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Introduction
Machine learning research trends and gaps

There are several opportunities, problems, and potentials in teaching and learning that have
been opened up by the rapid advancement of technology (Chen & Tsai, 2021). Emerging
technologies like Artificial Intelligence and Machine Learning have created new problems in
comprehending its usage, application, and inner workings (ML). Human decision-making is
increasingly supported by Al algorithms and systems, which have begun to automate routine
jobs. There are many new responsibilities that come with Al, such as the development of new
ways to produce future knowledge workers that can engage successfully with Al and ML
technologies, which will need a new set of skills. Researchers, practitioners, and educational
stakeholders have made a concentrated effort to produce tools for teaching machine learning
(ML) to K-12 students.

The American Association for Artificial Intelligence Advancement and the Computer Science
Teachers Association created an Al curriculum for K-12 pupils (CSTA). Growing numbers of
tools and activities assist people understand Al and machine learning. This includes curriculum
and tool design, implementation, and evaluation. Only a few research have focused on
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instructors' roles in teaching and learning using AI/ML. Only a few research, such as Edwards
et al., have examined how Al knowledge may aid computer science professors in Germany
(2019). Also, Sanusi et al (2022) studied German teachers' Al preconceptions. Di Vaio et al.
(2020) and Tatar et al. (2021) studied teachers' opinions on Al education and co-designed Al
curriculum. But these studies can't show how Al and ML are viewed globally. Al has been
explored in various subsets and applications, but ML has been the focus. Only one study (Su
et al., 2022) looked at Machine Learning with K-12 instructors, assessing an ML tool for
teaching ML. This study tries to explore how high school teachers interpret machine learning
(ML). Not many research have been done on what teachers believe and do. Without teacher
buy-in and understanding of their own situations, implementing the course would be
challenging (Tatar et al., 2021). In computer education, context affects teaching and learning,
adding relevance and meaning to concepts. Article presents phenomenological study on
computer science teachers with diverse teaching backgrounds. In prior study,
phenomenography was utilized to investigate instructors' views on mobile learning (Chen &
Tsai, 2021), e-learning, online teaching, cloud-based applications, and ICT integration (Scherer
et al., 2018). In this work, phenomenography is utilized to compare teachers' machine learning
assumptions and opinions.

Educators' views on how students learn in computer education

Teaching and learning conceptions have long been seen as critical to effective methods of
instruction. To put it another way, research has shown that instructors' views of the world may
have a major impact on their teaching methods. (Yin et al., 2020). Teachers' concepts and
techniques have also been connected, showing a functional link between conceptions and actual
teaching practices. There is also evidence to support the idea that instructors' ideas about certain
topics have a significant impact on their classroom practices and the effectiveness of their
instruction. Teachers' conceptions, as stated by Yin et al. (2020) and others, are a multilayered
construct that may have difficult or even conflicting effects on their teaching methods. As a
result, it is critical to investigate how instructors see machine learning as an independent topic
(Tatar et al., 2021) or as part of a national curriculum. Computer-based learning subjects and
cognitive approaches that are likely to influence teachers' decision-making should be included
in teachers' concepts of students, class, society, and emotions (Yin et al., 2020). There has been
a considerable lot of investigation into how instructors see their own teaching methods.

It's imperative that instructors' perceptions about teaching machine learning be examined in a
research study for many reasons. It is clear that machine learning cannot be omitted from the
development and integration of machine learning into the mainstream educational curriculum
based on the rapid spread of machine learning in recent years. This is exemplified by earlier
studies, which show that the available teaching materials for machine learning are generally
used in conjunction with or as stand-alone courses that are difficult to adapt to different
educational settings (Tatar et al., 2021). This means that adopting an international or western-
centric approach may not be sufficient. Teachers must first believe in the importance of
teaching ML to young pupils and understand the same as Tarchi et al. (2022) asserts, that the
engine of beliefs is the one that drives instructional pedagogy.

Teacher education is affected because teachers have ideas about teaching ML. As ML
education is new to K-12, teachers' biases may impair their ability to teach ML concepts. These
lecturers' prior thoughts must be studied. In the fourth industrial revolution, computer science
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and engineering will be vital. Despite the importance of Al and machine learning, computer
science has a gender gap, low minority student participation, high dropout rates, and poor
retention. Complexities in computer science teaching need distinct strategies and
methodologies to comprehend and assist students learn. Computer science is believed to be
harder than other learning sciences, hence teachers' judgments will differ. The ideas that
students develop while studying computer science are important, but the ideas that teachers
develop should not be overlooked in computer science education. We also need to understand
more about our teachers and their expertise with machine learning. A phenomenographic
approach within an interpretative paradigm was used to get a better understanding of
instructors' preconceptions about machine learning and the impact it has on classroom
instruction. Interventions may be developed or changed to address individual requirements and
context awareness with a better knowledge of educators to drive the teaching and learning
process of the growing idea in schools.

Specifically, this study seeks to answer the following research question:
What are the perceptions of instructors in the field regarding teaching technology in schools?

The importance of researching the viewpoint of educators cannot be overstated. Teachers in K-
12 computer science (CS) have too frequently been forced to teach CS subjects without enough
consideration for their viewpoint. Even though their knowledge of machine learning is
currently limited, getting these educators' perspectives on the newly developing machine
learning idea can help it be used in schools practically. Contextual influences may be expected
on teachers' assumptions about machine learning in schools, since instructors' behaviors are
impacted by elements such as setting. Technologies of Information and Communication (ICT)
have seen rapid development (ICT). There is a significant disparity in Internet availability and
use throughout Africa. In the same way that ICT is gradually being included into the
fundamental educational level in schools, the ML idea will soon be adopted since it is a
worldwide project. Machine learning courses will soon be required for certain CS professors,
so be prepared. For many years, schools have struggled to teach computer science or ICT due
to a lack of resources, including infrastructure and equipment, competent instructors and
permanent technical support workers, among other issues. Because of the current status of
computer science education, instructors' perceptions of a novel computing paradigm will be
affected.

The theoretical foundation as well as the relevant research
Technical pedagogical subject matter expertise (TPACK)

Technology-enhanced teaching methodologies have been addressed since Seufert and
colleagues (2021) established the phrase "Technological Pedagogical Content Knowledge."
TPACK also describes instructors' capacity and knowledge to use technology in the classroom.
According to Lachner et al. (2021), TPACK is a seven-factor concept that describes instructors'
use of ICT in the classroom. Schmid et al. (2020) suggest TPACK integrates technical,
pedagogical, and topic knowledge to incorporate ICT into the educational process. To utilize
ICT to teach K—12 machine learning, instructors need three new constructs: technical content
knowledge, technological pedagogical knowledge, and pedagogical content knowledge.
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An educational program's ICT curriculum may be structured in accordance with the framework
of TPACK. Secondary computer science teachers' professional development on teaching using
technology is also supported by this research. As Seufert and colleagues (2021) found, the
TPACK framework may be used to evaluate what teacher competences are needed to teach Al
using technology successfully. The research suggests that instructors who teach Al to kids in
grades K-12 need TPACK in order to build, prepare, and manage project-based lessons that
use Al technology to solve issues. TPACK is more effective when used in context, according
to Lachner et al. (2019). Researchers used past results to develop a framework for exploring
how instructors perceive machine learning. It has been proposed by Lachner et al. (2021) that
instructors' perceptions of themselves as highly adaptable professionals with pedagogical
values of technology in regards to teaching new ideas or topics are crucial and may impact their
methods as teaching progresses.

Lachner et al. (2021) suggested seven TPACK constructs that are appropriate and may be
utilized in the context of teaching machine learning:

1. Knowledge of how to use computers and associated machine learning technologies is
known as "Technological Knowledge."

2. The second is pedagogical knowledge, which is the ability to educate students about
machine learning while also addressing their unique learning styles.

3. Subject-matter expertise in machine learning and related ideas in artificial intelligence (Al)

4. For example, utilizing a web-based application on a computer to do machine learning is
an example of technological content knowledge.

5. Pedagogical Content Knowledge is the ability to convey and explain machine learning in
a manner that others can comprehend.

6. Technical Pedagogical Knowledge: knowing how technology, such as asynchronous
discussion boards, may support cooperative learning. TPACK is knowledge about how to
teach machine learning using pedagogy and technology.

Seven TPACK components highlight the professional abilities needed to teach machine
learning using technology. Since machine learning is data and ICT-intensive, educators must
comprehend and apply TPACK. This research examines in-service teachers' views on machine
learning.

Artificial Intelligence and teacher education

Machine learning may help solve society's toughest problems. Machine learning can be taught
in classrooms, despite Al's scary mechanics. ML helps kids build confidence and passion in
computers. ML isn't widely recognized across nations, despite increased demand. It's in Israeli
high school computer science curriculum (Haenssle et al., 2018). Teacher candidates teach any
K-12 topic. Teacher education includes elementary and secondary school curricula. Teacher
education strives to generate adaptable instructors.

K-12 machine learning education is evolving and extensively employed in higher education,
but most teacher education programs haven't kept up with instructor training. Machine learning
is unusual in K-12 teacher education. Some schools teach machine learning in their standard
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technology integration course or in a separate course. An Israeli university's MTCS programme
now includes machine learning. The machine learning curriculum teaches methodology and
content, reports said (Haenssle et al., 2018).

No pre-service machine learning program exists, say the authors. Machine learning may be
made more accessible via workshops and boot camps. This workshop teaches 34 computer
science professors in Kerala, South India, Al (Chen et al., 2020). Two-day training provided
instructors Al abilities (Al). Tatar et al. (2021) organized a two-day co-design workshop with
15 instructors to integrate Al into the core curriculum. Teachers and researchers created an Al-
based lesson plan for math, science, and humanities. Su et al. (2022) investigated an ML tool
(SmileyDiscovery) for K-12 STEM teachers. Two-week study periods occur twice. The
platform supports educators with ML-enabled scientific discovery (SD), curriculum-aligned
SD lesson planning, and k-means clustering.

Attempts are being undertaken worldwide to integrate machine learning into state and national
curricula, although it may take a while. All states must train K-12 teachers on Al and machine
learning. Thus, pre-service instructors will be able to teach Al and ML at any level. Previous
studies on K-12 teachers and Al discovered certain flaws. According to Edwards et al. (2019),
Al educators lack relevant teaching materials and best-practice examples and tools. A global
comparison of teachers' Al ability was offered to provide intriguing insights on teachers' Al
knowledge and develop recommendations to aid computer science instructors (Edwards et al.,
2019). Also, computer science teachers have a weak knowledge of Al and its prospective social
consequences.

Context and approach

Publicly subsidized schools were used to perform the study. While nations like the United
States, Canada, Europe, and certain parts of Asia may not have to deal with problems like a
lack of dependable technical infrastructure, a lack of access to scholarly knowledge, or an
uneven modernization and inequality, others, like some developing countries, do. All of these
factors have an impact on economic growth and development in general. There is a rising
interest among scholars and practitioners alike in learning more about the potential benefits of
ICT and how to help governments accept and make use of it for the benefit of their citizens,
even though countries are embracing it with enthusiasm (Alhassan & Adam, 2021). According
to Alhassan & Adam (2021), the situation is unusual in that it contains some of the world's
fastest-growing nations as well as some of the poorest people. According to the authors,
advances in information and communications technology (ICT) have made it possible for
certain nations to achieve a mobile phone adoption rate greater than 100%.

Allen (2021) argues that the inevitable spread of networks, sensors, Al, and automation will
lead to a continent-wide upheaval. With so many new technologies, it's appropriate to teach
machine learning in schools. ICT unleashes people's creative and intellectual potential. In
developed countries, especially North America and Europe [6,2], the need for K-12 machine
learning teaching has surged. This research collects teachers' expectations about machine
learning since beliefs govern pedagogy. It'll help schools teach machine learning.
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Participants

One of the most important requirements for conducting a phenomenography research is to
collect as many different perspectives on a phenomena as possible, or to exhaust the spectrum
of possible viewpoints. Purposive sampling was used to ensure that the in-service teachers'
experiences were reflected in the data collected. Consequently, each participant was required
to teach computer science and have a degree linked to computers, as well as teaching
experience that varied among schools. Because of this, it is expected that the results of this
study would accurately reflect the variety of interpretations in the intended population
(Brennan et al., 2019; Chen & Tsai, 2021). All participants were assigned the letter T,
"teacher,"” with the associated number, in order to maintain their identities.

A sample size of 10-20 individuals is suggested for phenomenographic investigations,
according to Sanusi et al. Murillo & Hidalgo (2020) similarly recommends between 15 and 20
participants and finds that 10 to 15 is the minimum for a decent likelihood of discovering
variance. Interviews were conducted with a total of twelve (12) instructors, two of whom were
female and ten of whom were male. Teachers from 12 high schools in three of the five areas
attended the meeting. A total of 12 computer science instructors were interviewed in each of
the six nations covered. Each country or area was chosen in an effort to have a better
understanding of how people felt about this new hot subject. Even though the goal was to cover
all five areas with a higher sample size, re-sources and scheduling restricted the scope. This
study should be considered a preliminary discovery, not a full grasp of teachers' machine
learning beliefs. While all teachers were computer science professors, they varied in teaching
experience, academic degrees, and age:

* Gender: 2 girls, 10 boys;

* Age range: mid-30 s — late 50 s;

* Teaching grades: 10 — 15 grades; Teaching experience: 3 — 10 years;
« Bachelor's in Computer Science, IT, or EdTech.

Because machine learning is a new idea in K-12 education, we purposefully sought out
computer science instructors who were already well-versed in the field. Aside from that, the
instructors all had a degree in computer science, one in pedagogy, and all affirmed that they
regularly attend government-sponsored courses for teacher development.

The gathering and analysis of information

Semi-structured interviews were employed for phenomenography research. Semi-structured
interviews are adaptive and provide the interviewer leeway in how to ask questions. Semi-
structured interviews are best for small-scale research projects where the interviewer is directly
involved in the research process, such as phenomenography.

Interview questions were based on a pre-determined set of pre-conceived notions about how
instructors should approach teaching machine learning. We utilized teachers' pre-conceptions
and prior knowledge to extract their thoughts on K-12 machine learning instruction, as well as
the long-term viability of such instruction for students' overall growth. Sample questions for
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instructors' pre-conceptions about machine learning are included in Table 1, which includes an
interview schedule.

It was necessary to probe the instructors further with follow-up questions throughout the
interviews in order to get further insights. Asking for further information, "Could you supply
instances," and "How do you mean." This is how it works. Prospective interviewees received
notification of the interviews in September 2020 by email and WhatsApp. You will learn about
the research's purpose and the pre-conceptualizations of teachers in K-12 educational settings
in your interview invitation. Through the research team's colleagues in the nations they studied,
the volunteers were approached. The interviewee has just had informal WhatsApp or Skype
conversations and phone calls to agree to participate. November and December 2019 saw in-
depth interviews. Each professor was interviewed for 30 minutes on Zoom, Skype, and
WhatsApp. Having set the interview date and time, we could organize the session around each
participant's availability and online platform. English-language interviews were conducted. All
participant-permitted interviews were filmed and transcribed. Using interview transcripts,
teachers' machine learning teaching assumptions are investigated.

Table 1. Interview schedule to discover teachers' machine learning views.

Introduction

1. Interviewer introduced themself and stated interview purpose.

2. The interviewer guarantees anonymity and secrecy.

3. The interviewer requests permission to record.

Main body of the interview

(follow-up questions were utilized to investigate each question until the subject had been
exhausted)

1. Is there a formal definition for machine learning that you could give?

2. What are your thoughts on the value of teaching machine learning in high schools?

3. What do you think about the materials available to teach machine learning?

4. Teach machine learning as a teacher, what are your main worries and concerns?

5. Is it a good idea to use machine learning?

Prior to the finalization of the transaction (summary)

Is there anything else you'd want to add to the list of questions? Summarize the most
important things that may have been discussed throughout the interview.

1.The interviewer appreciates that the participant took the time to answer the questions.

2. The interviewer makes notes if the participant has further comments when the interview
is not being recorded.
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Data analysis

The transcribed teacher interviews were broken down by participant and analyzed using the
Phenomenography approach. The transcripts were examined iteratively in the same way as
Brennan et al. (2019). Several readings of the transcripts were required so that the authors could
get acquainted with the professors' points of view. In the transcript, lines that primarily
illustrate the instructors' viewpoint on teaching machine learning were included to emphasize
the core theme. We compared and contrasted the replies to see whether there were any
commonalities or discrepancies. The discrepancies made it easier to pick out recurring ideas
and specific statements within the text. Teachers' thoughts on teaching machine learning were
revealed by the following remark.

Despite swift technical developments, Al and machine learning will be around. Even though |
only took one ML course in college, high schoolers should study it. Teaching machine learning
satisfies tech-savvy students.

An "supporting student technical knowledge" annotation has been placed above this sentence
to better convey its meaning. Another teacher's response: | believe that given the pace at which
new technologies are becoming a part of our daily lives, we cannot avoid learning at least the
fundamentals, particularly for our youngsters. Students will benefit from mastering machine
learning, as the world continues to become more technologically advanced.

In the second statement, one of the instructors used the phrase "relevant for students' learning"
to describe the key point. There were a lot of parallels and variances in instructors' ideas about
how to teach machine learning to pupils. Teaching machine learning is relevant and satisfies
the requirements of students, as shown by the two examples given above and others published
as snippets in the conclusions. "Supporting student technical knowledge" became a new
subcategory. The above indicated method was used to construct additional sets of pre-
conception categories. Figure 1 summarizes the findings from the interviews with the
instructors.

Students, teachers, and society were all important considerations in this study.

1. Focused on the teacher's needs: what are the key ideas to be learned? What resources and
tools are available? Professional development possibilities may be found in many places.

2. Student-centered: a focus on the needs of students.

3. Sustainability is a societal issue.

Teacher- Student- Society-

focused focused focused

Figure 1. Summary of instructors' assumptions.
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Preconceptions about teaching may be broken down into three main categories: narrow (the
instructor's personal requirements), medium, and wide (teacher, students, and society).

Emerging themes were developed by keeping an open mind and listening intently to transcripts
as we analyzed the data. In order to comprehend the context and significance of the developing
themes, we are constantly returning back to the original transcripts. This also proves that the
explanations were derived from the facts, which is a good sign. To end the process study, a
pre-existing set of instructors' beliefs on teaching machine learning was gathered. Based on
Chen & Tsai, (2021), a communication check was requested from an experienced researcher.
As a consequence of the input obtained, the data's preconcept categories were refined. On the
basis of our interviews, we were able to derive certain generalizations about instructors (see
Figure 2).

Results

Teacher perceptions of machine learning in the classroom were divided into five distinct groups
using a phenomenographic analysis technique (as presented in Figure 2). Teaching materials
and tools are contextualized, students are supported technically, they understand the idea, they
concentrate on professional growth, and they are sustainable for long-term development
objectives, according to the categories of experiential learning identified. This part outlined the
five categories and extracts from the interview with the instructors, followed by the allocation
of the five categories.

Assisting students with their technical expertise

Students' technical knowledge was explored in this area since machine learning helps them
build their mental models and talents. Children and teens nowadays are well-versed in
technology, thanks to the proliferation of cutting-edge gadgets that include artificial
intelligence (Al) and machine learning. These gadgets are widely utilized by them, and they
regularly engage with the technology they use. Learning about how machine learning works
and how it impacts society is essential for preparing K-12 students for a profession where
humans and Al work together on a regular basis. One of the core principles of machine learning
is teaching students about computing ideas and developing technologies in order to help them
build their personal and professional skills.

T2: The pace of technological advancement is accelerating. How they function must be taught.

T5: | believe schools should teach students about machine learning, since it is unavoidable in
today's environment.

T7. 1 believe that machine learning must be taught. In light of today's widespread use of ML-
powered gadgets, it would be beneficial to include the foundations into classroom instruction.

Machine learning techniques are relevant to today's tech-savvy students.

Teaching machine learning to high school pupils has a significant impact on the pre-concept
pronounced in this subgroup. Many teachers were concerned about the impact that artificial
intelligence (Al) algorithms and the broader society would have on their children because of
the present widespread use of machine learning applications. This is why the instructor insisted
that pupils be taught these principles.
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The ability to understand and apply machine learning concepts

They thought they had a basic understanding of machine learning because of the classes they
took in their computer science degree program. Because of the premise that a system may learn
from data and make decisions with as little human input as possible, machine learning was
formerly considered a subset of artificial intelligence (Al). Teachers' phrases in this area varied
in their degree of reference to machine learning.

T2. On the basis of preexisting techniques and datasets, a computer system may learn on its
own how to perform tasks like recognize photos.

T8. The term machine learning refers to a system in which computers are able to learn on their
own, without any human involvement. Using robots and artificial intelligence, it's a common
occurrence in a variety of industry.

T9. As | understand it, machine learning gives a computer the capacity to analyze patterns and
anticipate outcomes based on the patterns that machine researched over time.

T5. I've learned how machine learning works or generates models based on experience.

Using definitions and examples, instructors in this area explained their knowledge of how
students learn using technology. The terminology and examples in the passages above show
that the professors have a basic understanding of machine learning. However, this does not
imply that professors may use machine learning algorithms or have the authority to instruct
students on the subject.

Teachers' conception of machine learning education

Student's focused Teacher's focused Society's focused

|

Focus on (
Sup'portlng Having knowledge professional Contextuallzlng Sustainable
student's technical of ML concepts development .::,"g.::::lfe development goals
practices L
Y T A
K A | Sp— )
Pervasiveness How students Professional
of ML P&';"“‘" are affected by development :’":: e L Lo
application | | Sthicalissues | by, o hnology and training ucation |l rastructure || equality
Definition of | | P of e | .
S applications tools pet

Figure 2. Categorizing professors' machine learning views.
Instructional methods for teaching machine learning that promote professional growth

Teachers' discourse in this area focused on the lack of training and understanding to teach
machine learning in schools. Teachers who want to teach machine learning to their students
should get continuing education credits.

Vol. 71 No. 3 (2022) 1676
http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
2326-9865

T8. Teaching machine learning in high school will need a guide, since it is an unfamiliar idea
to the students.

T10. It is impossible to deploy machine learning in the classroom without first providing
instructors with appropriate training.

T3. Teaching machine learning to students requires more than a bachelor's degree in the
subject.

T8. Despite my knowledge of what machine learning is, | lack the expertise necessary to
instruct students in its use.

Teacher expressions make it clear that they are in need of some kind of training or development
program for their careers. The teacher is intended to be the "knowledge source" that unravels
the notion or guides the pupils to the road of discovery at the K-12 level.

However, all instructors surveyed indicated a lack of pedagogical understanding to promote
the notion in schools, particularly in their own area.

Contextualization of training materials and tools for machine learning Using contextualized
materials and technologies for teaching machine learning in schools is the instructors' pre-
conception. Teaching materials, materials, and tools that take contextual aspects into account
are highly valued by educators. Materials, tools, activities, or educational aids used to help
students learn were claimed to be known to them as an emergent notion. This would be a good
approach to learn effectively.

T8. In order to teach machine learning, there must be a curriculum. Afterwards, a curriculum
authorized by the government.

T2: We cannot begin teaching machine learning in our schools until the ministry of education
issues an official mandate. For one thing, we need to generate our own material rather than just
copying ideas from other places.

T7. | believe the greatest strategy to take in promoting this notion in school, which is entirely
new to me as a teacher, is to use tactics that are most successful in our nation.

T10. Students will have a thorough understanding of how machine learning utilizes well-
known resources.

To make classes interesting and learning simple, it is necessary to include an idea into the
teaching and learning materials and tools. Machine learning resources and technologies are
relevant to the introduction of the ideas in schools, particularly when considering contextual
considerations, as mentioned by these instructors in the extracts above. In order to develop
curricula and tools that would help raise children who are machine learning literate, a lot of
emphasis was placed on gathering feedback from stakeholders.

The use of machine learning to achieve long-term societal objectives

Teachers' preconceptions regarding the incorporation of technology in high school are
characterized by the four categories listed above. Teaching machine learning is relevant,
instructors' understanding of the subject, the requirement for professional training, and
adequate resources are all directed toward successful machine learning education. Teacher
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perspectives on teaching machine learning in relation to sustainable development objectives
set this subcategory apart (SDG). Teachers emphasized the link between teaching machine
learning in classrooms and the SDGs. As a result, mastering machine learning techniques may
be used to achieve the Sustainable Development Goals.

T1. Yes, it has to do with the caliber of instruction. Learning how to teach machine learning is
a step toward creating a high-quality education that is open to all students, regardless of their
background or socioeconomic status.

T3. | believe that integrating machine learning to classrooms will encourage pupils to be
creative.

T5. Pupils will be more prepared for the future if they are taught how to use machine learning.

T12. Identifying and addressing inequalities in machine learning is addressed in T12. When,
for example, all pupils are given the opportunity to develop innovative and marketable abilities,
Inequality, in whatever shape it takes, will be reduced as a result.

To achieve SDG 4 (Quality Education) and SDG 9 (Industry, Innovation, & Infrastructure) and
decrease inequality, introducing machine learning to children in schools should be executed
properly.. Teaching students how the world works and using technology to learn about the
world is an important part of an effective education system. Intriguingly, machine learning
technologies are increasingly driving both of these processes today. Education that is high
quality should lead to new ideas. As a result, learning about the inner workings of things might
help youngsters develop the principles of innovation so that they can begin experimenting with
itata young age. This will enhance the number of studies and help the development of domestic
technologies. Education that prepares students for a future where Al is ubiquitous will be even
more critical when a whole generation of youngsters comes of age surrounded by it. The next
generation of artificial intelligence (Al) researchers and software developers will be inspired if
the fundamentals of machine learning (ML) are taught.

The distribution of categories

Because the instructors' preconception categories were provided apart from their own personal
knowledge, their opinions may be dispersed among categories. When analyzing instructors'
expectations about teaching machine learning, Table 2 shows how often each of the teachers'
preconceptions about machine learning occurs throughout the various categories. According to
the method used by Chen and Tsai, (2021), the preconceptions of teachers are compared to the
frequency of each category in the responses from the teachers' interview. Teachers' interviews
on teaching machine learning fall into one of four categories, with the third most often cited
topic in Table 2 (see Figure 1). (13). Furthermore, as can be shown in Table 2, the frequency
of occurrence is greater in the category of professional growth than in the other categories. For
teaching machine learning, there is a pressing demand for relevant teaching resources and tools.

Discussion

12 high school teachers' opinions regarding teaching machine learning were investigated.
Supporting student technical knowledge, having a working grasp of the idea, concentrating on
professional development practices, contextualizing instructional materials and tools, and
guaranteeing development objectives' sustainability were discovered via phenomenographic

Vol. 71 No. 3 (2022) 1678
http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
2326-9865

analysis of teachers' interviews. This study's results show how high school teachers evaluated
machine learning and how to teach it successfully.

Pupils were not the primary focus of the superficial preconceptions category. To guarantee that
students are getting the most out of their education, the emphasis has shifted from teacher-
content to teacher-pedagogy notions. It doesn't matter where the instructors studied come from;
their ideas about teaching ML and its applicability to the K-12 population are all on the same
page. ML instructors' assumptions center on how to properly teach the subject, with an
emphasis on the need of professional development. According to a research by Chassignol et
al. (2018), educating teachers is essential. Because instructors require topic expertise such as
problem-solving, reasoning, learning, perception, applied mathematics,
cognitive/psychological/ethical artificial intelligence (Chassignol et al., 2018), teacher training
is essential. Even if instructors have a basic understanding of machine learning, their
preconceptions are shallow and lack technical depth. By Sanusi and colleagues (2022),
instructors must display much more advanced knowledge than their pupils if they want to
effectively teach a subject matter.

To reiterate, the importance of rigorous training by professionals cannot be overstated. The
focus of this research is on machine learning patterns and misunderstandings, not on instructor
definitions.

Teachers' preconceptions about machine learning as seen via the TPACK framework

To have a better grasp on how to teach machine learning in K-12, the classifications made in
this research might be compared to the TPACK (technological, pedagogical, content
knowledge) integration framework (Schmid et al., 2020). Teacher ability and knowledge are
conceptualized in the framework (Schmid et al., 2020). With a foundation of technological,
pedagogical and content-related information. In the domain of technical knowledge, the focus
is on the ability to utilize digital tools that are suitable for the lesson or subject being taught. A
teacher's emphasis on pedagogical knowledge is on the teaching methods necessary to suit both
their students' needs and those of the lesson. What to teach and how to teach it are two aspects
of content knowledge.

Table 2. Teachers' ideas about teaching machine learning were surveyed (Frequency).

1 2 3 4 5
Supporting the | The ability to | Investing in | Contextualizing Goals for
student's understand professional | instructional a better
understanding | the ideas growth materials/resources | future
of technical
concepts

T1 |4 4 9 9 3

T2 |5 4 14 7 1

T3 |2 3 7 6 2

T4 |0 2 6 2 3
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5 |4 4 10 3 1
T6 |3 3 5 4 1
T7 |2 6 6 5 2
T8 |7 6 7 5 9
T9 |2 4 5 2 1
T10 | 2 3 7 3 3
T11 |0 3 7 3 2
T12 |3 3 5 6 S)

Table 3 shows teachers' misconceptions regarding ML and TPACK. Category 1 includes IT
help for pupils. Even though children are digital natives and use ML-powered devices, teachers
assume they are aware of the technology and will meet their needs and train them to become
ML developers, engineers, and researchers. Machine learning content knowledge is under
category 2. As part of their bachelor's degree program, teachers will study about machine
learning and how technology may be used to improve the lives of their students and the
community. Teaching in schools requires more than a grasp of machine learning; it also
requires a command of the subject matter. This category focuses on teaching students how to
use machine learning and how to use it in their own work. As instructors acknowledged lacking
pedagogical skills to teach machine learning in schools, this research recommends a focus on
professional development methods. Under topic knowledge, category 4 focuses on teaching
machine learning successfully through contextualized teaching tools or materials. Category 5
illustrates the transforming force of comprehending the essential and inner workings and their
applications, and it is the last category. It helps in preparing for the future. SDGs like improving
educational quality and reducing disparities can only be achieved with the help of instructors
who are well-versed in the latest technologies, as well as in pedagogy and subject matter.

According to Table 3, we discovered that the most common preconceptions of the instructors
participating were grouped into Categories 3 and 4. A key finding of this research is the absence
of a TPACK framework in machine learning, which implies that pedagogical and content
knowledge are both missing from the technology. The responses of the instructors reveal that,
despite their apparent familiarity with machine learning concepts, the conversation focussed
on professional development and teaching resource options. No, this study's goal isn't to
determine whether or whether professors are capable of teaching machine learning. Educators
may need to develop more nuanced preconceptions about machine learning if the new notion
is widely implemented in classrooms.

Table 3. Teachers' perceptions of machine learning and the TPACK framework.
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Teachers' misconceptions on machine | Technology Integration Framework

learning - -
Technological | Pedagogical Content
Knowledge Knowledge Knowledge

1. Assisting students with their | *

technical knowledge

2. Understanding the notion. *

2. Understanding the notion. *

4. Contextualizing educational tools *

and materials

5. Sustainable development is essential | * * *

to achieving the stated aims.

Academics, politicians, and practitioners may all benefit from this work. First, it shows the
need for machine learning training and growth in schools. That Al and ML teacher education
program is basically nonexistent. As a result, we suggest a hands-on training curriculum that
teaches Al and ML. In-service teachers and researchers may work together to develop lesson
plans and discuss ideas in co-design workshops. The instructors' discourse indicates that
contextualized materials and tools are necessary for successful ML education in the classroom.
As Cruz-Jesus et al. (2020) and Tatar et al. (2021) have shown, it is challenging to adapt
already-developed resources to new situations. Teacher participation in the development of ML
curriculum and tools is critical for success. As a result, the instructor will be better equipped to
help pupils learn the foundations of machine learning, which will open up new doors for
innovation and long-term growth.

Validity and trustworthiness of the study

Teachers' views on a novel topic like machine learning may be too subjective for an objective
evaluation of the validity of qualitative research, which is much more problematic in
phenomenography studies of this sort. Researchers in this field are more concerned with
whether or not the findings coincide with instructors' perspectives on machine learning
education than they are with how closely the findings match up to actual classroom activities
for teaching and learning machine learning principles today. Incorrect or inadequate data is a
hazard to phenomenography study validity. To ensure credibility, all interviews were captured
using internet media platforms and a cell phone voice recorder. In this research, the structural
relationship between categories confirms the study's credibility. Researchers can't misinterpret
phenomenography data due to their collective structure.

Limitations and new research

Much remains unexplained despite the contributions this work has made in terms of teaching
computer science principles. As an example, despite the relatively modest sample size, this
study does not invalidate since interviews might restrict the number of individuals interested
in a research topic. A high sample size may be achieved by the use of a survey methodology;
however, this method does not give the possibility for a full and open-ended description of
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complex topics. Methods other than interviews and surveys are needed to get a complete picture
of the situation. ML, for example, might benefit from an approach known as the “draw-a-
picture” to better comprehend instructors' thoughts of teaching new topics. Because of the small
sample sizes in each nation or location, we could not be certain that our findings and
conclusions would be relevant to other instructors. The results of this study are hampered by
the fact that the sample size is too small to adequately reflect a wide range of academic
disciplines. Because of this, it is difficult to draw conclusions based on the gender distribution
of participants (Female: Male 1:5). To better understand how instructors with expertise outside
of computer science think about incorporating machine learning into the classroom, further
study like this is welcomed. It may be more intriguing to look at individuals from private
schools since they are believed to be of higher quality than public institutions. There should be
more comparative study on the attitudes of preservice and in-service teachers in different
countries/regions and kinds of schools about ML ideas in the future. In addition, future study
might examine how instructors' and students' perceptions of machine learning are aligned to
detect and rectify the possible gaps in their understanding of machine learning.

Conclusion

Teachers' assumptions about teaching machine learning are examined in this study, and we
identify basic preconceptions and variants that are relevant to the application of ML for K-12
in the setting. Our next discussion revolved on instructors' ideas about teaching mathematics
(ML). Phenomenography was used as a method to get insight into the assumptions of K-12
computer educators. Teachers are often in charge of deciding how to incorporate a new subject
into the curriculum. As a relatively new field of study for students in grades K-12, instructors'
perceptions of machine learning's learning, application, and instruction are critical to better
comprehend. Teacher education and professional development efforts that promote machine
learning instruction in K-12 settings should benefit from the results presented in this research.
Because of this, the findings presented in this study provide light on the complexities of
teaching Machine Learning to students in environments with less established technical
infrastructure and pedagogical perspective. Professional training efforts aimed at helping
teachers in K-12 schools find teaching approaches that will help them overcome contextual
challenges and engage students in higher-level learning experiences need to be studied further.
Due to the immaturity of machine learning education, the results serve as a basis for future
research and give constructive insights for the growth of the field.
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