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Abstract
Machine Learning(ML) has an overarching impact, yet misconcep-
tions about its fundamentals result in unrealistic expectations. This
highlights the need for targeted educational research on how to
effectively teach ML to both professionals and the general public.
This thesis explores the knowledge required to learn ML, with a fo-
cus on mathematical skills, their impact on learning, and strategies
for adapting instruction to different levels of math proficiency.

CCS Concepts
• Social and professional topics→ Computer science educa-
tion.
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1 Context and Motivation
Machine learning (ML) is a branch of computer science that focuses
on methods to learn from data and improve their performance over
time, being related to pattern recognition, computational statis-
tics, and artificial intelligence [3, 8]. This technology has become
increasingly widespread across professional fields, from industry
4.0 to creative industries. This overarching application creates a
growing need for ML education across diverse audiences. However,
a solid understanding of ML is often difficult to achieve, particularly
due to the complex concepts that stand behind ML methods [5].
This gap between the widespread use of ML and the understanding
of its fundamental principles has led to misconceptions about its
capabilities and limitations [10].

Due to the aforementioned reasons, the field of ML educational
research is starting to gain popularity. This effect is mainly influ-
enced by the need for a clear and researched framework for teaching
ML [6], as well as the need to educate tomorrow’s users of ML and
AI technologies. As suggested by Sarkar et al. [9], teaching a subject
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requires knowledge about difficult topics to learn, misconceptions,
prerequisites needed for certain topics, and how students approach
learning.

In this context, one challenge to be explored is the strong con-
nection between ML and complex prerequisite knowledge, such
as mathematics and statistics [1]. These mathematical foundations
are crucial for understanding core ML concepts, but they often
represent a barrier in students’ learning.

2 Background
Mathematics represents a fundamental prerequisite for understand-
ing and applying ML. At the same time, math and abstract concepts
are believed to make ML difficult to learn and consequently to teach,
as suggested by [5].

Since this perceived difficulty is generated by the abstraction
level of mathematics concepts, it is relevant to analyze the Pedagog-
ical Content Knowledge (PCK) researched in the context of math
education. There is a systematic review [2] exploring how PCK has
been conceptualized and studied in mathematics education. This
review provides a foundation for understanding how mathematical
knowledge is currently taught.

In the context of ML education, Grabarnik et al. [4] address the
importance of prerequisite knowledge, using linear algebra as a
key example of foundational math for STEM disciplines. Similarly,
recent research introduces the concept of just-in-time prerequisites,
which integrate math concepts into an ML course as needed, rather
than refreshing all prior knowledge at the beginning of the course.
This approach also aligns with the research performed by Maass
et al. [7] that emphasizes the importance of mathematics education
and suggests a better integration of it with STEM education.

Starting from this existing research, the goal is to explore the
mathematical foundations necessary for learning ML, examining
their impact on comprehension and identifying strategies to adapt
instruction based on learners’ mathematical backgrounds.

3 Problem Statement
ML education is gaining relevance in various fields while existing
educational approaches either oversimplify the subject or ignore
the role of mathematics in understanding ML concepts. The lack
of clarity on how mathematical skills influence ML education rep-
resents a research gap and this study aims to investigate it. At the
same time, it focuses on adapting ML education based on students’
varying levels of mathematical proficiency.

To address these issues, the following research questions will be
considered:

RQ1: What is the current status of Machine Learning education re-
search? What are the identified challenges and the proposed strategies
related to foundational knowledge in Machine Learning education
research?
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RQ2: How do math skills influence the learning experience of ML
students?

RQ3: How do mathematics refreshers influence the learning experi-
ence of ML students as measured by learning outcomes and percep-
tion?

RQ4: How can ML education be adapted based on the math skills
of the students?

4 Research Goals
The first goal of this thesis is to explore the role of math prerequi-
sites in ML education and their impact on learners’ understanding
of ML concepts. Specifically, this study aims to determine the math-
ematical barriers that students encounter in their process and how
these affect their learning. In the same time, this research aims to
determine how effective math refreshers are in the context of a ML
course.

Besides knowledge acquisition, this study also investigates non-
cognitive learning factors, such as motivation, self-efficacy, and
attitudes toward ML. Understanding how students perceive their
ability to learn ML, and how their motivation evolves during the
learning process will provide deeper insights. These learning fac-
tors will be studied in the same context, namely the one of math
prerequisites.

This dual focus helps retrieve the general view of student learn-
ing, aiming to improve the conceptual understanding and to foster
a more positive and sustainable learning experience.

5 Research Methods
This project will use multiple methods, combining qualitative and
quantitative methodologies to analyze different aspects of ML ed-
ucation. First, a systematic literature review will be conducted to
describe the current state of ML education research, identifying
existing patterns, themes, challenges, and strategies in teaching ML,
with a particular focus on foundational knowledge. This review will
help establish a base for subsequent analysis. Second, a math prereq-
uisite intervention will be implemented within a Bachelor-level ML
course. This intervention will aim to examine how targeted instruc-
tion in mathematical foundations influences student understanding,
engagement, and overall learning outcomes. Data collection will
include pre- and post-tests, and student feedback. More than that,
common problems students face while solving ML assignments
will be collected using a language model system that provides per-
sonalized answers to students. Last but not least, analogies will
be developed and introduced in teaching ML, especially for con-
cepts that were identified in aforementioned studies as difficult to
understand.

The studies will include participants from varying academic
backgrounds with different levels of mathematical proficiency. A
combination of different methodologies will be used to collect objec-
tive performance data and subjective measures such as motivation
and self-efficacy. This mixed-methods approach will provide an
understanding of how mathematical prerequisites influence ML
education and inform the development of effective teaching strate-
gies.

6 Contributions
This study aims to make the following contributions to the field of
ML education:

(1) Comprehensive analysis of the current state of ML education
research seen through the lens of mathematics

(2) Math prerequisite intervention in Bachelor level ML course
(3) Personalized system identifying common problems students

face while solving ML assignments, and providing help
(4) Analogies in explaining difficult ML concepts
The first contribution will identify challenges and trends with a

focus on prerequisite knowledge, particularly in mathematics. This
will help sketch the research landscape and gain information for
future research. More than that, it could serve as inspiration for
instructors developing or improving an ML course, since it will
include ML topics, and existing teaching strategies. In terms of
progress, the research associated with this contribution is currently
ongoing.

The second contribution will be the development and evaluation
of a math prerequisite intervention to support students. By assess-
ing the impact of targeted mathematical instruction, this research
will offer evidence-based recommendations on how integrating
mathematical foundations can enhance ML learning outcomes. This
study is planned to be executed starting academic year 2025/2026.

Overall, this researchwill offer insights into the role of mathemat-
ical prerequisites in ML education, propose strategies for improving
instructional approaches, and contribute to the broader discussion
on how to make ML education more accessible and effective for
diverse learners.
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