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A B S T R A C T   

The teaching of machine learning is now considered essential and relevant in schools globally. Despite the 
ongoing discourse and increased research in the emerging field, teachers’ conceptions of machine learning 
remain under-researched. This study aims at filling the gap by describing the initial conceptions of teaching 
machine learning by 12 African in-service teachers. We detailed the result of a phenomenographic analysis of 
teachers’ pre-conceptions on teaching machine learning in K-12 settings. Twelve high school (Grades 10–12) 
computer science teachers in some selected African countries were recruited for a semi-structured interview. Five 
categories emerged from the analysis of the semi-structured interviews as follows: supporting student technical 
knowledge, having knowledge of the concept, focusing on professional development practices, contextualizing 
teaching resources and tools, and sustainability for development goals. These involve the relevance of teaching 
machine learning, the pedagogical approaches, strategies, and sustainability relating to practical implementation 
in schools. The results suggest the need to train in-service teachers to use existing tools designed for introducing 
machine learning. The teachers should also be involved in the co-designing process of resources considering 
contextual factors and, significantly, the curriculum to integrate machine learning into mainstream education. 
Involving teachers in the development process would help contextualize machine learning, contributing to real 
impact and societal changes.   

1. Introduction 

1.1. Trends and gaps in teaching machine learning research 

Rapid technological development has unlocked potentials, chal-
lenges, and prospects in teaching and learning [1]. Technological 
development has opened the gap to challenges in understanding the use, 
application, and inner workings of these technologies, especially the 
emerging technologies such as Artificial Intelligence (AI) and Machine 
Learning (ML). AI algorithms and systems are increasingly becoming 
integrated with our society, automating tasks and assisting humans with 
decisions. As such, AI would undoubtedly cause the workforce to evolve, 
which suggests new responsibilities for all, especially developing ap-
proaches to build future knowledge workers and set the stage for their 
careers, which will require the ability to interact with AI and ML tools 
effectively. Realizing the need to prepare K-12 students for an AI and 
ML-permeated future, researchers, practitioners, and educational 

stakeholders have made concerted efforts to develop resources for 
teaching ML. 

Accordingly, a guideline was developed for teaching AI to K-12 
students through the joint effort of the Association for the Advancement 
of Artificial Intelligence (AAAI) and the Computer Science Teachers 
Association (CSTA) [2]. Subsequently, resources and activities that 
promote understanding of AI and ML keep unfolding. Such resources 
and activities include development, implementation, and evaluation of 
curriculum [3,66–68] and tools [4–7]. While research on AI and ML 
education as a whole research domain is emerging, research focusing 
specifically on the teachers that would drive the teaching and learning 
process remains limited. Few research studies include Lindner and 
Romeike’s [8] study that explored teachers’ knowledge about AI to 
derive measures to support computer science teachers in Germany. 
Lindner and Berges [9] also investigated German teachers’ pre-concepts 
about artificial intelligence. Furthermore, Chiu and Chai [10] and [13] 
explored teachers’ views with and without AI teaching experience and 
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co-design with teachers to integrate AI education into the curriculum. 
However, these studies cannot provide comprehensive understand-

ing of teachers’ views and conceptions of AI and ML globally. Besides, 
the focus of earlier studies was on AI, which consists of several other 
subsets or applications other than ML. Only a study [11] was found to 
explore ML with teachers in K-12, and the interest was on assessing the 
effectiveness of an ML tool in supporting teachers to teach ML. Hence, 
this paper focuses on understanding high school teachers’ initial 
conception of ML in Africa. Exploring teachers’ views and research in 
African context is germane since studies in the research domain are 
lacking [12][69]. Adopting the course content in the classroom would 
be impossible without teacher buy-in and understanding of their con-
texts [13]. Moreover, context influences teaching and learning [14] in 
computing education, which provides significance and meaning to the 
concepts taught [15]. This article addresses these needs by presenting 
the results of a phenomenographic study carried out with African 
in-service computer science teachers with varying teaching experiences. 
The phenomenography approach has been utilized in previous studies, 
for example, to understand teachers’ conception of mobile learning [1], 
e-learning studies [16], online teaching [17], cloud-based applications 
[18] and ICT integration [19] among others. The phenomenography 
research approach is applied in this study to obtain insights from the 
teachers’ assumptions of machine learning and find variations in their 
opinions. 

1.2. Teachers’ conceptions of learning in computing education 

Conception in teaching and learning has been considered essential 
for teaching practices. According to Lin et al. [20], researchers have 
recognized the importance of global teachers’ conceptions with suffi-
cient evidence that their conceptions significantly influence their 
teaching practices. Teachers’ conceptions and approaches have also 
been correlated, suggesting some functional relationship between con-
ceptions and actual teaching practices [21]. Existing research further 
indicates that teachers’ conceptions of specific subjects have pervasive 
influences on their classroom practices and teaching efficacy [22,23]. 
However, as Lin et al. [20] stated, teacher conceptions are a multifac-
eted construct that may have complicated or even contradictory in-
fluences on their teaching practices. Machine learning education has not 
yet been considered a standalone subject [13] or integrated into a 
country-wide curriculum, therefore exploring teachers’ concept of the 
subject matter is essential. Teachers’ conception should consist of ma-
chine learning subject matters and cognitive methods expected to affect 
their decision making and not only their conceptions of students, class, 
society, and emotions [20,24]. Thus, a great deal of research has been 
examining teachers’ conceptions concerning their teaching practices. 

A research study examining teaching machine learning conceptions 
held by teachers in Africa is necessary on a few grounds. Judging from 
the pace at which machine learning application permeates society 
globally in recent years, it is apparent that Africa cannot be excluded 
from the development and integration of machine learning into the 
mainstream educational curriculum. As illustrated in previous findings, 
the existing resources for teaching ML often teach ML as an extension of 
computer science curricula or standalone curricula that are difficult to 
adjust to other contexts [25,13]. Therefore, adopting a foreign or 
western-centric initiative may not be adequate for the African context. 
To translate into classroom reality, the teachers must, to begin with, 
believe in the relevance of teaching ML to young students and under-
standing the same as asserted by Chan et al. [26], that the engine of 
beliefs is the one that drives the instructional pedagogy [27,28]. 

This has implications for teacher education, as teachers consider 
teaching ML with preconceived ideas. The teachers’ preconceptions are 
however likely to interfere with the teaching of ML concepts because ML 
education is new to K-12. Hence, the need to ascertain the prior beliefs of 
these in-service teachers. 

As an emerged specialty essential in the fourth industrial revolution, 

computer science and engineering education are pivotal to the growth of 
any society. Despite the importance of AI and machine learning field, 
issues in computer science still exist, such as gender gap and minority 
student’s representation, high dropout rate, and low retention in the 
field [29,30]. These issues suggest that computer science education has 
some complexities that require applying specific approaches and 
methodology to understand and facilitate the students’ learning expe-
riences [31]. Since learning computer science is assumed to be much 
more cognitively complex than other learning science fields [32], it is 
expected that teachers’ conceptions may differ. While the conceptions 
formed by students when learning computer science is pertinent to 
computing education, educators’ conceptions should not be secondary. 

In addition, it is essential to know about our educators and their 
experience with machine learning. We investigated teachers’ pre-
conceptions about machine learning using phenomenographic analysis 
within the interpretive paradigm to understand the experience of 
teachers, their feelings, contexts, and views about teaching machine 
learning. With a better understanding of the educators to drive the 
teaching and learning process of the emerging concept in schools, in-
terventions can be designed or adapted to target specific needs and 
context-awareness. 

The specific research question guiding this research is: 

• What are in-service teachers’ preconceptions about teaching ma-
chine learning in schools? 

Investigating the teachers’ perspective in advance is essential. The 
rapid increase in demand for K-12 computer science (CS) has too often 
meant that the K-12 teachers were required to teach CS topics without 
sufficient attention being paid to their perspective. Even though these 
teachers’ understanding of machine learning is still limited, gathering 
their perspective on the emerging machine learning concept would 
contribute to its practical implementation in schools. Since research has 
indicated that teachers’ practices are influenced by factors such as 
context [33], it is not inappropriate to expect contextual influence on the 
teachers’ preconceptions of machine learning in schools. Africa has 
witnessed significant growth in Information and Communications 
Technology (ICT). However, the continent lags well behind other 
developing regions in internet access and usage [34]. While ICT is being 
progressively integrated into the basic educational level in African 
schools in recognition of its globally proven importance, the ML concept 
will soon be introduced since it is a global initiative. Hence, some CS 
teachers would soon be faced with a requirement to teach machine 
learning course in their schools. Teaching computer science or ICT in 
African schools has been plagued with several challenges, especially in 
terms of resources (e.g., infrastructure and equipment) and inadequate 
qualified teachers and permanent technical support staff, among others 
[35]. The present state of CS education will probably influence the 
teachers’ preconception of introducing a new computing concept. 

2. Theoretical framework and related research 

2.1. Technological pedagogical content knowledge (TPACK) 

Kim et al. [65] described Technological Pedagogical Content 
Knowledge (TPACK) as a widely used framework to identify how 
teachers can incorporate technology into their teaching methods. It was 
further stressed that TPACK conceptualizes teacher capacity and 
knowledge needed to integrate technology in instruction. Chai et al. 
[36] specified that within educational technology, TPACK had been 
theorized as a seven-factor construct to describe teachers’ integration of 
ICT in their teaching. According to Mishra and Koehler [37], forming 
TPACK comprises technological knowledge, pedagogical knowledge, 
and content knowledge, synthesized to integrate ICT in the teaching 
process. The interaction from these sources can generate three other 
constructs, including Technological Content Knowledge, Technological 
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Pedagogical Knowledge, and Pedagogical Content Knowledge, which 
are needed to understand how teachers can integrate ICT in teaching 
machine learning in K-12 settings. 

TPACK framework has been embraced as a theoretical basis for 
structuring the ICT curriculum in teacher education programs [38–40]. 
As also confirmed in the computer science education domain to support 
the professional development of secondary computer science teachers 
on teaching with technology [41,42]. A recent study by [65] also 
corroborated utilizing the TPACK framework to investigate the teacher 
competencies desired for effectively teaching AI with technology. The 
study concludes that teachers who teach AI to K-12 students require 
TPACK to construct, prepare an environment, and facilitate 
project-based classes that solve problems using AI technologies. Chai 
et al. [36] emphasized contextualization in adopting TPACK to yield 
better factor structure and effectiveness. The earlier findings informed 
the basis for discussing teachers’ preconceptions of machine learning 
from the lens of the TPACK framework in Africa. Chai et al. [36] argued 
that teachers’ sense of themselves as highly adaptive professionals with 
pedagogical values of technologies concerning teaching emerging con-
cepts or subjects is essential and may influence their approaches as 
teaching evolves. 

A previous study by Chai et al. [36] presented seven TPACK con-
structs that are fitting and can be used in the context of teaching ma-
chine learning as presented below:  

i. Technological Knowledge (TK)–knowledge of how to operate 
computers and relevant machine learning tools. 

ii. Pedagogical Knowledge (PK)–knowledge of how to teach ma-
chine learning concepts, deliver the lessons on machine learning 
to students, and address individual differences.  

iii. Content Knowledge (CK)–subject matter knowledge on machine 
learning and related AI concepts  

iv. Technological Content Knowledge (TCK)–knowledge of how 
content can be researched or represented by technology, such as 
using a web-based application on the computer for machine 
learning.  

v. Pedagogical Content Knowledge (PCK)–knowledge of ways to 
depict and the methods of representing and articulating machine 
learning that make it understandable to others.  

vi. Technological Pedagogical Knowledge (TPK)–knowledge of how 
technology can facilitate pedagogical approaches such as the 
asynchronous discussion forum to support the social construction 
of knowledge. 

vii. Technological Pedagogical Content Knowledge (TPACK)–knowl-
edge of facilitating learning machine learning through appro-
priate pedagogy and technology. 

These seven TPACK constructs unveil the professional expertise 
required to support teachers’ successful technology integration in 
teaching machine learning. Machine learning concept is data and ICT- 
intensive, and therefore it is necessary to associate the success of 
teachers’ professional competence to the understanding and application 
of TPACK constructs. This study, therefore, engages the in-service 
teachers to understand their preconceptions about teaching machine 
learning in schools. 

2.2. Machine learning and teacher education 

Machine learning, a fast-growing field, can be seen as a critical 
technique for solving some of society’s most challenging problems. 
Pieces of evidence have shown the possibilities of teaching machine 
learning in schools as students are intimidated by or ignorant of the 
mechanics of AI. Teaching ML will help students gain confidence and 
interest in the topic and other computing concepts [43]. With the 
increasing call for action, ML has still not been generally adopted across 
countries, even though it has been recently integrated into the Israeli 

high school computer science curriculum [44]. It is, however, expected 
that candidates trained in teacher education programs would teach any 
of the specified focus of study within the K-12 levels. Teacher education 
is regarded as any of the formal programs that have been established for 
the preparation of teachers at the elementary to secondary school levels. 
Teacher Education is designed to educate professionals who can respond 
to the changing needs of the school and teaching profession. 

While machine learning education continues to grow at the K-12 
level and is widely introduced within the higher education level, most 
teacher education programs have not kept pace with the preparation of 
teachers to teach in K-12 settings. There are almost no examples of 
machine learning for K-12 in literature within the pre-service teacher 
education. It may, however, be argued that some universities include 
content related to machine learning within their standard technology 
integration course or a standalone course focused on machine learning 
content, as observed by Archibald et al. [45] in the case of distance and 
online learning. One example that stood out was a new machine learning 
module added to the Methods of Teaching Computer Science (MTCS) 
course as part of the teachers’ preparation program in an Israeli Uni-
versity. According to Mike and Rosenberg-Kima [44], the machine 
learning module provides a unique opportunity to teach pedagogy and 
content with the same subject matter [44]. 

To the best of the authors’ understanding, a teacher education pro-
gram for pre-service teachers to teach machine learning does not exist, 
and if any, it is minimal. All the attempts made across climes and 
countries to democratize machine learning are organized primarily in 
workshops and boot camps. Such workshops include an event-tagged 
education program to teach AI for thirty-four computer science teach-
ers from different secondary schools across the South Indian state of 
Kerala [46]. The program was conducted for two days with the primary 
objective to train teachers to introduce AI in their respective schools. Lin 
and Van Brummelen [13] also conducted a two-day co-design workshop 
with fifteen teachers to identify opportunities to integrate AI education 
into the core curriculum to leverage learners’ interests. An exemplar 
lesson plan that shows entry points for teaching AI in non-computing 
subjects was co-created by teachers and researchers where AI concepts 
were embedded into various core subjects. Relatedly, Zhou et al. [11] 
recruited eighteen in-service K-12 STEM teachers without CS/ML 
backgrounds from a teacher education course to explore the effective-
ness of an ML tool (SmileyDiscovery) in supporting teachers to teach ML. 
The study contains two sessions in two consecutive weeks. The findings 
confirm the effectiveness of the tool in helping teachers carry out 
ML-empowered scientific discovery (SD), design their own 
curriculum-aligned SD lesson plans, and simultaneously obtain a rapid 
understanding of k-means clustering. 

Even though concerted efforts are being made to integrate machine 
learning into a state-wide or country-wide curriculum globally, the 
process may take a long time before coming into realization. A teacher 
education program that includes artificial intelligence education and 
machine learning education for K-12 is required. Hence, we can be 
assured that grooming pre-service teachers specifically trained to teach 
AI and ML across all fundamental levels of education is guaranteed. 
Some gaps have been identified in previous studies as regards teachers 
and AI in K-12. Lindner and Romeike [8] found out that teachers 
perceive a lack of suitable teaching materials and best-practice examples 
and tools in AI. An international comparison was proposed to offer 
exciting perspectives insights into the teachers’ knowledge about AI and 
derive measures to support computer science teachers [8]. Opel et al. 
[47] also identified that computer science teachers often have only little 
reliable knowledge about AI and its social impact on our future. 

3. Method and context 

The research reported in the paper was conducted in the context of 
Africa within government-funded schools. Western and developed 
countries in North America, Europe, and some parts of Asia may not 
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experience issues such as unavailability of reliable technological infra-
structure, access to academic information, or uneven modernization and 
inequalities; however, countries in Africa, like some developing coun-
tries, are confronted with these issues [48]. The level of productivity, 
accessibility, quality of education, and overall economic development 
are affected by many issues in Africa. While African countries are 
enthusiastically embracing ICT for socioeconomic development, 
increasing our understanding of the possibilities of ICT and how to 
promote its adoption and use in Africa to benefit her people is of vital 
interest to researchers and practitioners alike [49]. According to Ponelis 
and Holmner [49], the situation in Africa is unique as she has some of 
the fastest-growing countries globally and, at the same time, some of the 
poorest people living in it. The authors further stressed that innovations 
in ICTs have meant that Africa is leading the world in mobile money, and 
in some countries, the penetration of mobile phones is above 100%. 

Besides, Allen [50] discloses that the relentless spread of networks, 
sensors, artificial intelligence, and automation drives a revolution to an 
unknown destination across the African continent. With the prolifera-
tion of emerging technologies in Africa, it is not inappropriate to initiate 
the discussion around teaching of machine learning in African schools. 
ICT is a vital tool to release the creative potential and knowledge 
embedded in people. The call to introduce machine learning education 
to K-12 schools has gained popularity in developed countries, especially 
in North America and Europe [6,2] but lacking in Africa [12][69]. This 
paper attempts to gather the teachers’ preconceptions about machine 
learning since the engine of beliefs drives instructional pedagogy [28], 
and will contribute to the development of machine learning education in 
African schools. 

3.1. Participants 

According to Shah et al. [19], an essential prerequisite of a phe-
nomenography study is to capture a range of experiences of the phe-
nomenon or to exhaust the variation in experiences. The purposive 
sampling method was employed to maximize the disparity among the 
selected respondents to capture different experiences of the in-service 
teachers. So, we ensured each participant taught computer science and 
had a computing-related degree with teaching experience that varies 
across schools. Besides, it is anticipated that the array of meanings 
resulting from this research could represent the range of meanings 
within the target population [51,1]. For anonymity, all the respondents 
involved were designated the letter T, "teacher," with the corresponding 
number when reporting the findings. 

According to Trem [52], the recommended sample size in phenom-
enography studies is within a target range of 10 – 20, taking cognizance 
of heterogeneity. Trigwell [53] also suggests that between 15 and 20 
participants is sufficient and concludes that 10 to 15 is the minimum for 
a reasonable chance of finding variation. Twelve (12) teachers 
comprising 2 female and 10 male participants based in high school 
(Grade 10–12) located in different parts of Africa were interviewed. The 
teachers were from high schools across 12 schools in three of the five 
regions in Africa. The regions include West Africa (Nigeria and Ghana), 
East Africa (Tanzania and Kenya), and Southern Africa (South Africa and 
Namibia). Two computer science teachers were interviewed in each of 
the six countries represented, which resulted in 12 teachers being 
interviewed. The choice of the countries or regions was an attempt to 
understand the perception of the emerging topic across the African 
context. Even though the aim is to cover the entire five regions of Africa 
(including Central and North Africa) utilizing a larger sample size, re-
sources and timing limited the scope. Hence, this study should be 
considered a preliminary finding rather than a comprehensive under-
standing of teachers’ pre-conception of machine learning education 
across Africa. While all the participating teachers are computer science 
teachers, their composition represented wide variations in teaching 
experience, academic qualifications, and age:  

• Gender: 2 females, 10 males;  
• Age range: mid-20 s – late 40 s;  
• Teaching grades: 10 – 12 grades;  
• Teaching experience: 2 – 10 years; 
• Academic qualifications: Bachelors in either Computer Science, In-

formation Technology, Educational Technology. 

We purposively selected computer science teachers because machine 
learning is an emerging concept in the K-12 context, assuming that the 
teachers will be familiar with it since it is a computing concept. Aside 
from that, the teachers had a computing-related qualification, possessed 
one pedagogy certificate, and confirmed that it is common to attend 
teacher training workshops organized by their respective government. 

3.2. Data collection 

Since interviews are the ideal data collection technique in phenom-
enography research [54], data utilized were gathered through 
semi-structured interviews. Semi-structured interviews are flexible and 
allow the interviewer considerable freedom in sequencing questions to 
investigate the topics of interest. According to Robson and McCartan 
[55], semi-structured interviews are suitable for small-scale projects in 
which the interviewer is closely involved within the research process to 
capture a range of experiences, such as in the case of a phenomenog-
raphy study. An interview schedule was utilized detailing a list of 
pre-established queries focusing on the pre-concept of teachers about 
teaching machine learning. Teachers’ pre-concept and knowledge were 
used to elicit their view on teaching machine learning to K-12 and its 
sustainability for development. Table 1 presents the interview schedule, 
which contains examples of steering questions used to investigate the 
pre-concept of teachers on machine learning. 

During the interviews, follow-up questions were used to obtain more 
information from the teachers to probe and gain more insight. Such 
phrases like "Could you elaborate more," "Could provide me with ex-
amples," and "How do you mean." 

Interview process: Interview invitations were sent to prospective 
participants via email and WhatsApp in September 2020. The interview 
invitation comprises a brief description of the aim of the research, which 
is to understand teachers’ machine learning pre-concept in K-12 
educational settings. The participants were contacted through the re-
searchers’ colleagues in the countries covered. There are no prior con-
nections with the interviewee other than informal chats on WhatsApp or 
Skype and voice calls to agree on their participation. The interviews 

Table 1 
Interview schedule to obtain teacher’s pre-concept about machine learning 
education.  

Introductory comments 
- The interviewer introduced themselves and explained the purpose of the interview. 
- The interviewer assures the participant about anonymity and confidentiality of the 
research process. 
- The interviewer asks for the consent of the participants to record the interview. 
The main body of the interview 
(follow-up questions were used to probe each question until the topic was 
exhausted) 
How would you define machine learning if you were to give a formal definition? 
How would you describe the relevance of teaching machine learning in high 
schools? 
What do you think about the resources to teach machine learning? 
What are your concerns about teaching machine learning as a teacher? 
What do you make of machine learning for sustainability? 
Pre-closure (summary) 
Would you like to add something besides the questions asked already? 
Summarize the main points that might have come up during the interview 
Closure 
- The interviewer appreciates the participant taking time to respond to the questions 
- The interviewer takes notes if the participant has additional remarks when off 
recording  
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were conducted between November and December 2020. The author(s) 
interviewed all the teachers at different times via three online media 
platforms (Zoom, Skype, and WhatsApp), which lasted for 30 min on 
average. The interview session was planned at the participants’ conve-
nience in terms of availability and preferred online platform after the 
date and time of the interview had been confirmed by each participant. 
The interviews were conducted in English language. All the interviews 
were recorded with the consent of the participant and were transcribed 
after that. The transcribed data from the interviews serve as the primary 
data for analyzing teachers’ preconceptions on teaching machine 
learning in schools. 

3.3. Data analysis 

The Phenomenography method [56] was adopted to analyze the 
transcribed teachers’ interviews grouped for each participant involved. 
Similar to the technique used by Åkerlind [51], the transcripts were 
analyzed iteratively. To gain familiarity with the teachers’ opinions, the 
transcripts were read several times. The main idea expressed in the 
transcript were highlighted using quotes that mainly describes the 
teachers’ perspective concerning teaching machine learning. These 
quotes were contrasted for similarities and differences that surfaced 
within the responses. The differences aided the identification of themes 
and the utterances within. For example, the following statement was 
illuminated as stating a teacher’s thought regarding teaching machine 
learning. 

Technology keeps changing these days rapidly, but artificial intelli-
gence and machine learning have come to stay. Introducing machine 
learning to high school students is a welcoming idea, even though I 
only took a course related to ML during my bachelor’s degree. Today, 
students are tech-savvy, and teaching machine learning concepts 
meets their needs. 

The above statement was marked as "supporting student technical 
knowledge" to recapitulate its connotation. A different teacher gave the 
following response: 

I think with rate at which emerging technologies penetrate our so-
ciety and lifestyle nowadays, we cannot shy away from getting to 
know at least the basics, especially the children. Teaching machine 
learning is relevant for the students, especially that the world would 
keep becoming sophisticated. 

"Relevant for students’ learning" was used to denote the main idea in 
the second statement by one of the teachers. Categories of teachers’ 
preconceptions of teaching machine learning to students emerged 
gradually by finding the similarities and differences in teachers’ signif-
icant points. The two illustrations stated above, and others reported as 
excerpts in the findings emphasized that teaching machine learning is 
relevant and meets the student’s needs. Therefore, a category of "sup-
porting student technical knowledge" was formed. Other sets of pre-
conception categories were generated using the earlier mentioned 
approach. Fig. 1 shows the summary of the patterns identified in the 
teachers’ notion during the interviews. 

Throughout the paper, the findings consistently focused on the 
teacher, student, and society.  

i. Teacher-focused: what concepts are needed to be learned? What 
tools and resources can/should be used? What are professional 
development opportunities available to help learn.  

ii. Student-focused: what students should learn.  
iii. Society-focused: related to sustainability. 

Each of the above patterns in the teachers’ preconceptions includes 
the one before, so the first has the narrowest focus (on the teacher’s own 
needs); the second includes both teacher and students; and the third is 
the broadest, considering teacher, students, and society. 

We kept a receptive mind during the entire analysis process so that 
the emergent themes were generated based on transcript data. We do not 
have pre-existing categories while repeatedly referring to original 
transcripts to understand the context and meaning of the emergent 
themes. This also confirms that the explanations were truly derivative of 
the data [57]. The process analysis was concluded when an established 
grouping regarding teachers’ preconception of teaching machine 
learning was gotten. Based on the approach of Hsieh and Tsai [1], 
feedback was sought from an experienced researcher for communicative 
check recommended by [58]. The preconcept categories gleaned from 
the data were finalized as a result of feedback received. Fig. 2 presents 
the teachers’ preconceptions generated from the interview data. 

4. Result 

4.1. Description of categories 

The phenomenographic analysis approach generated five diverse 
categories of teachers’ preconceptions about introducing machine 
learning in schools (as presented in Fig. 2). The experiential categories 
found are: (1) supporting student technical knowledge (2) having 
knowledge of the concept (3) focusing on professional development 
practices (4) contextualizing teaching resources and tools and (5) sus-
tainability for development goals. This section described the five cate-
gories and the excerpts from the teachers’ interview, followed by the 
categories’ distribution. 

4.1.1. Supporting student technical knowledge 
Machine learning was discussed in this category as supporting stu-

dent technical knowledge as it contributes to developing their mental 
models and abilities. Children and teenagers are tech-savvy, growing 
with innovative and intelligent devices embedded with machine 
learning applications. These devices are commonly used among them, 
and they frequently interact with the technology. Understanding how 
machine learning operates and how it affects society is germane to equip 
K-12 students with competencies needed to prepare them for workplaces 
where human-AI teaming is the norm. Teaching machine learning 
should be related to teachers’ interests, especially computer science 
education, since one of the underlying notions is introducing students to 
computing concepts and emerging technologies for personal skill and 
career development. 

T2. Technology keeps changing very fast. There is a need to teach how 
they work. 

T5. I think machine learning should be introduced to school since 
machine learning is inevitable in today’s world. 

T7. As for machine learning, I think it has to be taught. Children 
nowadays own many ML-powered devices, and it will be helpful to 
integrate teaching the basics in classes. 

T8. Students are tech-savvy, and teaching machine learning concepts 
meets their needs. 

The pre-concept pronounced in this grouping is a response to how 
teaching machine learning affects high school students. Teachers sensed Fig. 1. Summary of the patterns in teachers’ preconceptions.  

I.T. Sanusi et al.                                                                                                                                                                                                                                 



Computers and Education Open 3 (2022) 100072

6

the current pervasiveness of machine learning applications in devices, 
privacy, ethical issues of artificial intelligence algorithms, society, and 
how the technology affects students. Hence, the teacher stressed the 
need to teach the concepts to the students. 

4.1.2. Machine learning concept knowledge 
Through the courses offered by the teachers in their computer sci-

ence degree class, they considered themselves aware of the machine 
learning concept and its application. Machine learning was generally 
seen as a subset of AI, based on the idea that a system can learn from data 
and decide with the slightest human intervention. There were varying 
degrees of the denotation of machine learning through the teachers’ 
expressions in this category. 

T2. Machine learning is a subarea of artificial intelligence where the 
system can independently learn to do things like recognizing images 
etc., based on existing algorithms and datasets. 

T8. Machine learning is a system whereby computers learn how to do 
things independently without human intervention. It is an application of 
AI that is used in several sectors using robots. 

T9. My understanding of machine learning equips a machine with the 
necessary ability to understudy patterns and predict results based on the 
pattern the machine studied over the period. 

T5. I got to understand that machine learning operates or generate 
models based on experience 

In this category, the teachers described their understanding of ma-
chine learning with definitions and examples. The teachers demonstrate 
the basic knowledge of machine learning from the excerpts above, 
judging from their definitions and examples. This, however, does not 
connote that the teachers can apply machine learning algorithms or are 
empowered to teach the concept in schools. 

4.1.3. Professional development practices for teaching machine learning 
Teachers’ discourse in this category emphasized the lack of 

knowledge and training to teach machine learning in schools. The need 
for professional development training for teachers to teach machine 
learning to promote better learning outcomes is desired. 

T8. I can attempt to teach machine learning, but I will need a guide… 
it is a new concept for high school. 

T10. Teaching machine learning to students cannot just be imple-
mented unless teachers undergo some form of training 

T3. Having gone through just a machine learning course in bachelor’s 
is not enough for me to teach machine learning to students. 

T8. I do not have the training required to teach machine learning to 
students even though I understand what machine learning means. 

The need for a professional development program or training is 
evident as deduced from teachers’ expressions. As an emerging concept 
for K-12 levels, the teacher is expected to be the "knowledge source" that 
would unravel the idea or guide the students to the path of discovery. 
However, all the teachers sampled reported a lack of pedagogical 
knowledge to promote the concept in schools, especially in their 
domain. 

4.1.4. Contextualization of machine learning teaching resources and tools 
This category encapsulates teachers’ pre-concept of considering 

contextualized resources and tools for teaching machine learning in 
schools. Teachers emphasize the need for resources, materials, and tools 
that considers contextual factors. Being an emerging concept to be 
introduced to schools, it was argued that the materials, tools, activities, 
or teaching aids to facilitate instruction should be familiar to the stu-
dent. In this way, effective learning would take place. 

T8. If I teach machine learning, there should be a curriculum to guide 
the process. Then a syllabus to follow, which the government has 
approved. 

T2. We cannot begin to teach machine learning in our schools without 
having a formal directive from the ministry of education. Besides, we 

Fig. 2. Hierarchical categories of teachers’ preconception of teaching machine learning.  
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need to develop content based on our context and not just adopt the idea 
from other climes. 

T7. For me, the best approach to adopt in promoting this concept in 
school, which is even new to me as a teacher, is to utilize strategies that 
work best in our country. 

T10. Students will be fully equipped to know how machine learning 
works with familiar resources. 

Since the teaching and learning resources and tools are meant to 
make lessons engaging, learning easy, and enable teachers to express 
concepts easily, it is essential to introduce an idea. As expressed by the 
teachers in the excerpts above, resources and tools for teaching machine 
learning are germane to introducing machine learning concepts in 
schools especially considering contextual factors. Emphasis was laid on 
getting stakeholders’ input to have a robust curriculum design and tools 
that would yield the desired outcomes of raising children with machine 
learning literacy. 

4.1.5. Machine learning for sustainable development goals 
Categories 1 to 4 characterize teachers’ diverse pre-concept of ma-

chine learning inclusion in high school. The relevance of teaching ma-
chine learning, teachers’ knowledge of the concept, the need for 
professional training, and appropriate resources in categories 1 to 4 are 
geared towards effective machine learning instruction. However, this 
category is distinguished by teachers’ view of the sustainability of 
teaching machine learning, which relates to sustainable development 
goals (SDG). The relationship between teaching machine learning in 
schools and SDG was highlighted by teachers. Learning machine 
learning thus becomes a means of SDG. 

T1. Yes, it relates to quality education. In the sense that teaching 
machine learning will establish all-encompassing and non- 
discriminatory quality education and encourage lifelong learning 
prospects. 

T3. I think introducing machine learning to schools would inspire the 
students to be innovative. 

T5. Teaching machine learning meets the need of the future, and it will 
equip students for the future 

T12. Understanding how machine learning operates addresses in-
equalities. For example, when all students are empowered to gain cre-
ative and employable skills. This will, in turn, bridge the gap of 
inequality in whatever form. 

As deduced from the response of the teachers, introducing machine 
learning to students in schools will specifically fulfill SDG 4 (Quality 
Education), SDG 9 (Industry, innovation, and infrastructure), and SDG 
10 (reduced inequality) if implemented effectively. A quality education 
system should teach children how their world works and use technology 
to explore the world. Interestingly, today, both are increasingly driven 
by machine learning applications. Quality education should then lead to 
innovation. Thus, the knowledge of the intricacies and inner workings 
can prepare children for the fundamentals of innovation, allowing them 
to practice with innovation at an early stage. This will increase the 
number of research and as well as support domestic technology devel-
opment. In addition, as the entire generation of children is growing up 
with AI, the direr the need for education that prepares children for a 
world abundant in such technology. Teaching the basics of ML will also 
inspire the next generation of AI researchers and software developers. 

4.2. Categories and their distribution 

Since the preconception categories described in the previous section 

were shared other than the personal understanding of the teachers, their 
individual opinion might be spread across categories. Table 2 evince the 
rate of occurrences of the each of teachers’ preconceptions of machine 
learning across the different categories to fully understand in what way 
teachers preconcepts on teaching machine learning extend across cate-
gories. Like Hsieh and Tsai’s [1] approach, teachers’ preconception is 
plotted against the number of frequencies of each grouping in each of the 
answers from the teachers’ interview. For example, in Table 2, the 
preconceptions of teacher’s interviews on teaching machine learning cut 
across 1 to 4 categories, with the third category being the most 
mentioned theme (13). It can further be seen in Table 2 that aside from 
the focus on professional development that appeared in every teachers’ 
discourse, the frequency of occurrences is higher than in other cate-
gories. Closely followed is the need for contextualized teaching re-
sources and materials for teaching machine learning. 

5. Discussion 

This paper explored the preconceptions of teaching machine learning 
held by 12 African high school teachers and discovered five categories of 
preconception and how they relate. The following categories were found 
utilizing phenomenographic analysis from the teachers’ interviews: 
Supporting student technical knowledge, Having knowledge of the 
concept, Focusing on professional development practices, Contextual-
izing teaching resources and tools, and Sustainability for development 
goals. In a sense, this study result provides insight into how the involved 
teachers viewed the sense of introducing machine learning into high 
schools and what to be fulfilled to teach the concept effectively. 

The superficial preconception category found did not essentially 
focus on pupils. While the underlying motive is to ensure compelling and 
student-oriented learning opportunities, a comparable path moved from 
teacher-content oriented [59] to teacher-pedagogy-focused conceptions. 
Regardless of the teachers sampled from the different contexts within 
Africa, their preconceptions of teaching ML and relevancy for the K-12 
populace follow the same path. The teachers’ preconceptions primarily 
dwell on understanding the appropriate strategy to teach ML effectively, 
emphasizing the need for training. The result is in tandem with the study 
by Kim et al. [60] that stressed the necessity of teacher training. Kim 
et al. [60] stated that teacher training is needed because teachers need 
content knowledge such as problem-solving, reasoning, learning, 
perception, applied mathematics, cognitive/psychological/ethical AI. It 
is essential to mention that even though the teachers exhibit some 
knowledge of machine learning, the pre-concepts of teachers are rela-
tively superficial and show no technical depth. According to Lindner and 
Berges [9], much more elaborated knowledge needs to be demonstrated 
by teachers than their students to present a topic in class adequately. 
This again stresses the necessity of extensive training by experts. This 
study does not dwell on the teacher’s definition to describe the patterns 
or the misconceptions of machine learning which constitute a limitation. 

5.1. Preconceptions of teachers on machine learning from the lens of 
TPACK framework 

The groupings generated in this study could be additionally con-
trasted with the TPACK (technological, pedagogical, content knowl-
edge) technology integration framework [37] to gain a clearer idea of 
teaching machine learning in K-12. The framework conceptualizes 
teacher capacity and knowledge needed to integrate technology in-
struction [37]. Based on three primary knowledge forms, Technological 
knowledge, Pedagogical knowledge, and content knowledge. In the 
technological knowledge category, the concern is related to the 
knowledge of digital tools to use, and that would be most appropriate for 
the lesson or concept to teach. For pedagogical knowledge, the focus 
bothers on the instructional strategies needed to meet the students’ 
needs and the requirements of the lesson. Content knowledge indicates 
what to teach and knowledge of the subject. 
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Table 3 demonstrates the relationship between teachers’ pre-
conceptions of machine learning and the TPACK framework. In Category 
one, supporting student technical knowledge is positioned beneath 
technological knowledge. While the usage of smart and intelligent de-
vices does not necessarily translate to understanding how digital devices 
or applications operates, the notion that children are digital natives and 
uses ML-powered devices informed teachers’ decision to believe they are 
aware of the technology and will meet their needs and prepare them as 
future ML developers, engineers, and researchers. Category 2 corre-
sponds to content knowledge of machine learning. Through the courses 
offered in their bachelor’s degree classes related to machine learning, 
teachers can understand what machine learning means and how it can 
be applied for societal development. However, teachers’ knowledge of 
machine learning in this category does not translate to being empowered 
with the required mastery of the content to teach in schools. Category 3 
falls under pedagogical knowledge, which centers on teaching machine 
learning to students and approaches to be employed. The findings from 
this study suggest concerted effort should be made on professional 
development practices to teach machine learning in schools as teachers 
reported a lack of pedagogical knowledge to teach machine learning. 
Category 4 is positioned under content knowledge, geared towards the 
opinion that contextualized teaching resources or materials would 
provide a solid guide for teaching machine learning effectively. The last 
category, category 5, exemplifies the transformative power of under-
standing the essential and inner workings and their applications. It helps 
to meet the need of the future. It also fulfills some SDG goals, such as 
promoting quality education, innovation, and reduced inequalities, and 
these require teachers’ technological, pedagogical, and content 
knowledge. 

One of our findings was that most of the involved teachers’ main 

preconception categories were accumulated in Categories 3 and 4, as 
shown in Table 3. TPACK framework as utilized in this study translates 
to mean that pedagogical knowledge and content knowledge are lacking 
in machine learning, which would significantly influence machine 
learning in African schools. It becomes clear from the teachers’ response 
that despite their seeming knowledge of machine learning concept, the 
discourse centered on professional development and teaching resources. 
This study’s purpose is not to evaluate the competency of teachers to 
teach machine learning. However, if the emerging concept is generally 
adopted in schools, this might necessitate further sophisticated pre-
conceptions of machine learning among schoolteachers. 

This study has several implications for researchers, government, and 
practitioners. First, it shows a clear need for professional training and 
development on machine learning in schools, irrespective of the context. 
Especially that teacher education program targeted at training in-service 
teachers for teaching AI and ML is almost inexistence. We therefore 
recommend a hands-on training program focusing on teaching AI and 
ML as teacher education. Such training can also be organized as co- 
design workshops with researchers to co-create lesson plans and con-
tent with the in-service teachers. Second, contextualized resources and 
tools should be considered for effective ML instruction in school as 
deduced from the teachers’ discourse. This finding supports Burgsteiner 
et al. [61] and Lin and Van Brummelen [13] that existing resources are 
difficult to adjust to other contexts. Teachers need to be involved in the 
design of ML curriculum and tools. In this way, the teacher will be 
empowered with ML concepts, thereby supporting their students’ 
knowledge of ML basics with the overall goal of creating opportunities 
for innovation and sustainable development. 

5.2. Validity and reliability of the research 

Although the validity of qualitative research is difficult to establish, 
it is even more challenging as an aspect of rigor in phenomenography 
study of this kind since teachers’ view about a new topic such as ma-
chine learning may be too subjective. Validity in this phenomenography 
research is interested in the extent to which the research results agree 
with teachers’ perspective about machine learning education rather 
than how well the results correspond to the teaching and learning of 
machine learning concepts as it exists. One major threat to the validity of 
phenomenography research is description – the risk involved in inaccu-
rate or incomplete data [55]. To avoid the validity issue, all interviews 
were adequately recorded by the online media platforms used for the 
interview and an external mobile phone voice recorder to ensure that the 
whole conversations were preserved. The reliability of this study is 
confirmed by the structural relationship maintained among the cate-
gories, which serves as an indication of consistency among the cate-
gories. Besides, researchers’ misinterpretation is limited because of the 
collective structure of the phenomenography outcomes [62,63]. 

Table 2 
The distribution of preconceptions of teachers on teaching machine learning (Frequency).   

1 2 3 4 5  
Supporting student technical 
knowledge 

Having knowledge of the 
concepts 

Focusing on professional 
development practices 

Contextualizing teaching resources/ 
materials 

Sustainable development 
goals 

T1 3 3 8 10 2 
T2 4 3 13 6 0 
T3 1 2 6 5 1 
T4 0 1 5 1 2 
T5 3 3 9 2 0 
T6 4 2 4 2 0 
T7 3 2 5 4 1 
T8 6 5 6 4 8 
T9 1 3 4 1 0 
T10 1 2 6 2 2 
T11 0 2 6 2 1 
T12 2 2 4 5 4  

Table 3 
The relationship between teachers’ preconceptions of machine learning and 
TPACK framework.  

Preconceptions of 
machine learning held by 
teachers 

Technology Integration Framework 

Technological 
Knowledge 

Pedagogical 
Knowledge 

Content 
Knowledge 

1. Supporting student 
technical knowledge 

•

2. Having knowledge of 
the concept   

•

3. Focusing on 
professional 
development practices  

•

4. Contextualizing 
teaching resources/ 
materials   

•

5. Sustainability for 
development goals 

• • •
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5.3. Limitations and future research 

While this study contributes to teachers’ conception of emerging 
computer science education concepts, many questions remain unan-
swered. For example, irrespective of the seemingly small sample uti-
lized, which does not invalidate this study, the number of participants 
involved in investigating a research problem could be limited by in-
terviews. However, the survey approach provides an opportunity for a 
relatively large sample size but hardly permits a thorough and open- 
ended description of complicated constructs. New research methods 
and approaches other than interviews and surveys should be employed 
to provide a comprehensive overview. A draw-a-picture technique can 
better understand teachers’ conceptions of teaching emerging concepts 
such as ML. We could not assert the results and conclusions to be 
transferrable or applicable to other teachers in Africa, considering the 
sample size in each country or region. The lack of the participants’ 
composition to represent varied school subjects limits the insight 
derived from this research. Besides, the uneven gender distribution of 
the participants (Female: Male = 1:5) restricts the insight that could be 
generated along gender lines. Future research is encouraged to examine 
whether teachers with different educational backgrounds or subjects 
other than computer science may have different conceptions in inte-
grating machine learning concepts into schools. Considering partici-
pants from privately owned schools may generate more interesting 
insight since private schools are often perceived to be of better quality 
than public schools [64]. Future studies should consider comparative 
research of pre-service and in-service teachers across countries/regions 
and school types to understand their dispositions regarding ML concepts 
teaching in schools. Additionally, future research could further investi-
gate the conceptions held by students about machine learning to scru-
tinize how teachers’ and students’ conceptions of machine learning 
align to identify and address the potential gaps. 

6. Conclusion 

In this work, we examine teaching machine learning preconceptions 
held by teachers in Africa and identify core preconceptions and varia-
tions pertinent to the implementation of ML for K-12 in the context. 
Then, we discussed teachers’ preconceptions about teaching ML from 
the framework of TPACK’s lens. We adopted a phenomenography 
approach to understanding the preconceptions of K-12 computer 
teachers. Often, the decisions regarding how to teach an emerging 
concept and integrate it in class rest in the hands of teachers. As a 
relatively new subject of study to K-12 populations, it is pivotal to adopt 
and promote machine learning education to understand how teachers 
perceive its learning, application, and teaching. The findings of this 
paper could apprise teacher education and professional training initia-
tives to encourage machine learning education in K-12 settings. Based 
on the African research context, the results reported in this article 
highlighted the intricacies connected to introducing ML in settings with 
less developed technological infrastructure and pedagogical orientation 
for the emerging concept. Further study is required to inform further the 
design of professional training initiatives targeted at assisting K-12 
teachers to identify teaching practices to overcome contextual problems 
and indulge in practices that will arouse students’ interest and facilitate 
higher-level learning experiences. The findings provide a foundation for 
other studies and constructive insights for the development of machine 
learning education due to its infancy, especially in Africa. 
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