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ABSTRACT

With an ongoing COVID-19 pandemic, the adoption
of online learning by academic institutions has
become common. However, its introduction has been
associated with issues such as a disconnect between
students and the instructor, and poor engagement with
course materials, among others. This is where Critical
Success Factors (CSFs) come in, as they help alleviate
these issues. Although studies have identified a lot of
CSFs, our focus will be directed towards two, namely
student-instructor interaction, and gamification. This
proposal explores potential tools, such as video-paired
forums, the introduction of an instructor online
availability timetable, in-video quizzes, and a
gamified Learning Management System (LMS),
which when implemented, could help embed the two
CSFs into first year Computer Science Courses (CS1).
We give insight into the procedures and methods that
would go into the development and assessment of
these tools. However, due to the broadness of the two
CSFs, we conclude that the success of these tools
would also be beneficial to online courses in general,
and not just CS1.

1. PROJECT DESCRIPTION

This project shall be presented within the context of
the Covid-19 pandemic which has wreaked havoc on
the world. Online Distance Learning (ODL) is now
more necessary and widespread than ever before in
history and is becoming more sought after at an ever-
increasing rate [5].

Introductory programming courses at a varsity level
can be difficult to master, especially without any prior
exposure to programming. These courses require
constant demonstration of coding techniques and
styles, as well as discussions between students and the
instructor, as these help consolidate the understanding
of the material. Online programming courses often rid
students and the instructors of this, as they tend to
lack ‘sufficient’ and effective interactions, which can
have a negative impact on the learning outcomes

[14].

The general issue that our research aims to address is
the fact that institutions have seen a higher dropout
rate in online learning courses than regular face-to-
face ones [1, 2, 3, 6].

This proposal explores student-instructor interactions
and gamification, as Critical Success Factors (CSFs).
Student-instructor interactions refer to how instructors
and students can engage in dialogue, how questions
are asked and answered, and the promptness at which
feedback is provided [19]. Gamification is defined in
the Cambridge Dictionary as the practice of making
activities more like games in order to make them
more interesting or enjoyable. Gamification in our
context refers to the incorporation of game-like
elements into the Vula LMS, in order to encourage
student engagement with the course.

It is difficult to foster student-instructor interactions in
large online classes, and students generally perform
poorly in the absence of interactions with the
instructor [18, 23]. Online forums often suffer from
delayed responses, and sometimes no responses at all.
This impacts learning outcomes negatively [14].


https://dictionary.cambridge.org/dictionary/english/practice
https://dictionary.cambridge.org/dictionary/english/activity
https://dictionary.cambridge.org/dictionary/english/games
https://dictionary.cambridge.org/dictionary/english/order
https://dictionary.cambridge.org/dictionary/english/interesting
https://dictionary.cambridge.org/dictionary/english/enjoyable

Asynchronous lecture videos, although central to
online learning, provide students with no efficient
ways of asking questions in the middle of a lecture
video, and questions verbally posed by instructors to
students, do not guarantee responses from the
students. With most academic institutions adopting an
online learning strategy, effective methods of
encouraging student-instructor interactions become
key.

Online classes suffer from a lack of student
captivation. We will be using gamification to alleviate
this short-coming and to encourage students to have a
higher course interaction, by increasing the
engagement of learners [13].

The importance of our research is to enable
universities and other academic institutions to better
equip their students and instructors for successful
online programmes. We aim to improve the current
methods in which students can engage with course
materials, through the addition of gamification and by
improving the quality of student-instructor
interactions.

2. PROBLEM STATEMENT AND RESEARCH
QUESTIONS

Student engagement and interaction play an important
role in course completion. Lecture videos are central
to online learning and are found to be better at
conveying information than text-based materials [17].
Although Vula provides platforms for interaction,
such as chat-rooms and forums, our attempt is to find
methods that improve asynchronous student-instructor
interactions and overall course engagement. Thus, we
pose the following research questions:

2.1 What is the student experience of using lecture-
video paired forums (where each lecture video has its
own forum attached to it, and questions posted are
accompanied by timestamps of where the question fits
into the lecture video)?

2.2 What effect does the introduction of an ‘instructor
online availability timetable’ have on the students’
perceived immediacy of instructor feedback?

2.3 What is the perceived effect of incorporating
knowledge-check quizzes into the lecture videos
(these represent questions posed by the instructor), on
student-instructor interactions? Do these quizzes
improve the way in which the instructor can gauge the
students’ level of understanding?

2.4 What is the effect of additional various
gamification elements to the current Vula LMS? Does
it increase the system’s effectiveness, or does it create
additional complexities in the learning environment?

3. RELATED WORK

This section discusses the work that has been done
that is closely related to our research interest.

Our research is unique, and better focused than other
studies. There are many papers that highlight critical
success factors (CSFs) in an online learning
environment [1, 7, 8, 9, 10, 11]. However, few
directly resemble the implementation of the tools that
we aim to develop, in response to our research
guestions. We shall instead, discuss some of the work
which is currently being used in an attempt to tackle
the issues we have identified.

3.1 Gamification

Vula already has a statistical graph that shows the
distribution of marks for a specific assignment. This
can be incorporated as part of gamification in such a
way that it resembles an anonymous leaderboard.
Gamification concepts have been found to motivate
people to engage with the content of a video or a
course to build a vibrant community of participation
[8]. The data collected suggested that the introduction
of the gamification aspect of awarding virtual badges
for obtaining full points in the quizzes, seemed to
motivate students to learn [12].

3.2 Forums



Forums and chat-rooms are the dominant media used
for asynchronous communication. They facilitate
discussions between students and the instructor,
which are core in introductory programming courses
[16]. Questions and answers provided are public and
accessible to all students, which reduces the repetition
of similar questions. The quality of interactions
hosted through these media are measured by the
number of question-answer pairs, as well as surveys
to gauge student satisfaction levels with the quality of
interactions [22]. However, Onah et al. pointed out
that forums cannot effectively host a large number of
posts, as this leads to non-coherent topic discussions
and can contribute to delayed responses [21].

3.3 Email

The use of email for student-instructor interaction is
also common [24]. Although this method falls out of
the platforms directly offered by Vula, it still helps
ease communication for students that ‘worry’ about
how other students will perceive them when they ask
guestions in public settings, such as forums. It also
provides students with a ‘one-to-one’ relationship
with the instructor [24]. However, similar to forums,
the use of email is also vulnerable to delayed
responses from instructors.

3.4 Mini quizzes

Student-instructor interactions are fueled when
instructors ask questions that test the understanding of
the material. Such questions form the basis for
discussion, while also improving the students’
knowledge of the material [20]. UCT already has a
tool under development, called the Tsugi tool. This
allows for the incorporation of quizzes and exercises
that are spread throughout the video. However, the
completion of these assessments is not deemed
mandatory, as Tsugi simply notifies the students that
they need to complete an assessment, yet allows them
to continue watching the lecture video even if they opt
out of completing the assessment. However, Cook et
al. noted that students tend to ignore assessments that
are not worth any marks [15]. Therefore, instructors

may end up working with data that is not
representative of the student population, when they
use the results from these quizzes to gauge levels of
understanding.

4. PROCEDURES AND METHODS

When determining success, the ideal core-success
factor would be the pass-rate, as this is what we are
aiming to maintain in our transition to an online
learning medium. Since we cannot know the
outcomes of the course for next year by the time this
project is due, we shall use the feedback from our
surveys, questionnaires and interviews to determine
success.

The facilities made available to us from UCT will be
used. We wish to use the students in the various
undergraduate years and honours year and provide
them with questionnaires and conduct virtual
interviews to ascertain their ideas and beliefs of how
to deliver better online courses. We shall provide
them with questionnaires to identify their suggestions
for improved ODL teaching models and find out what
they would like to see incorporated into the
presentation of their courses, so as to optimise the
learning and teaching experience.

4.1 Lecture-video paired forums

This tool will be implemented as a plug-in or
extension to UCT’s Tsugi tool. The main components
of the plug-in will involve a ‘post’ button that grabs
the timestamp of the video, and embeds it into the
guestion posted by a student. A separate forum would
need to be created for each lecture video. The aim of
attaching a video timestamp to a question is to
immediately point out to the instructor, the section
within the video, from which a student’s question
stemmed.

The effectiveness of this tool will be evaluated
through user surveys. Once the development is done,
we will require a group of students to watch a lecture



video and use general forums to post questions. Then
we shall use the same group to watch the same lecture
video, but this time they will use the video-paired
forum to pose questions for the lecturer. Two surveys
will be generated - one for the students - to gauge how
they rate the efficacy of the two methods, and the
other for the instructor — to determine which of the
two methods they deem to be more effective in
organising and navigating course-related questions.

4.2 Mandatory knowledge-check quizzes

These aim to enable the instructor to pose questions to
the students at certain intervals within a lecture video.
The Tsugi tool allows for the incorporation of quizzes
and exercises that can be inserted at specific times
throughout the video. However, the completion of
these assessments is not deemed mandatory as Tsugi
simply notifies the students that they need to complete
a quiz. We aim to configure this tool to allow
instructors to pose knowledge-check quizzes. These
are short questions which are designed to consolidate
students’ knowledge and are not worth any marks.
Unlike current quizzes in Tsugi, which enable the
students to proceed watching the lecture video even
without answering any questions, we aim to bring the
lecture videos to a complete halt, until the questions
posed by the instructor are answered. Only once these
guestions have been attempted would students then be
able to continue watching the rest of the video. The
design of the questions will be brief, and in multiple
choice or drag-and-drop format, so as to automate
grading.

Since the aim of this tool is to provide a way for the
instructor to get feedback on the questions posed to
the students, the evaluation of this tool will involve
having a group of students watch a lecture video and
complete the inserted quizzes. The instructor will then
be able to access a statistical summary of the
automatically graded results, in order to gauge how
well the students understood the material. We do,
however, note a pitfall with this method. As these
quizzes are not worth any marks, students may simply
select any answer from the options provided, in order
to proceed with watching the lecture video.

4.3 Instructor online availability timetable

With this tool, we aim to enhance the immediacy of
the feedback provided by the instructor to the
students’ questions, and to give students an indicator
of when they can expect to get feedback from the
instructor. A timetable will be generated and made
available to students, to notify them of instructor’s
online availability in order to provide feedback to
their questions. The responsibility for the creation of
the weekly timetable would fall to the instructor, in
order to accommaodate their busy schedule.

Evaluation of this component will involve surveys to
gauge if the introduction of the timetable helps the
students feel better supported, by managing their
expectations around the accessibility of their
lecturers. Indicating availability and “contact time”
(albeit through virtual/ digital means) could result in a
win-win situation for both the lecturers and the
students, as it would allow them both to manage their
own time and responsibilities more

effectively. Scheduling times in which feedback could
be provided and questions could be answered like the
feedback to their questions is being provided faster,
and can, to some extent, be ‘expected’ to arrive at
some time (i.e at a time when the lecturer indicated
they would be online).

4.4 Gamification elements

This is where we try to gauge how well students use
the game tools and elements that we shall be adding
to their Vula. We can determine which tools the
students and lecturers enjoy and use most frequently
and effectively and which ones they do not.

This data shall be gathered through surveys,
questionnaires and interviews, all of which shall be
conducted virtually. After the data is collected we can
decide if the game elements are useful and determine
whether they increase interaction and enhance the
overall value of the course or whether they are
unnecessary and a waste of resources.



We shall make use of likert scale format as this is a
simple and efficient method for data collection. This
scale will also enable us to see common likes and
dislikes of our ideas. The ones which trend well, can
then be extrapolated upon and the ones that do not can
be discarded or adapted accordingly. We shall do our
best to keep bias out of our findings and to ensure that
our research is data driven.

5. ETHICS: PROFESSIONAL AND LEGAL
ISSUES

Since this research will involve people it is important
that we remember to conduct our investigations
ethically while remembering the issues that come with
human testing as well as the psychological aspects
that come along with this process. Our studies do not
need to push any personal boundaries and should not
be emotionally linked to people. The participants’
personal information will not be recorded. The studies
will be for data collection and we do not believe that
they will elicit human harm in any form.

The research project will be performed through UCT,
and should the researchers be contacted regarding the
project, they intend to conduct themselves in a
professional manner in all environments in which the
project is to be showcased. Results from the research
will be made publicly available for use, contingent on
the university’s permission. Previous work will be
acknowledged and cited to ensure legal compliance
and the maintaining of intellectual property rights for
the resulting codebase and paper.

We do understand that it is important that our research
is conducted to the best of our abilities as our findings
and possible implementations (if they are adopted by
an institution for example) could have a direct impact
on the lives of the people who are using the systems
we design.

6. ANTICIPATED OUTCOMES

Our research and the tools that we shall build, aim to
enhance the learning performance of learners at UCT

who will be enrolled in first-year programming
courses that will be offered entirely online for the first
time in 2022.

The aim is to ensure that our tools and findings
impact positively on the course pass-rate and the
results will help the case for implementing CSFs in
online learning.

Our findings may directly impact the course structure
and add value to it. This will be indicated by a
decreased drop-out rate. We expect to see better
course evaluations and more engaged learners who
are better equipped to complete their courses. This
will be due to an increase in their motivation which
could be brought about by better self-regulated
learning (SRL) (another CSF).

6.1 Impact

The impact that this research could have involves
improved methods of student-instructor interactions
and the addition of a new gamification component to
the LMS. These interactions are often linked with
high satisfaction levels of the course by students.
Instructors could get a better understanding of the
students’ comfort with the material when a large
number of students partake in knowledge-check
quizzes. The online instructor availability timetable
would encourage students to engage in discussions, as
they would know when to expect the instructor to be
online. If successful, results from this research could
also be applied to courses other than CS1.

6.2 Results

We expect students to take a liking to the video-paired
forums, as these will allow them to post questions on
the spot, while they are watching lecture videos. This
will potentially increase the ‘quality’ of the forum in
the sense that questions posted would only be related
to the material being addressed in each specific
lecture video. It would also simplify the provision of
feedback to students, as the instructor would
immediately see the section of the video that relates to
a specific question.



With the introduction of the instructor online
timetable, we anticipate that students will find it to be
quite helpful. This is mainly because to some degree,
students would know when to expect the instructor to
provide feedback to the questions they have posted.
We do appreciate that the instructor’s schedule may
not allow for all questions to be answered in a single
timetable slot. However, the timetable would still
serve its purpose in that students may then assume
that the instructor will use the next slot to tend to
more questions.

Since the knowledge-check quizzes would be ‘forced’
on the students, we expect students to have a negative
feeling towards them. However, we also expect these
to encourage student-instructor interactions since
more students will be taking them, this will help the
instructor to gauge the levels of understanding at a
much higher degree than before.

We expect students to enjoy the gamification features
as they will hopefully be user-friendly and they will
add a fun atmosphere to the otherwise bland learning
environment. We do realise that not everyone will
enjoy the game tools and therefore we can possibly
make them optional with an opt-in/out button.

6.3 Key success factors

This section discusses the factors that will ensure the
success of our project.

As our project is mostly research-based as opposed to
software development, the success of our components
will be measured through user feedback. This will be
attained using surveys to gauge how users/testers of
the systems feel about them.

We will then utilise the data to discuss the
implementation of the factors that we feel would help
realise the success of our project components, once
they are implemented and utilised.

6.3.1 Instructor online availability timetable

The success of this utility will rely heavily on the
flexibility of the timetable. In a situation where there

are a few questions, or none at all, students may opt to
use the timetable slots to interact with the instructor
via the general forums. This would be because they
know that the instructor is online, and could therefore
tend to their questions immediately. However, not all
students would be able to make the time slots in the
timetable, and thus a flexible instructor timetable
would cater to more students.

6.3.2 Mandatory knowledge-check quizzes

To ensure the success of this component, questions
posed for the students need to be related to the main
concept of the lecture video, and should not be
lengthy to derail the students nor distract them from
their learning from watching the lecture video.

6.3.3 Lecture-video forums

For this implementation to succeed, the tool must be
able to grab the timestamp of the lecture video at the
precise moment a student presses the ‘ask question’
button.

6.3.4 Gamification tools

For a positive outcome, our game-tools need to be
fun, easy-to-use and user-friendly to add some variety
to the learning process. They will be deemed
successful if the learners use them frequently and if
they increase the student’s engagement with the
course.

7. PROJECT PLAN
7.1 Risk matrix

This can be found in the appendix section as
Appendix A.

7.2 Timeline



The research project is expected to run from the 17th
of May, to the 18th of October 2021. The timeline is
properly depicted in the Gantt chart in Appendix B.

7.3 Resources required

In order to carry out our research aims and thoroughly
evaluate them, we will need access to students
enrolled in a CS1 course, and their instructors, to
provide us with feedback. Access to UCT’s Vula
LMS and the Tsugi test tool will also be required, in
order to integrate our coding deliverables.

7.4 Gantt Chart

This outlines all the project details with regards to the
deliverables and timeline. It can be found in Appendix
B.

7.5 Deliverables

The core deliverables of this project include a new
Vula forum extension, newly configured Tsugi test
tool, gamification element additions and the initial
course outlined submissions:

Project Proposal
Project Presentation
Project Paper
Project Poster
Project Website

7.6 Milestones

The research project milestones are represented as
orange diamonds in the Gantt chart, and indicate
significant stages of progress in our project. These are
mostly code deliverables.

7.7 Work Allocation

Moses shall focus on the student-lecturer interactions
and present his findings to do with enhancing this
aspect of learning.

Roscoe shall focus on the gamification aspect of
learning and try to integrate techniques that have been
proven to work into his tools.

Moses and Roscoe shall work together on the
necessary surveys, questionnaires and data-gathering
tools.

8. CONCLUSIONS

In summary, this project shall explore specific CSFs
related to improving a first-year introductory course
in programming. It has the potential to have its
findings extended to other courses presented in an
ODL environment.

This project will be diving into the evaluation of
student-lecturer engagement as well as gamification
as the means by which to improve the quality of CS
Education.
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Risk Probability | Impact | Consequences Mitigation Management
(scale of 1 - | (scale of
10) 1-10)
Team member 4 5 The member’s Ensure the team is Exclude the member’s
dropping out experiment would be left | communicating experiment from the final
incomplete, and the effectively and everyone | submissions and
collaborative workload is taking care of their redistribute collaborative
will be made heavier on | health and is conscious work across the
the remaining members. | of safety measures to be | remaining members while
taken during the also adjusting timelines
COVID-19 pandemic. as needed.
Lack of willing 9 10 Research would not have | Offer participants Ask friends/family to take
research participants. any results, and thus no incentive for part in the research
conclusions would be participating in the instead. But this approach
drawn. Failure of research. is vulnerable to bias.
research.
Time constraints. 4 8 Failure to complete the Have regular check-ups | Direct focus towards the
research project on time | to see if everyone is core components of the
(or at all). Research may | abiding by the time research project, and
be handed in with some | frames set in the project | neglect less important
components missing. plan. Reduce the scope if | tasks.
necessary.
Team disputes 3 6 Inconsistent and Prioritise Communicate and sort
(creative contradictory work. communication, and out any issues. Seek a
differences). Demotivated team always ensure that both mediator if possible.
members. members contribute to
the decision making
regarding the project.
Team 4 6 Could result in project Obeying laws and Hopefully working harder
member/supervisor downtime needed for regulations with regards | post recovery to make up
catching Covid. rest and recuperation. to Covid. for lost time.
More work and
responsibilities for the
other team member.
Failure to meet the 3 8 Poor results for the Research team to Reduce the project scope
requirements of the project and a compare project outputs | to ensure that it can be
project disappointed supervisor. | with requirements on a successfully met.
regular basis.
Lack of adequate 5 8 Project deliverables may | Try not to do too much Seek assistance from
capabilities to suffer and not be as by keeping the scope of | supervisor and other
complete the project. complete as originally the project manageable people who are more
wanted. capable
Supervisor loses 1 7 Project could derail and | Regular meetings and Remind supervisor of

interest in
the project.

lack direction due to
lack of guidance and
support.

updates on project
progress.

project vision and
potential applicability in
real-world.




Appendix B.
Gantt Chart.

= teamgantt Printed: June 22, 2021

Creabeen v b Froea Soitior

Exploring CSFs in on... ==t wnd

Project Proposal =
Project proposal 1st draft B2/0E 2206
Fesdbacik from supersisor A6 2306
Ethics clearance form fee. e 2406
Submission of Ethics clea... FA0E 2406
Project plan LT/06 ZL06
Submission of revised init.. FA0E 2406
Project proposal presentat... BSATF a9 T
Supervisor offidal feedba... FA0E 1amaT
Final project proposail FT IomT
Final submission g IomT
Initial software feasibility... B 1amE

i T OTEL  oEOEE
‘Gadning famillarity with W_. 30T o3ma

Teol development SE/OEEL oS0l

Widieo-paired forams DROEEL  0OOerI
Farum design (=2 GamE
Farnum development o5 A8 1Sm8
Acguiring video timest.... LR ] 1508
Persistence [Linkage to ... L5/GE 2EME
Code testing and evalu... FTAE ALOE
Forum component comp... (=20, CLArD

E K - ZueyEL  SososiE
Configuration of Tswgl k... L8 I8
Code testing and evalu... FR0E 0B
Quiz component compd... 3008 0B

Instructor onfine timet... ofmpaZ oosa
bnoor af tir (=% 1308
Testing and evaluation B8 20008
Thmetable complete IO 2000E

‘Gamification DROEEL  TRAEsI
Gamification componen... 2 2308
Testing and evaluation FaE 20008
Gamification componen... FE 20008

Integration ints Vala L. I OEFEL  ROeE
Farum integration FEAE ALOE
Knowled ge-check guiz ... FTAE 2EDE
Instruscior availability t... FiaE 2408
Gamificaticn integration FE G2l
Integration complebe SR G2l

Project code issi
Praject code submission A L

L S ATIOESTL  LTOEE

Drafr ATIOESTL TG
Procedunes and experi_ 1708 ILOE
Presentation of resuits [ T
Discussions: ea0e oasoe
Conclusiors [==T ] oToe
Diraft complete: (=1 oToe

Final paper 1200 170

Paper submission 170 LTS

Project Poster and websi... ocsmerz oSaosa .
Project Poster S0 Lt
Project poster submissicn A5/ iS5m0
Project website deselop.... ST ETET
Project website submissi... 5710 o550




