 transition period. 
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