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Abstract

This report begins with a literature review of computing education
in Africa. We found a substantial body of work, scattered over more
than 80 venues, which we have brought together here for the first
time. Several important themes emerge in this dataset, including
the need to contextualise computing education.

In the second part of this report we investigate contextualisation
further. We present a pilot study, grounded in the literature review,
of the development of course materials, sample code, and program-
ming assignments for introductory programming, contextualised
for six African countries: Botswana, Egypt, Ghana, Nigeria, South
Africa, and Zambia. We include the materials, report on a prelim-
inary evaluation of the materials by fellow educators in African
countries, and suggest a process by which other educators could
develop materials for their local contexts.
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1 Introduction

This report begins with a literature review of computing education
research in Africa. One might easily get the impression from attend-
ing computing education conferences that little or no computing
education research has been done in African countries. For example,
recent analyses have shown that contributions from Africa to the
ACM SIGCSE Technical Symposium [113] and the ACM ITiCSE
Working Groups [126] are rare. We wanted to find out if there was
a computing education research literature from African countries,
and if so, what it was like.
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We found no previous comprehensive literature review. A bib-
liometric analysis of computing education research in the Global
South [9] concluded that South Africa has a notable number of
computing education publications. A recent study by Sanusi and
Deriba [155] has some preliminary results but was limited to major
international computing education research outlets. An analysis
of the publications in the South African Computer Journal through
2009 [102] included only a few about computing education. Finally,
individual papers’ related work sections sometimes contain useful
information, but they are, by definition, focused on a particular
topic (for example, [183]).

As a result, we have investigated the following research ques-
tions:

RQ1 How many computing education research papers based on
data from one or more African countries have been pub-
lished?

RQ2 In which years were the papers published?

RQ3 In which countries were the papers’ data gathered?

RQ4 In which venues (i.e., conferences and journals) were the
papers published?

RQ5 What were the major topics addressed in the papers?

As we will demonstrate, our findings reveal a substantial body
of work distributed across more than 80 different venues. We do
not attempt to synthesise the papers in our dataset into a larger
statement about “what Africa thinks" about the topics they address.
Africa includes many very diverse countries, most of which them-
selves include a variety of regions, languages, and cultures. Our
argument, instead, is that these papers should be taken into account
as part of the broader computing education research discourse.

To make it easier for readers to explore this literature, a com-
plete list of the papers in our dataset is given in the references
to this report (indicated by an asterisk before the first author’s
name). The answers to our research questions provide an outline of
the dataset (Section 3), and selected papers are discussed in more
detail (Section 4). By integrating African experiences, challenges,
and innovations into the broader discourse of computer science
education, these works contribute to a more inclusive and globally
relevant body of knowledge.

In the course of this literature review, efforts to contextualise
computing education emerged as an important theme. Building on
this finding, we developed new contextualised materials for com-
puting education in African countries. The process of developing
these materials, the materials themselves, and a preliminary evalu-
ation are described in the second part of this report. In Sections 6
through 13, we present our pilot study in the development of new
contextualised materials for computing education in Africa: sample
code and programming assignments for introductory programming.
Finally, in Section 14, we conclude with a summary of the whole
report and suggestions for future work.

This report extends previous work in several ways. It presents:

o A dataset of computing education papers that are based on
data from African countries.

o The country affiliations of the papers’ authors, the venues
and years in which the papers were published, and the major
topics the papers address.

Sally Hamouda et al.

o Supplementing this descriptive information, more detailed
discussions of selected papers from the dataset.

e Contextualised programming activity examples for six dif-
ferent African countries (Egypt, Botswana, Ghana, Nigeria,
South Africa, and Zambia), designed by educators from those
countries and explicitly linked to the CS2023 knowledge
units and learning objectives.

o A preliminary evaluation of those materials by fellow educa-
tors in those countries.

o A practical starting point and a suggested process by which
lecturers across African countries, and beyond, could de-
velop additional materials for their own local context. This
structured approach to contextualisation lays the ground-
work for ongoing research and continuous improvement
in contextualised computing education, supporting broader
goals of inclusion and diversity in the field.

1.1 Researcher Positionality

We are a team of twelve educators and researchers with a combined
115 years of computing education research experience. In addition,
seven of us have 76 years of teaching experience in Africa, and,
beyond the classroom, ten of us have collectively spent 297 years liv-
ing in various African countries, namely, Botswana, Egypt, Ghana,
Nigeria, South Africa, and Zambia. Our collective experience guides
this research.

2 Literature Review: Methods

In this section, we discuss the query we used, the databases we
searched, which papers we included out of those retrieved, and how
we coded the papers in the resulting dataset. (Note: Our dataset
includes conference papers, journal articles, and one PhD thesis;
for readability, we refer to them all as “papers”). This process is
summarised in Figure 1.

2.1 The Query

Our query was adapted from the query reported in Ezugwu et al’s
survey of literature related to machine learning in Africa [73]. The
original query included a list of the countries in Africa, plus terms
specifically related to machine learning. We modified the query
to focus on computing education, rather than machine learning,
and streamlined the list of countries. For example, since a search
on “Sudan” should retrieve both “Sudan” and “South Sudan”, we
decided to search on “Sudan” alone. Similarly, we searched on
“Guinea” alone, rather than “Equatorial Guinea”, “Guinea”, “Guinea
Bissau”. (This last change, we later discovered, led to the inclusion
of two papers about “Papua New Guinea”, but those were easy to
exclude.)

We then spent the first two weeks exploring the databases to
investigate what query would be most effective. After exploration,
we agreed on the following logic for our query:

(“computing education” OR “computer science educa-
tion” OR “CS education” OR “robotics education” OR
“machine learning education” OR “software engineer-
ing education” OR “programming education”) AND
(“Algeria” OR “Angola” OR “Benin” OR “Botswana”
OR “Burkina Faso” OR “Burundi” OR “Cameroon”
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Figure 1: A dataflow diagram showing the number of papers
in our dataset at each step in the analysis.

OR “Cape Verde” OR “Central African Republic” OR
“Chad” OR “Comoros” OR “Congo” OR “Cote d’'Ivoire”
OR “Djibouti” OR “Egypt” OR “Eritrea” OR “Eswatini”
OR “Ethiopia” OR “Gabon” OR “Gambia” OR “Ghana”
OR “Guinea” OR “Kenya” OR “Lesotho” OR “Liberia”
OR “Libya” OR “Madagascar” OR “Malawi” OR “Mali”
OR “Mauritania” OR “Mauritius” OR “Morocco” OR
“Mozambique” OR “Namibia” OR “Niger” OR “Nigeria”
OR “Rwanda” OR “Sao Tome” OR “Senegal” OR “Sey-
chelles” OR “Sierra Leone” OR “Somalia” OR “South
Africa” OR “Sudan” OR “Tanzania” OR “Togo” OR
“Tunisia” OR “Uganda” OR “Zambia” OR “Zimbabwe”)

We also decided that because full-text searches retrieved thousands
of results, we would limit our search to the titles, abstracts, and
keywords for each paper.

2.2 Databases

We searched the ACM Digital Library (“the DL”), IEEE Xplore,
Scopus, ERIC (eric.ed.gov, an online library of education research
and information), and Web of Science. The total number of papers
retrieved per database can be seen in Figure 1. After removal of
duplicates 462 papers remained in the dataset.

Because we were working with more than one database, the
first challenge was how to implement our logical query in differ-
ent databases. For the benefit of readers who might want to do a
similarly broad search on this or other topics, we include details of
the challenges raised by working with such a variety of different
databases.
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2.2.1 The ACM Digital Library. The DL’s interface provides no
obvious support for entering an SQL-type query such as the one
given above. Instead, the primary “Advanced Search” interface of
the DL offers one or more textboxes. In each box, one or more
words or phrases can be entered; these are combined implicitly
with “OR”, and the textboxes are connected to each other by “AND”.
Next to each textbox, there is a menu that allows the user to select
the breadth of the search from several options, including Title,
Abstract, Keyword — but not more than one option per textbox.
Unlike Scopus, IEEE Xplore, or ERIC, the DL does not offer the
option of searching title, abstract and keywords.

The DL does provide a way to limit a search by modifying indi-
vidual terms in the query. So we revised our query using separate
terms for title, abstract, and keyword. The new search looked like
this:

(Abstract:“computing education” OR Title:“computing
education” OR Keyword:“computing education” OR
...) AND (Abstract:“Algeria” OR Title:“Algeria” OR
Keyword: “Algeria” OR ...)

substituting three terms (with the prefixes “Abstract:”, “Title:”, and
“Keyword:”) for each of the terms in our original query. The resulting
query had a total of 183 terms.

The next question was where to enter this new expanded query.
In the end, we had the best results by pasting our query into a single
textbox, and selecting the menu item “Search Anywhere” for that
textbox, hoping that the Title:, Abstract:, and Keyword: restrictions
in the actual query would over-ride the full-text search. This did
indeed seem to be the case since we retrieved a combined total of
40 papers from searching both the ACM Full-Text Collection and
the ACM Guide to Computing Literature.

2.2.2  IEEE Xplore. IEEE XPlore does allow a search on abstract/ti-
tle/ keywords, but limits the number of search terms per search
clause to a maximum of 25. So three separate searches were per-
formed:

(1) “All Metadata”:“computational thinking” OR “All Metadata”:
“programming education” OR “All Metadata”:“computing
education” OR “All Metadata”:“computer science education”
OR “All Metadata”:“CS education” OR “All Metadata”:“robotics
education” OR “All Metadata”:“machine learning education”
OR “All Metadata”:“software engineering education”) AND
(“All Metadata™:“Algeria” OR “All Metadata”:“Angola” OR
“All Metadata“:"Benin“ OR “All Metadata”:“Botswana” OR
“All Metadata”:“Burkina Faso” OR “All Metadata”:“Burundi”
OR “All Metadata”:“Cameroon” OR “All Metadata”:“Cape
Verde” OR “All Metadata”:“Central African Republic” OR
“All Metadata”:“Chad” OR “All Metadata”:“Comoros” OR
“All Metadata”:“Congo” OR “All Metadata”:“Cote d’Ivoire”
OR “All Metadata”:“Djibouti” OR “All Metadata”:“Egypt”.
Note: “All Metadata” includes: abstract, index terms, and bib-
liographic citation data (such as document title, publication
title, author, etc. ).1

(2) Same as above but countries are Eritrea through Mauritius,
inclusive

lieeexplore.ieee.org/Xplorehelp/searching-ieee-xplore/command-search#summary-

of-data-fields


https://eric.ed.gov/
https://ieeexplore.ieee.org/Xplorehelp/searching-ieee-xplore/command-search#summary-of-data-fields
https://ieeexplore.ieee.org/Xplorehelp/searching-ieee-xplore/command-search#summary-of-data-fields
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(3) Same as above but countries are Morocco through Zimbabwe,
inclusive

2.2.3  Scopus. The search in Scopus was refreshingly simple: the
first search page displayed in Scopus has a search box with “ab-
stract/title/keywords” selected (the default scope for the search).
The search box took our entire query with no modifications.

2.24 ERIC. By default, ERIC searches title, author, source, abstract
and descriptor. Judging by the output of our searches, “source”
refers to the name of the venue (e.g., Computer Science Education
or EDUCON), and “descriptor” refers to keywords. Thus, ERIC’s
search is equivalent to what we did in the other databases — with
the minor addition of the venue title — and a lot easier than the
ACM Digital Library’s.

There is an ERIC keyword “location:” that seems to be required
for all papers, so we used an unrestricted search for the topics and
a “location:” search for the countries:

(“computing education” OR ...) AND (location:“Algeria”
OR..)

In other words, we did a title-abstract-keywords search for the
topics, and a “location:” search for the countries. The only catch
was that ERIC citations are exported in a file format called “nbib”;
we wrote a program to convert the nbib entries to bibtex.

2.2.5 Web of Science. We used the “Topic” search box, which au-
tomatically searches title, abstract, keyword plus, and author key-
words, without modification to our query.

2.3 Analysis: Overview

In the first phase of our analysis, before the working group met
in person at ITiCSE, we applied the criteria described below in
Sections 2.4 and 2.5 and developed a tentative list of paper themes
or topics. Five researchers each read approximately 90 papers. While
there was some discussion among the researchers, due to the size
of the dataset, there was only one coder for each paper.

In the second phase, after ITiCSE, each of the papers from the
initial dataset was re-analysed by two people, with one researcher
coding all of the papers (for continuity) and eight researchers each
coding approximately 20 papers, independently from the first coder.
For each paper, we re-checked the inclusion criteria, removing
papers that we agreed did not satisfy them. We then deductively
coded the remaining papers using the topics list from the first pass,
while remaining open to new possible codes. All differences were
resolved through discussion.

In parallel, two other researchers extended our original search by
identifying the authors whose names occurred on the most papers
in our dataset, searching for their works on Google Scholar and Re-
searchGate, and coding the resulting papers. ResearchGate’s recom-
mendation feature was useful in finding “similar papers” once one
was downloaded. After applying the exclusion criteria (Section 2.4),
they followed the same process as the researchers re-analysing the
preliminary dataset (refer to Figure 1).

More details of the analysis are given in the remainder of this
section.
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2.4 Analysis: Exclusion Rules

We began with some objective exclusion rules, removing from the
dataset:

e Any paper with fewer than 4 pages, in order to focus on
more substantial articles and conference papers, rather than
posters or short work-in-progress papers.

o Citations to entire conference proceedings. These were ex-
cluded on the grounds that relevant items would be retrieved
as individual papers. We applied a similar rule to “collec-
tions”: books made up of chapters written by different au-
thors on a variety of topics.

o Any papers where the full text was not available in English.
There is potentially a very interesting literature available in
Arabic and French, and perhaps additional languages, but it
is outside the scope of this report.

e Any papers that were not peer-reviewed.

2.5 Analysis: Inclusion Rules

Our two inclusion criteria are derived from our first research ques-
tion:

o Is the paper about computing education?
o Is the paper based on data gathered in one or more African
countries?

2.5.1 Computing Education. The core examples of computing edu-
cation research were easy to recognise: for example, papers about
how to teach introductory programming. In general, we included
papers about the teaching and learning of one or more computing
concepts or topics (see CS2023 [4]), regardless of whether they were
taught to majors or non-majors. We also included papers about
teamwork, if grounded in the context of teaching and learning com-
puting, and issues such as student motivation to study computing
and gender ratios in computing classes. Similarly, the decision not
to include papers about topics such as biodiversity and electrical
engineering was an easy one.

Borderline cases that we decided were out of scope for this report
included papers about advising or mentoring computing majors
and the job market for computing graduates. We also decided not
to include papers about statistics, mathematics and writing for com-
puting majors. While those topics are undoubtedly important for
computing students, this report focuses specifically on computing
topics.

Other borderline cases were sometimes in scope and sometimes
not: papers about using technology in teaching and papers about
infrastructure. These were included only if they made an explicit
connection to the teaching and learning of computing. The decision
regarding teaching with technology is supported by the scope of
ACM Transactions on Computing Education which states [3]:

The journal does not publish on learning technologies
unless the technology is specifically about teaching
and/or learning computing concepts and reveals in-
sights about teaching/and or learning computing. It
is not enough for learners to be using computers to
learn, or for learning to be set in a learning context
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about computing concepts. The work must reveal in-
sights about teaching and/or learning computing in
particular to be in scope.

2.5.2 Data Gathered in One or More African Countries. For this
report, all papers were required to have some data from one or more
African countries. Papers based on data entirely from outside of
Africa were out of the scope of our report, even if all the researchers
were affiliated with an institution in an African country.

We defined “data” very broadly. Besides human participant data
such as interviews with or survey data from students or instructors,
samples of student work, student grades, student demographics, stu-
dent journals, and classroom observations, we included experience
reports, curriculum documents, education policy documents, and
overviews of the past or current state of some aspect of computing
education.

Two cases where we did not include the papers were:

(1) Papers where the data from an African country were ag-
gregated with data from other countries, with no separate
analysis or discussion.

(2) “Approach-design-roadmap” papers (so called from typical
first words of their titles). These papers present an idea about
how to do something that could generally be applied any-
where (for example, a new programming language) and has
not been evaluated in an African context.

Even though some of these papers have an author who is affiliated
with an institution in an African country - and some of the papers
are quite interesting — we decided that both types of paper were
outside the scope of this report.

Finally, after a paper was ruled out for any reason, we did not
apply the rest of the inclusion/exclusion rules to that paper. Thus,
for example, if a paper was too short, or not in English, we did not
check whether it was an approach-design-roadmap paper.

2.6 Limitations

One limitation of the literature review is that we only looked at
literature where the full text is in English. This only meant deleting
one item from our dataset. Nevertheless, there is relevant litera-
ture in Arabic and French, and possibly other languages (see, for
example, [2, 171]). We conjecture that the failure of our searches
to retrieve more of this work is likely because the databases we
searched, and the search terms we used, are biased towards English.
Investigating the computing education literature in other languages
would be a very interesting area for future work.

We looked only at papers that had been published up to the dates
of our searches, in mid-March 2024. Since this is a lively area of re-
search, more relevant papers have probably already been published.
We aim here only to provide a baseline for further investigation.

We searched only on the title, abstract, and keywords. It is possi-
ble, therefore, that there are relevant papers that we did not retrieve.
In addition, we did not look at all possible databases. In particular,
the databases we chose do not generally index PhD theses, and
there are definitely several PhD theses that would have fit our
inclusion criteria that our query did not retrieve (See, for exam-
ple [8, 43, 134, 144, 152, 185]). Further, it is possible that, during the
first pass when papers were reviewed by one person each, we may
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have inadvertently excluded papers from the dataset that should
have been included.

Finally, although the thematic analysis was done by two re-
searchers for each paper, other reviewers might reach different
conclusions — indeed, probably would, given different backgrounds
and experience. We have identified all the papers in the dataset
in our bibliography. Another analysis of these papers (and more)
would be a welcome addition to the conversation about computing
education in African countries.

3 Literature Review: Results

In this section, we characterise the dataset in terms of the answers
to our research questions. In Section 4, we expand on these results
with a more detailed discussion of several example papers from the
dataset.

3.1 RQ1: Number of Papers

After the analysis described in Section 2, our dataset contained 140
papers. These papers were used in our analysis and are indicated
with an asterisk (*) at the start of their listing in the references of
this report.

3.2 RQ2: Years of Publication

Figure 2 shows a clear growth over time in the number of papers
about computing education in African countries. The first paper
in our dataset is an outlier, published in 1978 [19], a paper by a
Nigerian researcher that described computing education in Nigeria
including the history of computing education in Nigeria and the
details of computing courses at several Nigerian universities. This
is perhaps not entirely surprising since Nigeria was Africa’s most
populous nation in 1977 [1], as it still is, and obtained its first
computer for educational purposes in 1963 — an IBM 1401 - a result
of the IBM World Trade Corporation establishing the IBM African
Education Centre at the University of Ibadan in Western Nigeria.
That year, 52 students from Nigeria and other English-speaking
African nations were enrolled in courses in FORTRAN and other
programming courses [1].

Following that, there was a gulf in publications and then slow
growth until recent years, most of which have ten or more papers.
Since 2024 already has 11 papers, even though our data were col-
lected in March, the current year is on track to match or exceed
2023’s record of 15 papers.

3.3 RQ3: Countries Where Data Were Gathered

Table 1 shows the 24 African countries from which the papers in
our dataset gathered data and indicates the number of papers based
on data from each of those countries (in the Total (Data) row). The
list includes almost half of the countries in Africa, spanning the
continent north to south from Egypt to South Africa, and west to
east from Ghana to Kenya. For comparison, we also analysed how
many of those papers also included data from countries outside of
Africa. These countries are shown in Table 2, again in the Total
(Data) row.

Finally, to further explore the connection between the papers in
our dataset and African countries, we examined the institutional
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location of the authors of these papers. The way we counted author-
ship was by paper. For instance, if a given paper had three authors
(e.g., Nigeria, Finland, and United States affiliations) and gathered
data from two countries (e.g., Nigeria and Finland), we recorded
this as one authorship from Nigeria, one authorship from Finland,
and one authorship from the United States. Similarly, we would
have recorded one instance of data gathered from Nigeria and one
instance of data gathered from Finland. Thus, this example paper
would result in five data points - three authorships and two locales
from which data were gathered.

These results are given in the Total (Authorship) row of Table 1
(for authors with affiliations to an African institution) and in the
Total (Authorship) row of Table 2 (for authors with affiliations
outside of Africa). When considering the author affiliation results,
it should be taken into account that author affiliation is only a
rough proxy for the author’s connection with Africa: even within
our dataset, there are authors who go back and forth between
affiliations inside and outside of Africa.

South Africa and Nigeria are quite prominent in both categories
of data and authorships. With regard to data from African countries,
they are tied at 33 papers each. South Africa is ahead on author-
ships with 47 papers, as opposed to 21 for Nigeria, indicating that
papers about South Africa are more likely to be written by authors
currently in South Africa.

Among non-African countries, Finland stands out with 43 papers
with authors from Finland reporting on data from Africa (which
may or may not be co-authored with authors currently in an African
country). This is due to the fact that many Finnish researchers have
spent time in Africa and many African researchers are working on,
or have completed PhDs in Finland. Finland’s number of author-
ships is second only to South Africa’s overall, and among countries

outside of Africa, the country with the next highest number is the
United States, with 17.

3.4 RQ4: Publication Venues

The 140 papers in our dataset were published in a total of 88 different
venues (counting venues with similar but slightly different names,
such as Elsevier’s Computers and Education: Artificial Intelligence
and Computers and Education Open, as distinct items).

The venues with the most papers were IEEE Frontiers in Educa-
tion (8 papers); African Journal of Research in Mathematics, Science
and Technology Education and Computer Science Education (7 papers
each); Education and Information Technologies (6 papers); IEEE IST
Africa (5 papers); and IEEE Africon and the SIGCSE Symposium (4
papers each). Of the 88 venues, 76 published only one paper each.

Only 28 of the 140 papers were published in what might be called
“core” computing education venues: the conferences ACM ICER,
ACM ITiCSE, ACM SIGCSE Symposium, IEEE Frontiers in Educa-
tion, WiPCSE, and Koli Calling, and the journals IEEE Transactions
on Education, ACM Transactions on Computer Science, and Computer
Science Education. There was one paper in our dataset from ACM
Inroads [34].

3.5 RQ5: Major Topics

The main topics of the papers in our dataset are shown in Table 3.
As in the broader computing education literature, programming
education is a popular topic. Upper-level courses, however, are in-
vestigated in almost as many papers as programming education
is. Other frequent topics include infrastructure (hardware, soft-
ware, internet connections, instructors, and/or technical support),
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attitudes towards computing, using technology in teaching, col-
laboration/teamwork, and contextualisation (of curriculum, course
materials, or teaching approaches).

4 Literature Review: Examples

Readers are invited to browse the following discussion of selected
papers from our dataset.

4.1 Programming Education

The teaching and learning of programming has been a notable focus
in the computing education research literature from Africa, as it is
in the broader computing education literature. The programming-
education papers in our dataset were published from 1996 [88]
up to the present day [90]. Some address programming courses at
the secondary level (for example [28, 66, 67]), many at the tertiary
level (for example [85, 88, 89, 95]), and some in informal learning
settings [26, 90].

These papers are based on data from countries spanning the
continent from east to west and north to south: Botswana [29, 105,
177], Ethiopia [38], Ghana [17], Kenya [26, 90], Libya [131], Mo-

rocco [127], Namibia [112], Nigeria [13, 28,97, 169, 175], Rwanda [105],

Senegal [85], South Africa [86-89, 93, 110, 111, 116, 119, 120], and
Tanzania [20, 22-25, 66, 67, 95, 104, 186].

Some examples of those papers follow, organised around ques-
tions that computing instructors or researchers might have.

4.1.1  What are some examples of computing course materials con-
textualised for African countries? The papers in our dataset reported
several contextualised assignments for introductory programming
courses — assignments that were designed to be relevant to students
in a particular time, place, and culture. Duveskog et al. [66, 67], the
first papers in our dataset to address contextualisation, reported on
a course project at the Kidugala secondary school in the southern

highlands of Tanzania, in which introductory programming stu-
dents coded Java applets and built a website to provide information
about HIV/AIDS. This course, offered in a rural secondary school
in the southern highlands of Tanzania, was contextualised by the
instructor’s choice of project: creating a website for HIV/AIDS edu-
cation. At that time, the death toll from HIV/AIDS in Sub-Saharan
Africa was particularly high. Students were encouraged to use both
Swabhili and English in their website. Having something important
and relevant to talk about and knowing that their website would be
published on the Internet for the planet to see — even though nei-
ther they nor their neighbours had Internet access — was a strong
motivation for the students to learn programming.

Anohah and Suhonen [17] is a study of the use of Akan symbols
(from a specific culture within Ghana) as a source of examples for
an introductory programming course. Students with no previous
programming experience were first taught to write Snap programs
to display various Akan symbols. After four weeks, they were then
taught to write Java programs to display the same symbols. Both
quantitative and qualitative results indicated that the use of the
Akan symbols led to an increase in both the students’ understanding
of basic concepts and their motivation to study programming.

Vesisenaho et al. [186] took this strategy one step further, asking
introductory programming students at the University of Iringa in
Tanzania (then Tumaini University) to reflect on and suggest local
applications for software. By the end of the semester, many of the
students were able to make connections between programming and
their own context.

Awaah et al. [28] reports taking a similar approach. In this project,
students in two different Nigerian secondary schools were given a
lesson in Python programming. One group’s lesson was delivered
as a standard lecture. The other lesson illustrated a theory called the
“Culturo-Techno-Contextual Approach” that, in practice, involved
using contextual examples and asking the students to suggest them
as well. An analysis of pre-test and post-test data from both groups
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Category Key concept Count Total
Programming 59
AI/ML/robotics 28
. Software Engineering 16
Knowledge (*) HCT 5
Computer ethics 4 149
Data structures 2
Foundational and Professional Knowledge
Collaboration/Teamwork 27
Computational Thinking 8
Using Tech in Teaching 29
Contextualisation 24
Broadening Participation 10
Teaching Strategies Assessment 8 83
Distance Learning 6
Pair Programming 4
CS Unplugged 2
Curriculum Design 26 26
Infrastructure 40
Learning computing - attitudes, perceptions, motivation 34
Other Factors Gender and CS 14 92
Analytics - predictive factors 4

Table 3: Key themes emphasised in the papers in our dataset — (*) denotes a category derived from CC2020

of students indicated that the Culturo-Techno-Contextual Approach
was more effective.

Contextually relevant projects can be powerful motivators in
upper-level project courses, as well as introductory programming.
Laine and Sutinen [104] described a multi-national project course
piloted as part of the contextualised Bachelors’ in Information
Technology program at the University of Iringa in Tanzania [104].
The course consisted of a single long assignment: developing “an
Android-based pervasive learning game” for a museum in Tanzania,
in collaboration with students from a Finnish university. The first
contextual aspect was the choice of mobile phones, as those were
both popular and more widely available than computers. In addition,
a mobile app project would prepare students for the “vibrant mobile
industry” in Tanzania.

The app itself, the Bagamoyo Caravan, was also deeply grounded
in a local context. Designed for the Catholic Museum in Bagamoyo,
Tanzania, which depicts the history of slavery in the area, the Bag-
amoyo Caravan tells the story of slaves’ journey in a slave caravan
from their home village to Bagamoyo. As a pervasive computing
app, with access to the users’ location, it was designed to relate the
game’s story and challenges to the museum exhibits near the users,
as they moved around the museum. The language was contextu-
alised by writing the game content in both Swahili and English.
The course raised serious challenges, including organising and im-
plementing a multi-national project involving technology that was
new to the participants and travel (both between Finland and Tan-
zania, and between the Tanzanian university and the museum).
Nevertheless, the students found the project very motivating, and
the authors both recommended that the pilot course be added to

the degree program and provided an analysis for those seeking to
develop a similar course elsewhere.

Gotel et al. [85] extended WebWork, an open-work software tool
for designing and grading practice questions, to computer program-
ming. The resulting system was tested on students in a number of
countries around the world, including Senegal. The open-source na-
ture of the software was an advantage, but the difficulty of writing
appropriate, clearly understandable questions in a variety of lan-
guages was a major obstacle. One lesson of this experiment might
be that large-scale, top-down contextualisation is challenging.

For more about contextualisation, see Sections 6 to 13, where
we present new contextualised assignments, developed by this
Working Group, and discuss that project in more detail.

4.1.2  How many women are studying computing and how (if needed)
can we increase that number? There has been a long-standing con-
cern about the percentage of women in computing in Europe and
North America [48, 130]. This is not the case in some other countries
like Indonesia, Malaysia, and Thailand [184].

The evidence from our dataset is mixed — not surprising, given
the diversity of African countries. One of the papers (though not
specifically focused on introductory programming) found that “as
the percentage of women studying CS has dropped in the U.S. and
other [Anglo-Saxon, Scandinavian, and German-speaking] coun-
tries, the percentage of women studying computing in Mauritius
has increased to levels proportional to the percentage of women in
the general population” [5]. On the other hand, Ayalew et al. [29]
reports a significant difference between the success of males and
females in the introductory programming class at the University of
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Botswana, and Liebenberg and Pieterse [111] report that in South
Africa only 27% of the students taking programming in secondary
schools are girls. Ochwa-Echel [140]’s PhD thesis reported that
women made up only 14.8% of the computer science students at
Makerere University in Uganda and provided cultural and historical
background, along with an in-depth analysis of the factors that led
to this disparity.

As a possible solution, Liebenberg and Pieterse [111] investigated
the effect of pair programming in a secondary-school computing
class in South Africa. It was received very enthusiastically. One of
the girls in the class commented: [110, pp. 232-233]:

But now that the pair programming is introduced
I'm like: there’s still hope because I'm learning new
things, someone is helping me on my mistakes, I'm
not actually alone. They’re helping me along the way,
holding my hand, you know, just introducing me to
new ways of actually doing it.

Pair programming could help to create a critical mass of girls
taking programming [110, p. 231]:

Tknow it (pair programming) will attract more people.
You can approach IT knowing you’re not alone in it. I
know when I came to IT in Grade 11 I thought: “look
how little (few) people there are” . . . But if you're
working as a team, and you’re working with someone
you can actually think: “It’s not that bad. I shouldn’t
be so scared. This one knows just as much as I do, I
can help him, he can help me, so why not?” I think
girls would actually be a bit attracted to it. Yes, the
more people that come, not just getting guys, getting
girls as well.

One participant summed up the experience as follows [110, p.
232]:
We all prefer pair programming because when we get
in the class, sir gives us a program, the first thing we
do: Pair programming we want!

4.1.3 How can mastery learning, supplemental coursework, and tu-
toring systems be used to support introductory programming? Three
papers in our dataset, all from South Africa, discuss possible ways
to support students in introductory programming. Greene et al. [88]
described the situation in a South African engineering school in
1996 (shortly after the end of apartheid), when many entering stu-
dents were failing the first-year programming course required for
all engineers.

Their response had two parts: a mastery learning course in basic
computing skills and a new alternative introductory programming
course designed for less experienced students. The mastery learn-
ing course, Using Computers, was required for all students, but the
least experienced students were assigned more lab time. All work
and testing were hands-on in a computer lab. The first lab had the
students type on the computer keyboard, which built confidence
in the least experienced; the ultimate goal was for the students to
learn word processing, spreadsheets, and the mathematics package
used in the first-year mathematics course. After the first two weeks,
students could request to be tested at any time on their current topic
and repeat the test until they passed, so experienced students could
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complete the course quickly. The self-paced nature of the course
was popular and effective; eventually almost all of the students
demonstrated all of the desired skills. The new alternative program-
ming course was optional and had only 15 students. It consisted of
1/3 MATLAB programming, 1/3 basic computer concepts (binary
numbers, etc.), and 1/3 C programming [88]. It was a small sample,
but preliminary results were encouraging.

Twenty years later in the second paper, Marais and Bradshaw
[120, p. 339] reported fundamentally the same challenge: “South
African universities need to accommodate learners from the flawed
public schooling system in South Africa”. Private schools provided
the needed background, but graduates of the public schools were
weak in both science and mathematics. Universities were facing
larger and larger enrolments, with greater disparities in background.
Marais and Bradshaw [120], arguing that the burden “falls on the
universities to align [the ACM/IEEE curriculum] guidelines with
their own institutional challenges”, also proposed a new course.
Unlike Greene et al. [88]’s solution, however, this course was to
be offered in parallel with the programming course, and it pro-
vided training in what might be called computational thinking:
graph reading, logic and inference, simplifying and decomposing
problems, etc.

The third paper, Horner and Gouws [93], reported on an e-
tutoring support system implemented at a university in South Africa
to help introductory programming students in general [93]. The
e-tutors were paid employees, required to have a bachelor’s degree
and to have taken at least the introductory programming course.
Each e-tutor was assigned a specific group of students. They worked
remotely and did not meet the students in person or grade them.

The e-tutors’ primary task was to receive an assignment known
as a Midweek Challenge from the lecturer each week, deliver it
to the students, and help the students to solve it. Each Midweek
Challenge was designed to help prepare the students for that week’s
assignment, which would be an important part of their grade. In
addition to helping with the Midweek Challenges, the e-tutors also
helped students with administrative questions, such as loading and
configuring software and accessing various educational resources.
The tutors received support and respect from the lecturers and were
expected to help each other as well as the students.

The results included a reduced dropout rate. The lecturers and
tutors felt that the Midweek Challenges “make it easy for students
to begin with their programming exercises, and therefore not delay
and end up failing or dropping out” [93, p. 35]. In addition, they
concluded that the e-tutors’ team spirit was a factor in the program’s
success.

4.1.4  Will a flipped classroom help my students? Apiola et al. [20]
sought to understand how students work on their homework out-
side of class and the degree to which guided in-class problem-
solving helps. Data included the results of instructor observations,
a student survey, and a controlled experiment in which the class
was split in half, with half receiving guidance and half not. The
two groups were swapped half-way through the course, and stu-
dent results were measured by the results of frequent quizzes. The
results were contradictory: the students’ learning outcomes were
similar with and without guidance, but the qualitative results from
students, instructors, and researcher-observers all supported guided
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problem-solving. They suggested several possible reasons for this
discrepancy, one of which was the fact that they were teaching
by doing, and assessing by exams. The next step, they concluded,
might be to change the assessment strategy.

4.1.5 How should I assess my programming students? Particularly
for large classes, it would be helpful to automate the grading of
programs. One paper from South Africa investigated the feasibility
of automated program grading [111]. The researchers, Liebenberg
et al., tested an automatic assessment tool and concluded that the
tool could be useful for verifying functional correctness during lab
sessions, but not for situations where functional, conceptual, and
structural correctness all need to be evaluated. Moreover, the tool
worked better for the better students. Still, it might be helpful as a
first pass, to complete the initial phase of grading.

Another common issue is how to assess individual contributions
to a pair or group project. This issue is addressed by Hahn et al.
[89], also in a South African context. This paper investigated a
strategy in which peer, individual, and facilitator evaluations were
done at the end of each pair-programming session, using rubrics
provided by the instructors. There were four pair-programming
sessions, and pairs were re-assigned for each one. They concluded
that the peer evaluations became more reliable as time went on and
recommended the combination of all three types of evaluation.

4.1.6  What about upper-level courses? Papers about two contextu-
alised upper-level courses are discussed in Section 4.1.1 (a project
course [104]) and Section 4.2.3 (artificial intelligence [164]). A third
paper about upper-level courses, Marshall et al. [122], examines
the roles students take on within software teams. During a single
project, they were required to work in four different instructor-
assigned teams. Based on years of student data about their contri-
butions and their peers’, the paper concludes that student roles are
not fixed. Students who do not contribute in one context can make
strong contributions in another. This has intriguing implications
for anyone teaching team project courses.

4.1.7 Can/should | use ChatGPT or similar tools? The latest tech-
nology to attract attention has been ChatGPT, along with similar
artificial intelligence code generation and explanation tools. Intro-
ductory programming instructors from both Botswana and Rwanda
participated in an interview study of instructors’ attitudes towards
these new tools, along with instructors from all five of the other
inhabited continents [105]. The researchers captured a snapshot
of instructors’ opinions of these tools, after they had been around
for about a year and before the field had reached a “consensus on
best practices”. In the short run, they reported, most instructors
are taking measures to prevent their use for cheating. The Rwanda
instructor, for example, suggested administering exams on paper,
or alternatively oral exams.

In the long run, the instructors were divided between banning
use of ChatGPT and incorporating it into their teaching. The Botswana
instructor raised a concern about surface or fragile knowledge, sug-
gesting that students might use solutions from these tools in the
same way as they might copy from StackOverflow, without a deep
understanding of the code they’re using. Surface knowledge is a
long-term issue, echoing the concern about students memorising
code snippets in earlier papers in our dataset [23, 25].
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4.1.8 Can teaching programming be a way of peacemaking? One
paper is about, not programming, but a potential side effect of
programming. Set in a refugee camp in Kenya, Arawjo et al. in-
vestigates “[t]he potential of computing education as a site for
inter-cultural learning” [26, p. 52:2]. Computing attracts a diverse
group of people, and collaboration can lead to empathy. Surpris-
ingly, it was sometimes the software or hardware breakdowns that
led to shared laughter; when everything went smoothly, students
were less likely to collaborate. Still, instructors need to guide the
process carefully. The researchers give the example of a young
Muslim girl learning to shake hands despite parental prohibitions.
“Learning a foreign gesture for greeting is undoubtedly intercultural
learning, but some cultures may see specific forms of greeting as a
transgression against modesty” [26, p. 52:16].

4.2 Artificial Intelligence, Machine Learning,
and Robotics

Artificial intelligence (AI) and its components, including machine
learning (ML) and robotics, have been a major focus in African
computing education research from 2005 [62] to the present [96].
We found 28 papers that explored these topics at levels ranging
from K-12 through university level. Papers investigated how AL ML,
and robotics can be promoted through robotic competition, science
engagement for under-served communities, multi-national and
industrial collaboration, informal education techniques in science
centres, contextualisation/pedagogy and curriculum initiatives. We
discuss these themes in the remainder of this section.

4.2.1 Robotics competitions. Weinert and Dirk Pensky [191, 192]
introduced Robotino, an autonomous mobile mechatronic learning
and research system, as a standardised platform for education across
the fields of engineering and information technology. These papers
highlight how different robotics competition across Africa, such as
South Africa WorldSkills, South Africa Cyber Junkyard, and Kenya
National Robot Contest, have been useful in addressing the skills-
gap divide that is acutely prevalent between educational institutions
and industrial manufacturing companies. The papers present the
impact of these learning systems and competitions on the training
of industrially-relevant engineers, equipping students with tangible
skill and entrepreneurial passion to enter the workplace and drive
the economies of the future.

Davrajh & Stopforth [58] reported on a project that introduced
previously disadvantaged secondary school students to the field
of engineering through robotics using LEGO Mindstorms. The
authors developed a training session and designed a competition
to stimulate industrial applications. Feedback from a survey of
students and educators indicates that a pedagogical approach via the
LEGO platform, integrated with professional development criteria,
effectively engaged students whilst exposing them to professional
requirements.

4.2.2 Science engagement in under-served communities. Dirsuweit
et al. [64] explored whether girls encounter barriers to full par-
ticipation in robotics competition teams, through a community
engagement project that promotes science engagement in predomi-
nantly disadvantaged communities. Based on responses from the
participants involved, the paper suggests that their community
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needs to “build a substantive strategy around how their communi-
ties of practice can function as spaces that, not only attract girls
but actively promote gender equity”

Dias et al. [62] presents the challenges and benefits of three
higher education initiatives in Sri Lanka, Ghana, and the USA, ex-
amining the potential intersections of robotics and its component
technologies with education and sustainable development. The au-
thors identified some principles as important elements for success in
higher education in developing communities. These include partic-
ipatory research and design, empowerment rather than aid, shared
resources, local partnerships, global partnerships, sustainability
and evaluation metrics.

Dias et al. [61] also address the challenges and benefits of un-
dergraduate robotics education in technologically under-served
communities. The paper presented the successes, limitations, and
lessons learned in two case studies in Qatar and Ghana. In both
cases studies, the participants were reported to have learned about
the intricacies, frustrations, and joys of working with hardware and
software integration, and the importance of practical applications
and challenges.

Building on previous work [61], Dias et al. [60] present their
experiences in designing and teaching introductory robotics courses
in Qatar and Ghana. They discussed the motivation, challenges,
approach, impact, similarities and differences in teaching robotics
in these two settings. The case studies illustrate two possible models
for establishing such courses in technologically emerging regions.
The paper emphasised that international partnerships can help to
address the scarcity of the necessary experience to develop and
teach robotics courses in technologically emerging regions.

4.2.3  Multi-national and industrial collaboration. Shipepe et al.
[164] report their experiences of teaching artificial intelligence in
a Namibian university through collaboration with a Finnish uni-
versity and a few companies. Their approach includes creative
applications of artificial intelligence to meet the contextual require-
ments by Africanising an artificial intelligence course. The findings
from the study suggest that their effort in contextualising course
material sparks interest in inventing and facilitates interactions
and collaboration among universities and industry in and beyond
Africa.

Soudi [168] presented Egyptian case studies in teaching robotics
for school students from an early age. The paper discussed several
initiatives on robotics competition and program to support robotics
education. The author highlighted partnership among universities,
schools and industry to promote robotics education

4.24  Informal education in a science centre. Elsayed [72] explored
the effect of applying informal education techniques in science
centres in the fields of artificial intelligence and robotics. The author
highlighted the values of learning through science centres including
motivating and enriching environments for learning and free-choice
environment that strongly engages the attention of learners. The
paper emphasised the immediate and long-term impact of science
centres regardless of cultural and social variation between different
communities. Elsayed [72] further suggested that informal learning
space could be a model to complement the formal educational
systems in the developing regions of Africa.
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4.2.5 Contextualisation / pedagogy. Nannim et al. [136] investi-
gated the effect of a project-based Arduino programming course on
students’ computational thinking skills. Through quasi-experimental
research design, 73 undergraduate students in Nigeria took part in
the study. The paper found that students who were taught using
the robots outperformed those taught by the conventional lecture
method.

Using co-design pedagogy, Sanusi et al. [159] collaboratively
designed and prototyped machine learning applications with 43
eighth grade students (ages 11 to 14) in a Nigerian school to support
their learning about artificial intelligence. The study found that
the ideas generated by the students indicates that they began to
identify the applicability of machine learning to their daily lives
and as a solution to a plethora of societal challenges. The authors
posit that design-oriented pedagogy approaches could be valuable
for teaching ML in the middle school education in African settings.

Similarly, Sanusi et al. [161] engaged students with machine
learning through extracurricular activities in a Nigerian middle
school. Using a pre-post design with open-ended surveys and writ-
ten assessments, the study found an increase in students’ awareness
about machine learning, including ethical and societal implication.
Based on the relatable activities that were used to support students’
machine-learning comprehension, the findings highlight the impli-
cation of using materials students can identify with in pedagogical
design.

4.2.6 Curriculum. Pillay et al. [148] discusses how artificial intelli-
gence can be incorporated into engineering and computer science
education to prepare for the fourth industrial revolution in South
Africa. The paper highlights the online courses and short courses
with certifications for practitioners and for degrees in artificial in-
telligence or data science. Besides using intelligent tutoring systems
and teaching assistants, the paper examines mechanisms and a case
study for involving industry in engineering education at a South
African university.

4.3 Infrastructure

The papers in our dataset frequently discuss the need for better
computing-education infrastructure. Some schools lack computers,
or if they have them, do not have enough to accommodate all stu-
dents [68, 87, 112, 179]. The hardware and software may be outdated
and slow [68]. There may be no internet connection [57, 66, 67].
Most rural areas do not have internet connectivity, and when it is
available, it is often slow and expensive [68]. Even universities may
not have reliable internet: “The ... Senegalese professors often use
a computer to demonstrate concepts in the classroom, but do not
require a connection to the Internet to do so” [85, p. 6]. Schools’
limited funds is mostly allocated to more essential needs such as
water supply, electricity, nutrition, and healthcare for students [36].
Particularly in rural areas, electricity may be unreliable or unavail-
able [33, 68, 180].

Obtaining the necessary software [42], specialised software and
hardware for upper-level courses [135, 139], student textbooks [57],
and funding for graduate students [91] can also be challenging.

In addition, there are shortages of teachers at the primary/sec-
ondary [179] and university [57] levels. Availability of teaching
materials remains a challenge[179]. There is a need to improve
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teacher professional development and empower instructors to use
the available resources [179].

While availability and access to computers and the internet is
still a challenge in Africa, this varies greatly from region to region
and country to country. For example, many secondary schools in
Botswana have access to computers and the internet, although some
primary schools still struggle [179]. In Kenya, the government has
been distributing laptops to some primary schools to achieve their
“Vision 2030” [179].

Dasuki et al. [57] is a case study of the development of a com-
puting degree program in Nigeria with generally excellent infras-
tructure. The program was located at Baze University, a private
university in Nigeria that was, at the time of the article, only four
years old and provided air-conditioned classrooms with internet
connections and a specialised lab for teaching networking. Never-
theless, there were too few textbooks for the students, unreliable
internet in the student computer labs, inadequate access to research
journals for the faculty, and too few qualified faculty.

For computing-education programs that are facing infrastructure
challenges, the papers in our dataset also report on solutions, many
of which are applicable outside of Africa as well.

4.3.1 Computers. Several papers address the challenge of making
sufficient computers available for students. In one project, Namibian
secondary students learned to program in Python using Raspberry
PIs [112]. The paper argues that the traditional platform for intro-
ductory programming should be replaced by Raspberry PIs (one
for each student). Besides being affordable, the devices are much
more motivating for students [112, p. 2]:

[O]ne can now write code like
repeat_until_user_presses_button or even
repeat_until_temperature_exceeds_100C. The ben-
efits of this approach will quickly become apparent.
For example, the programming semantics of a for-loop
can now translate into the flashing of an LED or the
sounding of a buzzer and provide instantaneous and
tangible consequences.

South African computing-education students responded posi-
tively to another physical device, the Arduino [87]. One, comparing
the Arduino to their previous experience with Scratch, echoed the
argument made about the Raspberry PI: “‘Scratch together with
Arduino is much more interesting, better than using the original
Scratch because you see stuff happening” [87, p. 97].

Earlier, researchers in Tanzania reviewed several hardware plat-
forms for teaching introductory programming, identified criteria,
and recommended the Simputer, a basic hand-held environment
designed to be affordable and usable in developing countries. They
tested the Simputer at a secondary school in rural Tanzania. One
student noted that the Simputer “is not difficult and complex as I
thought before” [68, p. 3]. While technology has changed substan-
tially since 2004, when this paper was published, the criteria and
the analysis are still relevant.

It can be even more challenging to obtain the needed hardware
and software for upper-level computing courses. For example, Da-
suki et al. [57] discusses how to obtain funding for a computer
networking lab in Nigeria, and Mwasaga and Joy [135] describe
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the design and testing of a hardware device for teaching high-
performance computing in Tanzania [135]. As with the Simputer,
the process is as interesting as the final result. The questions for the
participants were very pragmatic: What do you want the device to
do (functional requirements), and what other changes would you
like (non-functional requirements)? The overall result was that the
changes were feasible, and it would thus be possible to design a
device that would be both usable and affordable.

4.3.2 Software. .In general, software solutions focused on free and
open-source software. While experienced staff may be needed to
maintain open-source software, its advantages in terms of quality
and affordability are compelling [36]. For programming courses,
Brown and Connan [42] describes a Linux environment distributed
on a memory stick to university students in South Africa. Maven-
gere and Ruohonen [124] evaluates the use of Moodle in a database
course in Mozambique. The failure rate went down, and students
highlighted the availability of materials that can be downloaded,
ease of discussing and addressing challenges from different perspec-
tives, and effective communication between students and teachers
as some of the advantages.

Thinyane et al. [174] reports on the successful use of Skype
and GoogleDocs as a “light-weight virtual classroom system” for
two upper-level honours classes that Rhodes University in South
Africa was offering to remote students at the University of Namibia.
Compared to the commercial software they had previously tried,
the user interface was uncluttered and easy to learn and use. The
remote students appreciated the easy access to teaching materials
and lecture slides on GoogleDocs, and when low bandwidth led to
network issues, the ability to switch easily from video to audio or
from audio to chat messages was a key feature.

Opyelere et al. [146] reports on the design, development, and
testing of an Android-based mobile learning system, MobileEdu.
MobileEdu was motivated by overcrowded undergraduate computer
science classes, the affordability and ubiquity of mobile phones, and
the opportunity to reach a larger number of students without the
constraints of the physical classroom. Features included enhanced
class management, student participation, effective communication,
quizzes, support for groupwork, interaction with course materials,
and notifications. MobileEdu was implemented and tested in a third-
year Software Analysis and Design course in a Nigerian university.
The difference between pre- and post-test scores was significantly
better for the students using MobileEdu than the control group,
with a medium effect size, and student attitudes, based on both
quantitative survey data and interviews, were also considerably
better.

4.3.3 Teachers. Work is being done to increase the supply of teach-
ers at the secondary, undergraduate, masters’ and doctoral levels.
In Nigeria, Scratch has been found to be helpful in teaching pro-
gramming to pre-service teachers. Participants indicated that their
foundation of programming concepts was “well grounded”, and
one participant mentioned, “Being taught something repeatedly,
you will get more understanding about the topic” [175, p. 273].
The researchers believe that increased exercises, particularly those
focusing on challenging concepts such as the use of variables, algo-
rithms, and control structures, will deepen their understanding of
these topics further.
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In South Africa, pre-service teachers who had already expe-
rienced programming in Scratch were given the opportunity to
program an Arduino [86]. As noted above, they found the feed-
back from a physical device made programming more interesting.
In the background of this study, however, was a Department of
Education proposal that a coding and robotics course be offered
in primary school, which, if the proposal was successful, might
be taught by the study’s participants. The authors cautioned that,
given the poor record of South African students in reading, science,
technology, and engineering, such a course would need to be “a
simple experience that induces motivation and engagement” [87, p.
99].

Apiola et al. [21], as noted above, reports on a new PhD program
designed for students from African countries who want to focus
on computing education research. One of its stated goals was to
increase the capacity for computing education research in (and
about) sub-Saharan Africa; it also had the potential to increase
the number of university faculty. Harsh et al. [91] describes the
development of computing research in Kenya and Uganda. The
paper provides insights into the process of obtaining funding, the
possible sources and the strings that are tied to them, with particular
focus on the interplay of individual actors, government policy, and
industry.

Finally, Daramola [56] is an auto-ethnographic study of the au-
thor’s experience advising PhD students at universities in both
Nigeria and South Africa. Some of his observations are particularly
relevant to programs with budget constraints, such as those in de-
veloping countries. For example, he discusses helping his students
to cope with the challenge of obtaining the papers and journal
articles they need [56, p. 11]:

A common problem for students particularly in de-
veloping countries is the inability to access papers
that require a paid subscription. ... [W]hen students
encounter papers that are relevant to their work but
could not be accessed due to paywall restrictions, they
are instructed on additional steps that could be taken
to get the papers. These include reaching out to the
author directly on ResearchGate or via their univer-
sity email address, and also checking if free copies of
such papers exist in open-access databases such as
ArXiv, Base, CORE, Semantic Scholar etc.

Many of its perceptive observations are also relevant to computing
graduate students and advisors generally.

5 Literature Review: Discussion

As noted above in Section 3.4, there were over 80 distinct venues
represented in our dataset, and the large majority of these published
only one or two of the papers in our dataset. Only 40 of the initial
462 papers retrieved were from the ACM DL, and only 31 of the 140
papers in our final dataset were published in what might be called
“core” computing education venues. This suggests that our previous
impression that African countries were under-represented in the
computing education literature may be wrong: perhaps we were
just looking in the wrong place. The good news is that a substantial
and interesting literature can be found.
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Our review suggests that international collaboration influences
computing education research in Africa (as shown in Table 2). In
particular, Finland is the pre-eminent non-African country report-
ing on African data and/or co-authoring with authors affiliated with
African institutions. These co-authorships extend from 2003 [67]
to the present [153]. The University of Eastern Finland has taken
the lead in this effort. They co-established a program designed to
train African PhD students and candidates in computing educa-
tion research [21] and they have research hubs in Tanzania and
Uganda [182].

There are surprisingly few papers about teaching specific com-
puting concepts in our dataset, compared to the broader literature.
One example is Jegede et al. [97], which provides a detailed analy-
sis of the types of syntax errors made by students learning Java in
Nigeria. Another paper, also from a university in Nigeria, describes
a virtual reality game that might help students better understand
object-oriented concepts such as method overloading [170]. We
did find papers about student perceptions of computing [114, 143],
computer security [33], and artificial intelligence [96, 153]. But a
close examination of how students understand particular comput-
ing concepts might be an interesting direction for future work.

Our review of the literature found a substantial body of work
about developing computing education materials for specific com-
munities in Africa and their respective cultures. These efforts have
been in both programming education and in upper-level comput-
ing subjects (for example, [136, 164]). In the following sections
we extend this work, presenting a set of contextualised materials
designed for six different African countries.

6 Contextual Materials: Overview

Students are more likely to engage with and retain information that
is presented in a context familiar to them. Contextualising education
is particularly important for addressing the academic challenges
faced by historically marginalized groups, such as African Amer-
ican, Native American, and Latino students [103, 189]. Research
demonstrates that teaching approaches that disregard students’
cultural contexts risk perpetuating inequities by alienating learners
whose lived experiences differ from those assumed by traditional
pedagogy [103].

Traditional introductory computing courses often fail to engage
a diverse student population, particularly in regions where cultural
contexts are not reflected in the curriculum. In Africa, this issue is
pronounced, with university-level courses often using generic mate-
rials [34] that do not resonate with students’ cultural backgrounds.
This disconnect may hinder student engagement and retention
in computer science programs [103]. Addressing this disconnect,
contextualised approaches have shown significant benefits. For ex-
ample, using Akan symbols in Ghana increased understanding and
interest in programming [17], while creating HIV/AIDS educational
websites in Tanzania fostered motivation through a relevant and
significant project [66, 67].

Faculty can make computing concepts more relatable and un-
derstandable by integrating culturally relevant content into the
curriculum. This report presents contextualised materials for intro-
ductory programming courses at the university level (often referred
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to as “CS1”) intended to benefit lecturers who wish to adopt cultur-
ally relevant content.

o The objective of our work is to develop contextualised mate-
rials for faculty teaching introductory computing in African
universities and evaluate the potential usefulness of these
materials.

Section 7 discusses related work on contextualised materials
outside and within Africa. In this section, we also present Bank’s
multi-level approach to integrating cultural content into educa-
tion, beginning with the Contributions approach, which focuses
on highlighting important national figures and events, followed
by the second approach, Additive, which involves adding cultural
content, themes and perspectives to the existing curriculum. The
third approach, Transformation is more involved and centres the
cultural groups’ as opposed to just appending to existing curric-
ula and the final level, the Social Action approach, ensures that
students become engaged in the process and are empowered to
address societal issues [35].

Section 8 describes our project’s methods for developing con-
textualised materials based on applying Bank’s Additive Approach
and conducting a pilot evaluation with faculty from various African
universities. Section 9 provides practical examples of our materials,
illustrating how faculty can contextualise materials for teaching
and learning computing in African countries. The results of our pi-
lot evaluation are given in Section 11, a brief coverage of the threats
and limitations of the study in Section 12, and a discussion of the
contextual materials in Section 13. This report’s overall conclusions
and suggestions for future work are found in Section 14.

7 Contextual Materials: Related Work

In this section, we situate the contextual materials we have devel-
oped within the context of previous work. We begin by discussing
computing education contextualisation papers from outside Africa,
followed by a review of contextualisation in Africa, drawing from
our exploratory literature review (Sections 2 through 5). Next, we
address the pedagogy behind contextualised materials, and finally,
we present the theoretical foundation guiding our project to develop
these materials.

7.1 Outside of Africa

As we strive to make computing accessible to diverse groups, it
is crucial to adopt approaches that would enhance their ability to
learn the concepts. Contextualising computing education, therefore,
is a global challenge. This section will briefly highlight approaches
to contextualisation outside of Africa, including family-focused in-
terventions, teacher-centered bilingual instruction, contextualised
materials, and curriculum modifications.

7.1.1  Family-Focused Interventions. Studies such as Doyle et al.
[65], have created culturally inclusive environments for under-
represented groups, especially Spanish-speaking students, through
family-oriented interventions. By conducting non-formal education
workshops in familiar community settings and providing bilingual
materials, these interventions have successfully engaged families,
built confidence, and fostered supportive environments for STEM
education and careers.
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7.1.2  Teacher-Centered Bilingual Instruction. Research has high-
lighted the impact of bilingual instruction in computer science
education. Villegas et al. [187] investigated the use of bilingual
instruction (Spanish and English) in high school programming
courses, finding no significant difference in academic performance
between bilingual and English-only groups. However, students in
the bilingual group showed increased inquiry and higher-order
thinking skills. Similar studies involving students from India, such
as Pal and Iyer [147] and Soosai Raj et al. Soosai Raj et al. [167],
reported mixed results on learning outcomes but noted improved
engagement and classroom interaction in bilingual settings. These
findings suggest that while bilingual instruction may not uniformly
improve academic performance, it enhances student engagement
and participation in learning activities.

7.1.3  Curriculum Modifications. Other studies have explored cur-
riculum modifications to enhance inclusivity and cultural relevance
in computer science education. Franklin et al. [79] developed a cul-
turally relevant summer program integrating animal conservation
and Mayan culture, effectively attracting underrepresented minori-
ties to computer science. Tran et al. [176] conducted co-design
sessions with K-12 teachers to harmonise Scratch Encore lessons,
incorporating students’ personal experiences and cultural themes.
In New Zealand, Karetai et al. [100] introduced distinct curricula
(Digital Technologies and Hangarau Matahiko) to decolonize com-
puter science education, integrating Maori language, customs, and
computational thinking to foster cultural inclusivity.

7.1.4  Contextualised Materials. Research integrating cultural nar-
ratives into computer science education has shown significant bene-
fits. Lusa et al. [117] utilised hip-hop music and the Sonic Pi platform
in a three-week online camp to engage Black and Latino middle
school students, resulting in improved computing enjoyment, con-
fidence, sense of belonging, and persistence. Chipps et al. [49] em-
ployed Skokomish storytelling to teach event-driven programming
to rural American Indian middle school students, demonstrating
positive outcomes in student engagement and interest in computer
science. The ANCESTOR program in British Columbia [39] also
integrated digital storytelling to introduce Aboriginal youth to
computer science careers, emphasising indigenous knowledge and
holistic learning practices to enhance inclusivity and relevance in
educational settings. In the realm of educational tools, researchers
are integrating culturally relevant content in educational tools to
enrich learning experiences and outcomes. In the USA, Eglash et al.
[70] explored fractal simulations of African designs with 10th-grade
students, using culturally specific examples like scaling patterns in
cornrow hairstyles. Their study in a high school computing class
showed that integrating these tools significantly boosted both aca-
demic performance and attitudes towards computing, highlighting
the potential of culturally relevant content to enhance engagement
and learning in diverse educational settings.

7.2 In African Countries

In this section, we extend the discussion of contextualisation be-
yond the selected papers discussed in Section 4.1.1 to provide a
background for the materials we have developed. Contextualisation
of computing education — developing and using teaching materials
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and approaches that are culturally relevant to the students being
taught — has been an important theme in the African computing
education literature from at least 2003 [67] to the present [90]. Our
review of the literature reveals that studies have been conducted
in a variety of contexts: secondary schools, universities, gradu-
ate programs, and informal learning settings, in Ghana [17, 18],
Kenya [90], Namibia [76, 164], Nigeria [28], Sudan [55], and Tan-
zania [22, 24, 66—68, 104, 135, 186]. Much of the work involves
adapting western materials to a local context, but one interesting
paper describes the adaptation of a masters’ program from one
African country for use in another [55].

Research on contextualisation, along with various frameworks,
contributes to a broader effort to adapt computing education to the
diverse cultural and educational needs of underserved communities,
such as African students in the field of computer science. Banks’
Additive Approach focuses on incorporating cultural content into
existing curricula, and Anohah and Suhonen’s work [17, 18] ex-
tends this by incorporating indigenous knowledge into computing
concepts, and Awaah’s Culturo-Techno-Approach [28] emphasises
student-generated examples from their own cultural contexts. This
framing allows for a better understanding of how contextualised
teaching materials and pedagogy can evolve to meet the specific
needs of African learners. In the following subsections, we explore
how contextualised teaching materials, pedagogy, and curriculum
have been adapted across various contexts in Africa.

7.2.1 Contextualised materials. The most closely related papers to
the project presented here are those that describe contextualised
teaching materials (the Level 2 Additive Approach, according to
Banks [35]). The Additive Approach involves teachers appending
cultural content, themes and perspectives to the existing curriculum.
For example, assignments have incorporated culturally and socially
relevant topics, such as HIV/AIDS education in Tanzania [66, 67]
and slavery [104]. Additionally, the use of local languages along-
side English has been implemented to enhance understanding and
engagement for both the students themselves and potential users
of the software they develop [67, 68, 104].

Cultural artefacts, including symbols, fabrics, and traditional
games, have been employed to explain computing concepts effec-
tively. Anohah and Suhonen [17, 18] present a general framework
for this type of contextualisation and then describe a concrete inves-
tigation into the use of symbols, fabrics, and traditional games from
Akan culture to illustrate computing concepts such as loops and
recursion. In this study, they surveyed 41 computing educators who
were knowledgeable about Akan symbols and then did follow-up
interviews with 22 of the participants.

The quotations express the views of African computing educa-
tors on the subject of contextualisation, offering valuable insights
into the unique cultural and educational needs of the region [17, p.
57]:

I know Africa has rich cultural heritage to contextu-
alise computing education. What we need is revised
national teaching strategies to include local ideas in
computing lessons or lectures. The cultural products
are already known to our learners and remain strong
previous knowledge for computing education....
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After investigating the educators’ perspective, Anohah and Suho-
nen implemented this approach in a secondary school in Ghana [18].

7.2.2  Contextualised pedagogy. Contextualisation can extend be-
yond teaching materials to the way we teach. Apiola and Tedre
[22] argued for the contextualisation of pedagogical techniques in
introductory programming. Changes included reducing the amount
of lecture time, incorporating live coding into the lectures, and con-
verting the remaining class time to an “open learning environment”,
in which students spend much of their class time completing a se-
ries of programming exercises with feedback and guidance from
the instructors.

The transformation of an upper-level artificial intelligence course
at a Namibian university illustrates changes to both teaching mate-
rials and pedagogy [164]. The authors, Shipepe et al., describe how
the module’s contents were redesigned [164, p. 1]:

The topics were explicitly related to various oppor-
tunities opened by the Fourth Industrial Revolution
(like smart countryside, or self-driving cars for dis-
abled students). Students were learning by applying
existing Al tools to design solutions for real-life prob-
lems on the ground, with users (like IoT-controlled
gardening or enhancing education by robotics). In-
digenous knowledge systems and representation by
the multitude of languages and cultures were related
to Al-based knowledge representation.

The revised pedagogy included active learning (as suggested
by [22]) and more [164, p. 1]:

Pedagogical principles for the transformation included
flipped classroom for increasing student engagement
and responsibility, diversifying assessment methods,
rethinking the course prerequisites, differentiation
of students’ individual learning goals, and enlarging
the learning community by inviting stakeholders and
experts from outside the university.

In addition, the paper suggests that to make teamwork effective,
“Teamwork within the Al course requires continuous and trans-
parent elaboration of every team member’s contribution to the
project” [164, p. 8]. They concluded that “Africanizing an Al course
can spark the interest to invent Al-based solutions to key African
challenges” [164, p. 7], and argued that “The results indicate that
Africanization gives a novel impetus to reform Computing educa-
tion. This applies, first, in Africa, but secondly and equally impor-
tantly, beyond Africa” [164, p. 8].

In a paper about software engineering, Fendler and Winschiers-
Theophilus [76] argue that we need to change, not just the examples,
the hardware, or the pedagogy, but what we teach: the software
engineering process itself needs to be contextualised. Like Shipepe
et al. [164], they argued that effective student teamwork is different
in a Namibian context. In addition, prototypes or questionnaires
are ineffective strategies for eliciting software requirements when
respondents tend to give what they believe to be the expected an-
swer, a “behaviour ... deeply rooted in a culture of conflict avoidance
oriented towards listener satisfaction” [76, p. 602]. These are factors
that would affect software development on the job, as well as in an
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educational setting. The authors propose a framework for develop-
ing a contextualised software engineering process, and illustrate
how that framework might be applied to the Namibian context.

Some papers cross the border into what Banks [35] might call
the Transformation Approach to contextualisation, by obtaining
input from students about their culture. As noted above in Section 4,
Vesisenaho et al. [186] reported on an introductory programming
class in which students were taught to think about ways in which
programming could be applied in their local context, and Awaah
et al. [28]’s Culturo-Techno-Approach to teaching introductory pro-
gramming, as well as incorporating contextually relevant materials
into lectures, asked students for their own examples.

7.2.3  Contextualised curriculum. Contextualisation is not limited
to individual assignments or modules (courses). Several of the pa-
pers we looked at reported changes to an entire degree program,
either undergraduate or graduate. Dasuki et al. [57] illustrates a
minimal approach to contextualisation. This paper is a case study
of the challenges involved in implementing a British computing
degree program at Baze University, a private university in Nigeria
that was, at the time of the article, only four years old. An im-
portant part of the context is the Nigerian combination of public
and private universities, with public universities receiving most of
the public education funding and private universities chartered by
the government, but largely funded by their founders. The private
universities argue that since they’re performing a public service —
education - they should receive some of the public funding, but
this is controversial. In addition, the competition for funding is
surely intensified by the extremely rapid growth in the number of
universities — 12 new federal universities, 3 new state universities,
and 9 new private universities — in the previous four years. The one
instance of adapting the curriculum to the Nigerian context is the
addition of a three-month “industrial training”, which is required
by the Nigerian government for all science students. This change
seems to be regarded with regret, however, as it prevents the stu-
dents from completing their degree in three years, as is standard in
the United Kingdom.

By contrast, the computing curriculum of Tumaini University in
Tanzania had contextualisation as one of its primary goals. Contex-
tualisation works on three levels: curriculum, topic, and pedagogy.
Students were encouraged to identify societal expectations and
potential local applications of software starting early in their pro-
gram. Other core design principles included an emphasis on project
work and a continuous cycle of research to develop and improve
the program.?

At the masters’ degree level, Cronjé reported on the adaptation
of a program developed at the University of Pretoria in South Africa
for use at the Sudan University of Science and Technology in Khar-
toum, Sudan [55]. While the program is focused on training com-
puting teachers, rather than computing, the paper is valuable for
its rich, concrete description of specific contextual differences, and
particularly because it illustrates differences between two African
countries. Differences ranged from small ones, like the timing of the
lunch break, to larger ones, like the national holidays that affected

2This is similar to the Scholarship of Teaching and Learning. For a good brief descrip-
tion of the Scholarship of Teaching and Learning in a computing education context,
see Tenenberg and McCartney [173].
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the timing of classes and assignments, to the society’s fundamental
educational goals. The author gives a memorable description of the
profound differences in those fundamental goals [55, p. 284]:

In my country, I said, the purpose of education is ...
[t]o help people get jobs and make money. I added
that it was probably the aim of all education. A repre-
sentative from the Ministry of education interrupted
me. “In this country;” he said, “The purpose of educa-
tion is to teach people to live together in peace and
harmony” This was greeted with much enthusiasm
from the audience. I had forgotten that in their war-
torn country, they had more important things than
money on their minds.

At the Ph.D. level Apiola et al. [21] report on a computer science
program designed to build research capacity in sub-Saharan Africa.
The program, a joint project of the University of Eastern Finland
and the College of Business Education in Dar es Salaam, Tanzania,
built on an established program in which students could obtain a
Ph.D. from the university at distance, visiting Finland on several
occasions during their studies, but not relocating there. By the time
the partnership with Tanzania began, 14 Ph.D. students had already
graduated from the program, including at least one based in Africa.

Thus, the first contextualisation was physical: students were able
to study while still living and working in Africa. Several faculty
members from the College of Business Education were selected
to participate in the program. Second, the program was designed
to fit the engineering tradition in computer science, as opposed
to more theoretical work in, for example, algorithms, as engineer-
ing had more connection with the practical development goals of
many countries in sub-Saharan Africa. Third, the students’ research
projects were contextualised. Some projects focused on information
technology solutions for local businesses; one interesting example
was the street vendors. Education-oriented projects focused on
new ways of teaching introductory programming, investigating
ways to teach high-performance computing at university level, and
the use of educational technology to improve education in local
schools [21].

As demonstrated by previous work on contextualisation, it is
not merely about modifying content; it also involves reshaping
pedagogical practices to better align with local learning styles and
experiences. This lays the foundation for a deeper exploration of
the additional perspectives that support the development of con-
textualised materials, which we address in the following section. in
the following section.

7.3 Perspectives on Contextualising Materials

Contextualising materials should not be done in an ad-hoc approach
but should instead consider the learning outcomes, students’ exist-
ing knowledge, cultural context, instructors’ positionality, resources
and other considerations. We believe frameworks and pedagogy
are needed to ensure contextualised materials are developed with
the students at the centre to benefit their learning. In some cases,
research in contextualised computing education is motivated by a
concrete need to find the most effective way to teach the particular
students in a particular place (See, e.g., [55, 67, 90, 104]). In others,
it is motivated by a philosophical commitment to Africanising, or
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de-colonialising, a technology with its roots in the West [183]. In
this section, we present frameworks, pedagogy and guidelines that
have been used to inform the contextualisation process; following
this, we conclude with the framework we adopted for our work.

7.3.1 Ethnocomputing. Ethnocomputing is the study of the inter-
action between culture and computing. From a pedagogy lens, it is
a broad umbrella for discussing how computing impacts teaching
within cultural contexts. Within the African context, there are a
number of papers that have used ethnocomputing as a justification
for contextualisation computing materials. Duveskog discusses this
in [66, p. 2]:

Technical concepts of Computer Science ... have been
developed within a culture, and are learned in a com-
munity. Thus, they are specific to [the] Western sci-
entific community ,,, Instead of taking our categorisa-
tions and ideas to the developing countries, we would
like to see CSE originating from the cultures, using
the cultures’ concepts, artefacts, and knowledge to
contextualise the science.

This understanding led to the conclusion that more needed to be
changed than just one course [66, p. 6]:

We cannot just translate a Western curriculum, for in-
stance, to Tanzania. Some courses should be replaced
by new ones. The whole curriculum has to be de-
signed from the Tanzanian point of view. This does
not imply a lower quality, but probably quite a differ-
ent perspective.

Van der Poll et al. discuss previous work in ethnocomputing
and lay out an underlying philosophy of decolonising computing
education [183]. The paper offers no simple answers, but provides
an extensive discussion of related work and critiques of others’
work and its underlying assumptions.

7.3.2  Culturo-Techno-Contextual Approach. Awaah et al. describe
a quasi-experimental evaluation of the Culturo-Techno-Contextual
Approach. Two separate classes were each given one Python session,
one taught by lecture and one using the Culturo-Techno-Contextual
Approach. In practice, this meant using culturally relevant exam-
ples and encouraging the students to come up with others. The
“Culturo-Techno-Contextual Approach” is defined as “a teaching
method based on culture, technology, and the context or the en-
vironment in which teaching and learning occur ... anchored on
Kwame Nkrumah'’s ethnophilosophy for culture, Martin Heideg-
ger’s techno-philosophy for technology, and Michael Williams’ con-
textualism for the contextual element” [28, p. 2]. Ethno-philosophy,
in turn, is “rooted in the idea of the uniqueness and specific cul-
ture of the African people as pioneered by Kwame Nkrumah, who
opined that African culture is unique from European ways of life
but in no sense inferior to it” Techno-philosophy is “deeply rooted
in the “Heideggerian” definition of technology as “a technique of
disclosing the universe, a revelation in which people seize authority
over reality” and Contextualism “claims that our acts, utterances,
expressions, and learning can only be understood in the context in
which they occur” [28, p. 2].
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7.3.3  Culturally Responsive Pedagogy. Culturally Responsive Ped-
agogy refers to a student-centered approach to teaching which
recognises the importance of the students’ cultural backgrounds
and experiences in all aspects of learning [82]. It involves incor-
porating references to students’ culture in learning and bringing
it to the fore of discussion. It aims to promote engagement and
achievement by creating inclusive and equitable learning envi-
ronments where students can feel valued for who they are and
connected to their cultural identities. Waite et al. [189] proposed
ten reflective prompts for K-12 computing educators in England to
enhance cultural responsiveness in their teaching. These prompts
cover understanding learners, reflecting on cultural perspectives,
incorporating relevant content, using familiar contexts, ensuring
accessibility, offering open-ended activities, fostering collaboration,
promoting student choice, reviewing materials and environment,
and examining school policies. The study suggests these reflective
prompts could benefit educators globally, encouraging further re-
search and discussion on cultural integration in computer science
education.

7.3.4  Culturally Relevant Pedagogy. The term “culturally relevant
pedagogy” is defined as “a commitment to recognising the impor-
tance of learners’ cultural backgrounds and encouraging teachers
to create relevant learning experiences.” [90, p. 29]. It was coined
in the mid-1990s by Dr. Gloria Ladson-Billings as an approach to
teaching that emphasises students’ cultural context [103]. It seeks to
use the student’s background and lived experiences as a foundation
to enhance their learning. It focuses on academic success, cultural
competence, and sociopolitical consciousness. It differs from cultur-
ally responsive pedagogy in that cultural responsiveness focuses
on dialectic engagement with students and constantly responding
to their needs and culture. Hall et al. [90] describe how a cultur-
ally relevant approach was used in an introductory programming
course taught to 16-to-25 year-olds in a refugee camp in Kenya.

This overview from existing research in Africa and globally
underscores the critical importance of culturally responsive ap-
proaches in computer science education to enhance engagement,
learning outcomes, and inclusivity, particularly for under-represented
groups. Our research extends this foundation by concentrating on
developing culturally contextualised materials for CS1 courses at
the university level in Africa through a systematic approach.

In order to better ground our work in the context of African
computing education, we will now turn to Banks’ Approach to
Multicultural Education Reform. As highlighted in the previous sec-
tions, a variety of frameworks, including culturally responsive and
relevant pedagogies, offer useful strategies for integrating cultural
context into computing education. However, Banks’ comprehen-
sive framework provides an explicit and structured way of under-
standing how multicultural approaches can be systematised into
education reform. This is particularly useful as we move toward
our own contextualisation framework, which is grounded in the
African context. The next section presents the Banks’ approach.
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7.4 Banks’ Approaches to Multicultural
Education Reform

Banks advocates for multicultural education, but also highlights
that it is a complex and multi-dimensional process [35]. One par-
ticular challenge highlighted is that, “many school and university
practitioners have a limited conception of multicultural education,
viewing it primarily as curriculum reform that involves only chang-
ing or restructuring the curriculum to include content about ethnic
groups, women, and other cultural groups”. Banks posits that this
does not constitute multicultural education, arguing that the field
is not understood and requires more formal conceptualisation.

Banks conceptualises multicultural education as a field with five
dimensions:

o Content Integration: Focusing on integrating diverse per-
spectives, cultures, and histories into the curriculum.

e Knowledge Construction: Examining how knowledge is
produced, validated, and transmitted within different cul-
tural contexts.

¢ Prejudice Reduction: Addressing biases, stereotypes, and
discriminatory attitudes.

e Equity Pedagogy: Implementing teaching methods that
promote fairness and equal opportunities for all students.

o Empowering School Culture: Creating an environment
that empowers students and challenges existing power dy-
namics

Banks describes four levels of approach to integrating cultural
content into education:

Level 1: The Contributions Approach focuses on heroes, holidays and

other cultural elements.

The Additive Approach involves teachers appending cultural
content, themes and perspectives to the existing curriculum.
The Transformation Approach is when the curriculum is
changed to incorporate concepts, issues, events and themes
from the perspective of cultural groups, rather than simply
appending additional content.

The Social Action Approach is when the transformation ap-
proach is extended to give students agency to decide which
social issues are important and equips them to take action
to help solve them.

Building on Banks’ framework, we can now examine how these
levels can be applied within the context of developing contextu-
alised materials for computing education in Africa. The Additive
Approach, which we identified as most applicable for our work, pro-
vides a structured pathway for integrating cultural content into the
curriculum. The Additive Approach will allow for the integration
of cultural content into the existing curriculum without fundamen-
tally altering it. The next section will detail the methods used to
design and implement these materials within the framework of the
Design Science Research (DSR) approach, outlining our process
from problem explication to evaluation.

8 Contextual Materials: Methods

This study employed a design science research (DSR) approach. The
DSR framework supports researchers in producing both relevant
and rigorous research. According to Johannesson and Perjons [98],
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DSR involves five different phases, which include problem explica-
tion, requirements definition, design and development, demonstra-
tion, and evaluation.

In the problem explication phase, we built on the results of the
exploratory literature review described earlier, particularly focusing
on region-specific approaches to contextualisation (Section 7.2).
Then (Section 7.1), we extended the scope by highlighting global
examples of contextualisation, drawing on various theories and
frameworks from outside Africa, thereby broadening the research
base for developing contextualised materials. The findings from
these reviews provided a solid foundation and strengthened the
motivation for our research.

For the requirement definition phase, we investigated the lit-
erature, including anecdotal evidence and the authors’ personal
reflections, to examine the requirements for developing contex-
tualised materials for learning programming. We reviewed the
CS2023 report, drawing from both literature and personal teaching
experiences to identify the most relevant knowledge units for con-
textualisation in CS1 (Section 8.1). Additionally we incorporated
both literature and personal reflections to identify cultural themes
(Section 8.2). Lastly, we joined the cultural themes and the topics
from CS1 using Banks’s Additive Approach (Section 8.3). Using
this approach, we merged these cultural themes with the identified
CS1 topics, enhancing the curriculum by adding culturally relevant
content without altering its foundational structure.

The factors identified in the requirement-gathering stage pro-
vided ideas for the design and development of the contextualised
learning materials for CS1. We designed the contextualised mate-
rials, each inspired by African cultural elements and aligned with
key learning outcomes and software development fundamentals
(Section 8.4). The next step was to implement and pilot them, which
is the rationale for the demonstration and evaluation phase. We
performed an initial evaluation by sharing the materials with a few
faculty members in computing programs to understand their per-
spectives on the relevance of the materials for their own teaching
and their students’ learning (Section 8.5).

8.1 CS1 Topics and Learning Outcomes

In this work, we use Computer Science Curricula 2023 - The Final
Report (CS2023) [47], the latest version of computer science curric-
ular guidelines produced by a joint task force of the ACM, IEEE
Computer Society and AAAI as a basis to define common content
in the foundational course in the Computer Science undergraduate
curriculum, commonly described as “CS1”. We chose this curricular
framework due to its comprehensive and adaptable structure and
the fact that it is the de-facto standard for Computer Science cur-
ricula. We then utilise Bank’s Additive Approach to multicultural
education reform [35], in which teachers append cultural content,
themes, and perspectives to existing curriculum.

The CS2023 final report identifies the knowledge model of a
Computer Science curriculum as consisting of 17 Knowledge Areas
(KAs), each of which is made up of a collection of Knowledge Units
(KUs). Each knowledge unit is a set of topics (some core, some
elective) and learning outcomes for these topics. Although the
report does not prescribe a specific packaging of these knowledge
areas and units into courses in the curriculum, it does state that the



Computing Education in African Countries: A Literature Review and Contextualised Learning Materials

Software Development Fundamentals (SDF) KA “will generally be
covered in introductory courses, often called CS1 and CS2”. In our
work, we chose to focus on the first six of the twelve knowledge
units in the Software Development Fundamentals knowledge area,
listed below:

e SDF-KUI1: Basic concepts such as variables, primitive data
types, expressions and their evaluation.

e SDF-KU2: How imperative programs work: state and state
transitions on execution of statements, flow of control.

e SDF-KU3: Basic constructs such as assignment statements,
conditional and iterative statements, basic I/O.

e SDF-KU4: Key modularity constructs such as functions (and
methods and classes, if supported in the language) and re-
lated concepts like parameter passing, scope, abstraction,
data encapsulation.

e SDF-KUS5: Input and output using files and APIs.

e SDF-KUé: Structured data types available in the chosen pro-
gramming language like sequences (e.g., arrays, lists), asso-
ciative containers (e.g., dictionaries, maps), others (e.g., sets,
tuples) and when and how to use them.

The CS2023 report identifies 14 illustrative learning outcomes for
the knowledge units in the SDF knowledge area. Nine of these learn-
ing outcomes, which are listed below, correspond to the knowledge
units we focus on in this work.

e SDF-LO1: Develop programs that use the fundamental pro-
gramming constructs: assignment and expressions, basic I/O,
conditional and iterative statements.

e SDF-LO2: Develop programs using functions with parameter
passing.

e SDF-LO3: Develop programs that effectively use the differ-
ent structured data types provided in the language like ar-
rays/lists, dictionaries, and sets.

o SDF-LO4: Develop programs that use file I/O to provide data
persistence across multiple executions.

e SDF-LO7: Develop programs that create simple classes and
instantiate objects of those classes (if supported by the lan-
guage).

e SDF-LO11: Read a given program and explain what it does.

e SDF-LO12: Write comments for a program or a module spec-
ifying what it does.

e SDF-LO13: Trace the flow of control during the execution of
a program.

e SDF-LO14: Use appropriate terminology to identify elements
of a program (e.g., identifier, operator, operand)

8.2 Cultural Theme Identification

A key step in the process of developing contextually relevant com-
puting education materials is identifying elements of culture and
context that can be reflected in the materials. While programming
activities often require addressing multiple concepts, as noted in
[118], our approach goes beyond this by embedding these concepts
within scenarios that reflect African cultural contexts.

To ensure cultural relevance, we define culture broadly, encom-
passing not only traditional African cultural practices and norms
but also modern and popular culture and ways of life. Drawing from
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personal experience of life in Africa as well as reference books re-
garding African culture [7, 27, 59, 74, 151, 172], the team identified
the following non-exclusive list of cultural elements to consider in
developing materials: architecture, art, cuisine, dance, dress, family,
gender roles, games, governance, housing, lifestyles, literature, mar-
riage, media, music, religion, social customs, sport, and technology.

These cultural elements are intentionally integrated into the de-
sign of programming activities. For example, a task might involve
simulating traditional African board games, analysing data related
to local music trends, or designing algorithms to generate clothing
patterns in specific regions. This deliberate integration connects
compound programming concepts to relatable and meaningful cul-
tural contexts, ensuring that students engage with material that
resonates with their identities and lived experiences.

By situating programming tasks within African cultural contexts,
we aim to enhance the relevance and accessibility of computing
education. This approach differs from typical assessments, where
multiple concepts may be present but lack contextual grounding,
as highlighted in [118]. Instead, the cultural framing becomes a
pedagogical tool to motivate and inspire students, fostering both
technical and cultural engagement.

8.3 Applying Banks’ Additive Approach

In Banks’ Additive Approach, teachers append cultural content,
themes, and perspectives to the existing curriculum. In our work,
this involved creating a matrix that joined cultural themes with
topics from the CS1 knowledge units. A brainstorming process
then generated multiple examples, each one of which illustrated a
particular CS1 topic using a given cultural element. Here are a few
of such examples:

o The problem of determining which year the African Cup of

Nations tournament is held (cultural element “Sports”) can

be used to illustrate the topic of boolean expressions and

conditional statements in SDF-KU1 and SDF-KU2.

In Egypt, a list of different types of traditional clothing (cul-

tural element “Dress”) can be used to illustrate the topic of

iteration and built-in data structures in SDF-KU3 and SDF-

KUs.

o In Nigeria, call-and-response storytelling (cultural element
“Literature”) can be used to illustrate the topic of functions
in SDF-KU4.

o In Ghana, the Oware game (cultural element “Games”) can be
used to illustrate the topic of classes and objects in SDF-KU4.

It should be noted that although we have adopted Banks’ Addi-
tive Approach to multicultural education reform as a theoretical
framework for this work, this process of joining cultural themes
with topics from CS1 fits naturally into other frameworks for contex-
tualising education. For example, it is in harmony with the Culturo-
Techno-Contextual Approach [28], in which students are asked to
research, reflect on, and share indigenous knowledge or cultural
practices and beliefs associated with a topic or concept. The instruc-
tor also shares his/her indigenous knowledge and cultural practices
associated with the topic, and the instructor also draws examples
from the immediate surroundings or local context.
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8.4 Development of Contextualised Materials

Of all the educational materials that could be developed, we focused
on developing programming activities that could be used as in-class
examples, case studies or programming assignments in the context
of a CS1 class. We developed an initial set of 25 activities®. We
acknowledge that certain activities may be more easily adapted
to other cultural contexts, while others,require deeper cultural
knowledge for effective implementation.

Each activity developed from an example from the matrix de-
scribed in the previous section: that is, it was inspired by a cultural
element from one or more African countries, and addresses a topic
from the six knowledge units identified from the Software Develop-
ment Fundamentals (SDF) knowledge area of CS2023. The activities
are designed to be relevant and engaging for students, providing
practical examples of how cultural contexts can be integrated into
programming education. Each activity comprises the following
information:

e The CS1 Learning Outcomes (LOs) covered (as described in
the ACM computing curriculum guidelines)

o The primary CS concepts being taught (e.g., iteration, func-
tions with parameters, file I/O, etc.)

o The type of problem (e.g., debugging, code tracing, problem-
solving, etc.)

e The cultural elements involved (e.g., dress, cuisine, lifestyle,
etc.)

o The problem description

e Where appropriate and convenient, a model solution to the
problem.

Section 9 describes the initial activities developed in greater
detail.

8.5 Pilot Testing

8.5.1 Data Collection. In order to gather feedback on the designed
contextualised materials, we developed a survey instrument using
Google Docs and obtained an Institutional Review Board (IRB)
exemption from the ethical review for the study, as no personally
identifiable information was collected from participants. The full
survey can be found in Figure 3.

Purposive sampling was employed across six (6) countries to
select at least two (2) academics per country who have experience
teaching the foundational programming course at the university
level. We distributed the survey and the initial catalogue of devel-
oped programming activities via email.

8.5.2 Data Analysis. A reflexive thematic analysis approach, as
outlined by Braun and Clarke [41], was employed to analyse and
interpret themes within the survey data, which were imported into
Excel for detailed coding. Reflexive thematic analysis emphasises
the researcher’s active role in theme development and is well-suited
for qualitative research requiring flexibility and depth. The coding
process followed a rigorous, iterative approach in three phases.
Initially, two authors independently familiarised themselves with
the data and coded it based on the research questions, ensuring a
nuanced understanding of the dataset. They then engaged in col-
laborative discussions to resolve discrepancies and refine initial

3The reader is welcome to contact one of the authors to gain access to these activities
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(1) Do you think there is a need to develop computing education materials
that are contextually relevant to Africa? Why or why not?

(2) Having reviewed the sample materials that have been created by our
team so far, do you think they will be useful for your class? Why or
why not?

(3) What are some of the strengths of the materials that have been created
so far?

(4) What are some of the shortcomings or weaknesses of the materials
created so far? How can they be improved?

(5) What programming language is used in the “CS1” course that you teach?

(6) Which of the following learning outcomes (as described in the ACM
computing curriculum guidelines) are addressed by your course? (Note
that it is not expected that all learning outcomes below are addressed).
[Options: “Not Addressed”, “Partially Addressed” or “Fully Addressed”.]

(a) Develop programs that use the fundamental programming constructs:
assignment and expressions, basic I/O, conditional and iterative state-
ments.

(b) Develop programs using functions with parameter passing.

(c) Develop programs that effectively use the different structured data
types provided in the language like arrays/lists, dictionaries, and sets.

(d) Develop programs that use file I/O to provide data persistence across
multiple executions.

(e) Develop programs that create simple classes and instantiate objects

of those classes (if supported by the language).

(f) Read a given program and explain what it does.

(g) Write comments for a program or a module specifying what it does.

(h) Trace the flow of control during the execution of a program.

(i) Use appropriate terminology to identify elements of a program (e.g.,

identifier, operator, operand)

(j) Write programs that work with text by using string processing capa-
bilities provided by the language.

(k) Develop tests for modules, and apply a variety of strategies to design
test cases.

(I) Explain some limitations of testing programs.

(m) Build, execute and debug programs using a modern IDE and associ-
ated tools such as visual debuggers.

(n) Apply basic programming style guidelines to aid readability of pro-
grams such as comments, indentation, proper naming of variables,
etc.

(o) Write specifications of a module as module comment describing its
functionality.

(7) In what country is your university located?

(8) Is your institution public or private?

(9) Do you have students from African countries other than the one in
which your university is located? (i.e. international students from other
African countries)

(10) If you have international students in your course, what are some of the
countries represented?

(11) In what degree programmes are the students who take your class en-
rolled? (select all that apply) [Options: “Computer Science”, “Informa-
tion Systems”, “Information Technology”, “Computer Engineering” and
“Other”]

(12) In what year of university are the majority of students who take your
class? [Options: “Year 17, “Year 2” or “Other”]

(13) Additional general comments about the materials, the project, this sur-

vey, or your class.

Figure 3: Survey questions

codes, in line with best practices for reflexive thematic analysis.
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Emerging themes were iteratively refined to ensure they captured
the core issues, with sub-themes supported by illustrative quotes se-
lected to represent key patterns in the data. The final step involved
synthesizing the codes and themes, avoiding overlap between re-
search questions, and identifying overarching themes, which were
critically examined and linked to the paper’s conclusion for a co-
hesive discussion. This approach aligns with the quality practices
for reflexive thematic analysis, as detailed in Clarke and Braun’s
guidelines [51].

9 Contextual Materials: Example Activities

The material development process, introduced in Section 8.4, was
designed to capture specific learning outcomes, cover various com-
puting concepts, highlight cultural elements and reflect the author’s
nationalities. In this section, we include six example activities and
follow this in Section 10 with a discussion of the set of activities
created.

The following example activities were developed by the authors,
one example per country. We have aimed to give example activities
which provide broad coverage of the various CS1 concepts covered,
exercise types, and cultural components included. The examples
presented here do not necessarily provide a complete representation
of the work conducted, so readers should refer to the initial set of
25 activities for a better understanding, which can be found here:
https://doi.org/10.5281/zenodo.14238903

9.1 Example 1: Deconstructing Poetry
(Botswana)

CS1LOs:

e Develop programs that effectively use the different struc-
tured data types provided in the language like arrays/lists,
dictionaries, and sets.

e Read a given program and explain what it does.

CS Concepts: Iteration, built-in data structures (list)
Problem Type: Code comprehension
Cultural Elements: Media (Poems)
Description:

Explain what each line of code does in the program below. What
is the output of the overall program? How can you modify it to
print only the first words: Naledi e le?

leboko = [
"Naledi e le,",
"Ya mariberibe, ribela ka pele,",
"Re ye go nwa metsi,",
"Metsi ga a yo,",
"A nolwe ke Kgaupe,",
"Kgaupe ga ke morate,",
"Ke rata Masilonyana."

line in leboko:
print(line)
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9.2 Example 2: Trace the output of Koshari
ingredients (Egypt)

CS1LOs:
e Trace the flow of control during the execution of a program.

CS Concepts: Iteration, built-in data structures (list)
Problem Type: Code tracing

Cultural Elements: Cuisine

Description:

Koshari is a traditional Egyptian dish combining rice, lentils,
pasta and other ingredients. You can find the recipe and a photo-
graph at this link: https://www.taste.com.au/recipes/koshari-egyptian-
rice-lentils-pasta-recipe/ygqlkvwa.

Trace the following code and write down the output:

# List of ingredients in Koshari

["Rice", "Lentils", "Chickpeas",
"Garlic", "Tomato Sauce", "Vinegar
coriander)", "Fried Onions (

Pasta", "Onions",
", "Spices (cumin,
optional topping)"]

# Iterating through the list of Koshari
print("Ingredients for making Koshari:")

ingredients

7 for ingredient in koshari_ingredients:

"

print("- + ingredient)

9.3 Example 3: Calculating Tin Cans for a
Pyramid in Three Toti (South Africa)

CS1LOs:

e Develop programs that use the fundamental programming
constructs: assignment and expressions, basic I/O, condi-
tional and iterative statements.

CS Concepts: Iteration, built-in data structures (list)
Problem Type: Programming problem-solving
Cultural Elements: Game

Description:

You and your friends would like to play a game of three toti.
They are struggling to determine how many tin cans they require
to build a pyramid of tin cans (a representation of the pyramid can
be found in Figure 4). Write an algorithm, in the language of your
choice, to determine how many tin cans are needed to stack on top
of one another when the base number of tin cans are provided. The
following provides on illustration of how the tin cans are stacked.
Model Solution (Python):

base = 5
» line = base
sum = base

5

3

while line > 1:
line = line - 1
sum = sum + line
print (sum)


https://doi.org/10.5281/zenodo.14238903
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Figure 4: A three toti pyramid representation

9.4 Example 4: Is AFCON this year? (Ghana)

CS1LOs:

e Develop programs that use the fundamental programming
constructs: assignment and expressions, basic I/O, condi-
tional and iterative statements.

e Develop programs using functions with parameter passing.

CS Concepts: Functions with parameters, conditionals
Problem Type: Programming problem-solving
Cultural Elements: Game

Description:

The African Cup of Nations (AFCON) is the main international
men’s association football competition in Africa?. It was first held
in 1957, and was subsequently held in 1959, 1962, 1963, 1965, and
1968. Since 1968, it has been held every two years, switching to
odd-numbered years in 2013. (So, the tournament was held in both
2012 and 2013.)

Write a function that takes the year as a parameter and returns
a boolean indicating whether or not the African Cup of Nations
was/will be held in that year.

Model Solution (Java):
public static boolean isAFCONYear (int year){

if (year >= 2013 && year%2 == 1)
return true;

else if (year >= 1968 && year%2 == 0)
return true;
else if (year == 1957 || year == 1959 || year == 1962
|| year == 1963 || year == 1965)
return true;
else

return false;

9.5 Example 5: Royal Greeting Merge (Nigeria)

CS1LOs:

e Develop programs that use the fundamental programming
constructs: assignment and expressions, basic I/O, condi-
tional and iterative statements.

e Develop programs using functions with parameter passing.

4en.wikipedia.org/wiki/Africa_Cup_of Nations
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e Develop programs that use file I/O to provide data persis-
tence across multiple executions.

CS Concepts: Iteration, conditionals, file I/O, error handling
Problem Type: Programming problem-solving

Cultural Elements: Government, Social Customs, Royalty Poetry
Description:

An Oriki is a form of praise poetry in Yoruba culture, often used
to honour individuals, deities, or towns. These poems celebrate the
subject’s achievements, qualities, and lineage. They are traditionally
recited during various ceremonies and significant events, using a
call-and-response structure to engage the audience and enhance
the communal experience.

You are tasked with creating a program that reads a call-and-
response Oriki from two separate files, merges them into a single
file, and adds the labels “Call” and “Response” before each line as
necessary. There should be an equal number of calls and responses.
call.txt

The king with authority, second only to the gods!
The king who lives in a palace with an indigo roof!
The glorious king who resides in his city!

response.txt

Authority, second only to the gods!
Palace with an indigo roof!
The king who resides in his city!

Model Solution (Python):

def read_lines(file_path):
with open(file_path, 'r', encoding='utf-8') as file:
return [line.strip() for line in file.readlines()

1

def save_oriki(file_path, oriki_lines):
with open(file_path, 'w', encoding='utf-8') as file:
for line in oriki_lines:

file.write(line + '\n")

def merge_call_response(calls, responses):
if len(calls) len(responses):
raise ValueError("The number of calls and

responses must be equal.")

merged_oriki = []

for call, response in zip(calls, responses):
merged_oriki.append(f"Call: {call}")
merged_oriki.append(f"Response: {response}")

return merged_oriki

main():

# Step 1: Read calls and responses from files
calls = read_lines('call.txt')

responses = read_lines('response.txt')

# Step 2:
merged_oriki =

Merge calls and responses with labels
merge_call_response(calls, responses)

to a file
merged_oriki)

# Step 3: Save the merged Oriki
save_oriki('oriki_output.txt',

"

if __name__ == "__main__

main ()


https://en.wikipedia.org/wiki/Africa_Cup_of_Nations)
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9.6 Example 6: Design a citenge with Turtle
graphics (Zambia)

CS1LOs:

e Develop programs that use the fundamental programming
constructs: assignment and expressions, basic I/O, condi-
tional and iterative statements.

o Develop programs using functions with parameter passing.

CS Concepts: Iteration, graphics module/library
Problem Type: Programming problem-solving
Cultural Elements: Dress
Description:

A citenge is a garment in the form of a wide cloth with bright,
repetitive patterns. Using the turtle graphics module, write a pro-
gram to design a citenge. Your program should:

e Colour the graphics background with an appropriate colour

o Include a design of reasonable complexity

o Repeat the design several times across the citenge with a
loop

You should consider writing a function to draw the design, given
the coordinates to place it. Then you should consider how to loop
your program so that it can draw the design in several “rows” and
“columns” of the citenge.
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Figure 5: A sample of a citenge. (Photo of a citenge belonging
to the family of one of the authors.)
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10 Activities Analysis

Once the activities were developed, they were compiled into a cat-
alogue and were reviewed for their coverage of the CS1 learning
outcomes, computing concepts and cultural elements. One of our
primary goals was to explore the rich diversity of cultural concepts
that could be infused into the teaching of fundamental program-
ming concepts students in CS1. While the catalogue developed is
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not necessarily comprehensive, it shows some of the many pos-
sibilities for incorporating contextually relevant concepts when
teaching programming to African students.

Figure 6 is an alluvial diagram which depicts the programming
concepts, cultural elements, and learning outcomes focused on by
the activities. While there were 25 activities, some assessed multiple
learning outcomes and involved various concepts. Therefore, each
link in the alluvial diagram represents one relationship; it does not
depict 25 distinct activities but rather the variety of relationships
among them. For instance, there was a question focused on the
cultural aspect of dance from Botswana, which aligned with the
first learning outcome. This question included concepts of iteration,
conditionals, and built-in data structures. As shown, it has three
links entering the dance node.

A number of activities used multiple concepts such as built-in
data structures (e.g., lists, arrays, dictionaries), iteration, and con-
ditionals. From a pedagogical standpoint, this is worth discussing.
When students learn how to program, they typically learn these
concepts in isolation, so having more straightforward or more basic
questions could be used at the early stages of learning. An alterna-
tive to looking at these examples is that since they include multiple
concepts, they may be used in their current configuration when
students have already been exposed to all of the relevant concepts
for a more summative activity. This raises the question of when it
is best to use culturally relevant materials: when students are first
exposed to concepts, or after mastering those concepts.

From the perspective of cultural elements, four out of the six
authors included activities relating to games. Games are pervasive
in any culture, but from a pedagogical standpoint, two things come
to mind. The first is that instructors may tend to use games because
they have set rules that are suitable for programming that are
typically fixed. Second, games benefit students because they are
fun and can serve as a form of intrinsic motivation and engagement
to create a game and then share it with their peers.

The activities were mainly developed independently by each
author, so we identified areas for improvement when they were
aggregated. As depicted in Figure 6, there tends to be a preference
for focusing on the first learning outcome. In addition, most of the
activities tended to involve programming problem-solving activi-
ties. These activities typically include describing a scenario and a
problem, with the student expected to write a programmatic solu-
tion. Future work should include more ways for students to engage
with code, for example, code tracing, code reading, testing, and
debugging exercises.

It is worth noting that though a given author developed an
activity designed for their country, that activity may be applicable
across countries due to shared cultural elements and values common
across many African nations. Example 4 (Ghana, 9.4) is an example
of this, where the activity was originally designed for the Ghanaian
context, but could be applicable to any African context. Another
example would be Example 6 (Zambia, 9.6) which describes an
airtime credit system which is not unique to Zambia and can be
found in many African countries. Additionally, there are several
instances of similar but not identical scenarios in the activities
which could be adapted to a different context by only changing a
few words. For example, one of the exercises from Ghana in the
activity catalogue involves modelling a “tro-tro” system, which
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Figure 6: Alluvial diagram depicting the categorisation of the development materials with CS concepts covered on the left,
cultural elements in the centre and the CS1 learning outcomes on the right

is a term for a minibus in Ghana; other African countries have
different names for a very similar minibus system (e.g., “DalaDala”
in Tanzania or “matatus” in Kenya, or simply “minibus” in Zambia)
so the activity could easily be modified for different contexts.

11 Contextual Materials: Survey Results

We sent the activity catalogue and survey to 26 faculty teaching at
15 institutions across 6 countries. Thirteen (13) faculty members
reviewed our activities. We removed one faculty member who did
not meet the criteria for how we defined CS1 in Section 8, leaving
us with 12 faculty members who taught CS1 in Africa. The coun-
tries the faculty members come from were Botswana (2), Egypt (1),
Ethiopia (1), Ghana (4), Nigeria (2), South Africa (1), and Zambia (1).
The respondents represent eight institutions, of which three were
private, and five were public. Finally, ten out of the twelve partici-
pants informed us about having international students (primarily
from other African countries) in their CS1 classes.
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11.1 Qualitative Analysis

Recall the open-ended survey questions sent out to the faculty at
institutions in Africa:

e Having reviewed the sample materials created by our team
so far, do you think they will be useful for your class? Why
or why not?

o What are some strengths of the materials created so far?

e Are some shortcomings or weaknesses of the materials cre-
ated so far? How can they be improved?

This section explores the responses to these questions through
thematic analysis, the process for which is described in Section 8.4.

The respondents are referred to as Faculty n, where nis a random
number used to distinguish them. Since there were originally 13
responses and one was removed, these numbers range from 1 to 13.

11.1.1  Perceived need for materials. Most faculty saw the useful-
ness of computing education materials that resonate with students’
backgrounds and experiences. Our survey responses emphasised
the importance of student relatability and familiarity in understand-
ing computer programming. Faculty members who responded to
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the survey stressed the necessity of connecting learning to daily life
through local examples, stories, and challenges specific to African
industries and cultures. As Faculty 2 stated:

“Students learn better with materials they can relate to...
what they interact with on a daily basis.”

Faculty 9 added that incorporating

“..such materials can engage students by addressing
local challenges and using familiar examples, which
can improve understanding and make learning more
relatable and effective.”

We note that the benefits of our contextualised materials extend
beyond engagement. By incorporating culturally relevant elements
into materials faculty use to teach students, there is the chance to
increase student interest in innovation in fixing problems within
their ‘home’ communities or neighbourhoods. Faculty 9 echoed
this sentiment:

“Such materials can engage students by addressing lo-
cal challenges and using familiar examples, which can
improve understanding and make learning more relat-
able and effective. It could also inspire students to use
programming to solve community problems they may
not have previously considered.”

This shift empowers students to see themselves as change-makers,
equipped with the skills and confidence to contribute innovative
solutions to their communities’ specific challenges.

Choosing the correct context for these contextually relevant
materials is important, particularly because our faculty expressed
unique computational challenges to African classrooms, such as
the ‘numerous languages’ and the ‘lack of computational tools for
learners.” By ensuring the chosen analogies and scenarios truly res-
onate with students, the faculty believes that contextually relevant
materials can bridge the digital divide, promote inclusivity in edu-
cation, and encourage students to tackle Africa’s unique challenges
with a passion for innovation and problem-solving.

11.1.2  Perceived usefulness of materials. Our survey, given to fac-
ulty members, indicated that using contextually relevant materials
in CS1 courses can potentially spark enthusiasm, active learning,
student motivation, and engagement. For example, Faculty 1 stated
that “relatable examples will generate excitement and push students to
seek solutions, despite the solution being difficult to solve.” Similarly,
Faculty 4 shared “As someone who lives in Ghana, seeing an activity
titled ‘how to model a tro-tro?’ automatically sparks [my] curiosity.
[The specific activity local to our context] will be a lot of fun for stu-
dents taking an introductory course in object-oriented programming.”
However, a concern by the faculty was that the use of ‘overly

specific’ examples tied to a single context (e.g., country) might limit
students’ interest and engagement when context-specific examples
are used in situations in which the student is unfamiliar, for example,
in multinational classrooms. As Faculty 12, Faculty 13, and Faculty
3 stated:

“T think they will be useful, at least or especially to some

of the students familiar with those contextual elements.”

“the modern average student is a global citizen... if we

over-contextualise, it may again work against the pur-

pose of the contextualisation.”
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Participants proposed valuable solutions to this challenge, sug-
gesting including diverse global challenges or interdisciplinary
current problems in course materials. Faculty 12 and Faculty 13
noted:

“it would be beneficial to also include global challenges.
Technology keeps evolving, and our learners need to
understand various levels of problem-solving to stay
up-to-date and competitive.”

“but it may also be important to infuse [the contextu-
alised materials] with geographic context samples from
different other science/art domains to truly expose stu-
dents to the importance of computing”.

Focusing on broadly applicable scenarios could help students
develop transferable problem-solving skills, preparing them for the
ever-changing world of technology, where solutions often need
adaptation to new contexts. For instance, a student who masters a
program to optimise tro-tro routes can apply those core program-
ming concepts to design algorithms for optimising delivery routes
in any city worldwide.

11.1.3  Our identified strengths of materials. Our study identified a
few strengths of the educational materials we showed to our fac-
ulty participants. One strength was the use of contextually relevant
materials that leverage students’ existing knowledge of local enter-
tainment (including music and games). Faculty members informed
us that providing contextually relevant and specific examples would
set a strong foundation for learning, enhance student engagement,
and also reduce teacher preparation time.
For example, Faculty 2 noted:

“The strength is that the examples are relevant to our
local context. They use entertainment like music and
games, which helps make the technical concepts I teach
more relatable for students.”

Faculty 8 also highlighted the variety and practical applicability of
the questions:

“The mix of questions effectively tests different aspects of
the material. These questions can be used for both prac-
tical and written assessments. Additionally, the diverse
examples from across the continent ensure all students
learn about different African cultures.”

Another strength is the inclusion of a clear and concise preamble
that defines the key concept being taught, as Faculty 5 observed:

“The preamble to the question helps students understand
what they are learning by explicitly defining the key
concept.”

Finally, focusing on readily available and low-cost activities (e.g.,
chess [Faculty 2]) can promote inclusivity by removing financial
barriers for both faculty and students. These culturally relevant
activities can ignite students’ curiosity about their heritage, deepen
their appreciation for their own and other cultures, and foster a
pan-African perspective that celebrates the continent’s cultural
richness.

11.1.4  Our identified shortcomings of materials. The feedback from
our faculty revealed some limitations in the current approach of
our contextually relevant materials. One issue raised was that the
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materials raise the risk of alienating the “new generation” of stu-
dents with activities grounded in practices that are fading due to
culture erosion [188]. This calls for a nuanced approach, as Faculty
2 emphasised the importance of:

“..creating a balance in using traditional and cultural ac-
tivities by also looking into not only local activities but
modern activities and examples so the modern students
don’t still struggle to understand the cultural activity
as well as the concept being taught.”

In summary, key themes that can be taken from the qualitative
analysis are given in Table 4. These include the ones highlighted in
Sections 11.1.1 to 11.1.4.

12 Contextual Materials: Threats to Validity
and Limitations

The development of the contextual materials reported in the paper
is by no means exhaustive. It is meant as a starting point for con-
versation and further development of materials for use in teaching
CS1 courses.

This initial catalogue of contextual material activities is skewed
towards the preferences of the researchers who developed them
and does not cover all topics in a typical CS1 course. The catalogue
is limited in the number of African counties represented, yet more
extensive than many other reports developing materials for CS1
courses. This opens the opportunity for collaborations within fo-
cus groups working towards expanding both the content to fully
represent the topics in a CS1 course and the diversity of activities
for different countries on the African continent and beyond.

The sample of faculty chosen to evaluate the materials was pur-
posefully chosen to reflect the African countries that are repre-
sented by the researchers who created the contextual materials.
The sample is therefore limited. As the materials include additional
countries and content, similar studies may be conducted to gauge
the perceptions of the expanded catalogue of contextualised mate-
rials by faculty representing CS1 courses across more countries.

The current work is a preliminary exploration and does not
include an evaluation of the developed materials in a classroom
context and thus an investigation of the effect of the use of the
materials on learning outcomes or student interest in computing.
Prior work [115] has raised the question of under what circum-
stances contextualisation reduces or increases the cognitive load of
students. This work does not attempt to answer this question.

13 Contextual Materials: Discussion

The process for developing contextually relevant materials for the
African context, using Banks’ Additive Approach , was as follows:

o The authors agreed on a subset of computing to focus on, in
this case introductory programming

o We identified a curriculum to base the set of materials around,
in this case the CC2023 curriculum

o We identified a broad range of cultural elements which could
be incorporated into computing examples, or around which
computing examples could be built
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e We individually developed some example programming ex-
ercises which were categorised by the CS2023 learning out-
comes and computing concepts they covered, as well as the
cultural elements we included (from our own backgrounds,
experiences and knowledge of our relevant cultures)

e We compiled these into a catalogue and established which
learning outcomes, computing concepts and cultural ele-
ments had been covered

e We circulated the catalogue among an extended commu-
nity of faculty based in institutions in Africa and collected
feedback on the examples

We summarise this process here, with details of each step in
previous sections, for any reader interested in developing their own
contextually relevant materials to follow along. The collaborative
nature of this project, involving faculty from various African coun-
tries, allowed the exploration of a wide range of cultural contexts.
This diversity allowed for a rich tapestry of cultural elements to
be integrated into the CS1 curriculum, making it more relevant
and engaging for students. One challenge faced was ensuring that
the culturally contextualised materials could be standardised and
adopted across different educational institutions. Balancing the
need for cultural specificity with the requirements of a standardised
curriculum required careful consideration and iterative refinement.
Additionally, the process of aligning cultural themes with program-
ming concepts highlighted the need for flexibility and creativity
in curriculum development. The iterative approach to developing
and refining these materials based on educator feedback ensured
that they remained relevant and effective over time. An ongoing
evaluation and improvement process is essential for maintaining
the impact and applicability of the materials.

Furthermore, this project emphasises the importance of includ-
ing local faculty in the development process, which fosters a sense
of ownership and empowerment among African faculty. This collab-
orative model positions them as leaders and innovators in computer
science education. By promoting culturally relevant education, we
support broader goals of inclusion and diversity in computer sci-
ence. This initiative aligns with the global movement towards de-
colonising education and ensuring that academic content reflects
and responds to learners’ diverse cultures and experiences, both in
computing education [183] and worldwide [40, 83, 100].

In an era where the digital divide continues to perpetuate in-
equalities, providing culturally relevant education is a crucial step
toward ensuring that all students have the opportunity to succeed
in the digital era. In particular, with the rise of LLMs and compa-
nies appropriating our data and labour [52], it is crucial for both
students and faculty in developing nations to be more aware of how
computing affects them and to develop proactive steps to address
the encroachment on our liberties.

To further the success of integrating African cultural elements
into CS1 courses, it is recommended that future initiatives continue
to emphasise collaboration among faculty from diverse cultural
backgrounds. Establishing networks and forums for sharing best
practices and resources can enhance the quality and relevance of
educational materials. Additionally, ongoing professional devel-
opment for faculty in culturally responsive pedagogy is essential
to implement and sustain these initiatives effectively. Institutions
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Table 4: Key themes and quotes extracted from survey responses from instructors in Africa

Key Themes

Quotes

Cultural Relevance

Engagement and Excitement

Strengths of Materials

Weaknesses of Materials

Suggestions for Improvement

Positive sentiments about the
overall work

“Aids in student learning. Contextually relevant analogies essential”

“Students learn better if they are given the materials that they can relate to or what they interact
with on a daily basis.”

“Having these relatable examples will generate more excitement.”

“It will be a lot of fun for students taking an introductory course in OOP to think about the various
instance variables and methods involved in designing the tro-tro class.”

“The examples are country-specific and use examples that the majority of local students would be
able to relate with as local content”

“The activities are very relevant to African settings by including local traditions, languages, and
cultural practices in computing education.”

“Will prefer a more systematic approach - list out the topics in CS1 and associating problems.”
“With culture erosion we must be careful that some of the activities are not relatable to the new
generation.”

“To improve, it would be good to add activities that cover both local and global issues in computing.”
“Providing different versions of activities or suggestions for places with fewer resources would
make sure all students take part in learning.”

“This is a good study and with the common struggles that our students seem to experience, con-
textualisation may help address some of the ambiguity associated with the course materials and
content”

“The project is progressing positively and deserves full support because it is evidence-based and
has the potential to bring about positive changes in the curriculum.”

should consider adopting flexible curricular frameworks that allow
for incorporating culturally relevant content while maintaining
standardisation. This flexibility will enable faculty members to
adapt materials to their specific cultural contexts without compro-
mising the integrity of the curriculum.

In this work, we used Bank’s multi-level approach to describe the
ways of contextualising curriculum. While beneficial, we encourage
others to explore how other frameworks can be used to support con-
textualisation. Within Banks, we have focused on creating materials
at the second level, which is additive. This was because we intended
to highlight the diversity across the content in a constrained time.
A more robust approach should explore the Transformation and
Social Action approach, which would require collaborating with
faculty and students in their local context. We encourage faculty
to consider which level is best suited for their context. To conduct
work at the Transformational and Social Action levels, it is neces-
sary to fully explore the local context and institutional factors, as
well as have student participation and faculty support. While this
may sound arduous, work at this level will better equip students to
address the socio-technical challenges of our age.

Finally, continuous research and evaluation should be conducted
to assess the impact of these contextualised materials on student
engagement, retention, and learning outcomes. This data will be
used to refine and improve the approach, ensuring that it remains
effective and responsive to the needs of students. In conclusion, the
integration of African cultural elements into CS1 courses represents
a significant step towards making computer science education more
inclusive and accessible. By leveraging the rich cultural heritage of
African countries, faculty can create a more engaging and relevant
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learning experience for students, thereby broadening participation
in the field of computer science.

14 Conclusions and Future Work

In this report, we share the first comprehensive literature review
of computing education in Africa, with papers spanning the period
from 1978 to March 2024. The work reviewed illustrates a rich
conversation about computing education in several countries across
Africa, encompassing topics such as programming education, the
need for and approaches to contextualisation, Al and Robotics
education, and the impact of and challenges with infrastructure.
This body of work has been brought together for the first time in
this report, serving as a baseline for future studies of computing
education in African countries.

Recognising the importance of making education relevant to
learners in their context, this report also presents a process for
developing contextualised materials, using the foundational pro-
gramming course, commonly referred to as CS1, as a case study.
The result is an initial activity catalogue of programming exercises
grounded in various elements of culture from six African countries,
namely Botswana, Egypt, Ghana, Nigeria, South Africa, and Zambia.
Initial feedback from a dozen instructors in these countries shows
the value of the process that has been initiated and of the example
materials that have been developed.

This report opens up many directions for future work. A review
of the growing number of PhD theses on the topic of computing
education in Africa would be of interest, for example [8, 43, 134,
140, 144, 152, 185]. The large number of venues represented in our
dataset, plus the very small number of papers per venue, also raises
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interesting questions. What form might computing education re-
search communities take in this context? Another direction for
future work is to look into each of the categories of papers discov-
ered (see Table 3) and make an in-depth discussion and analysis. For
example papers which discussed tools, using technology, teaching
strategy, or curriculum for computing education can be further
analysed to elucidate the current state of what is being done, how
it is shaping computing education in Africa and what impact it can
have on computing education globally. Investigating computing
education research in other languages, particularly local African
languages, would be another interesting area of future work.

Related to contextual materials, there is a significant amount
of work that can be done. An in-depth study of the level of use of
contextualised materials in African classrooms would be interest-
ing. Materials could be developed for upper-level courses. More
extensive contextualisations at higher Banks levels, involving whole
curricula or pedagogies, and involving the students themselves in
creating materials, have been begun in related work, as discussed
in Sections 4 and 7, but could be expanded.

In the short run, further learning materials can be developed,
building on this initial catalogue. Recognising that there are many
cultural similarities across groups of African countries, the cata-
logue can also be enhanced with a guide to cross-cultural translation
of the materials, helping instructors understand, for example, how
to quickly convert a programming activity about food prepara-
tion in Nigeria to one that would work in the Ghanaian context.
An important next step is a systematic study of the use of these
contextualised materials in real classrooms. African instructors,
particularly those who have not yet participated in computing edu-
cation research, would be welcome to join in this effort. Finally, the
hope is to build an online e-textbook for CS1 materials that would
automatically adapt its examples to the country or culture selected
by the instructor.
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