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Abstract

Instructional Design is a discipline and a science that has existed for decades. There
has been research done into the most effective instructional designs for different study
disciplines, the same cannot be said about machine learning. As ML is a relatively
young discipline, no research has been done into instructional designs and teaching
methods of machine learning. This paper investigates the existing instructional de-
signs of ML by analysing various bachelor ML courses at different universities, the
compare the results with the existing instructional designs at the TU Delft using the
help of interviews with the education experts at TU Delft in order to draw conclusions
regarding the differences and how to improve on the course at the TU Delft.

Keywords: Machine Learning, Instructional Designs, Educational Methods,
Technical University of Delft.

1 Introduction
Machine Learning (ML) is considered to be a subset of the methodology of Artificial Intel-
ligence (AI). It nowadays has a wide range of applications [1]. The most broadly used one
is making predictions regarding real world events, such as predicting the buying behaviour
of customers or estimating the price in real estate to name a few.

With all that in mind, today’s society has plenty of benefits from the rise of this field.
Machine Learning has been a hot topic in the world of Computer Science and Engineering for
a reasonable amount of time. Given the importance machine learning has, it is no question
that a certain level of proficiency in the work field is necessary. However, despite the hot seat
position of this field, we can see from statistics [2] that a high level of deep understanding
of the fundamentals of this topic is very rare, this in turn leads to scarcity in skill despite
the high demand. This is a clear problem that will only become more prominent the longer
it goes on. Tracing back the root of the problem, it can be assumed that education is one of
the possible causes of this problem. The way the fundamental concepts of machine learning
are taught is yielding a relatively lower number of highly proficient practitioners of machine
learning in the industry [2]. This brings us to reminisce about a quote from Amy J. Ko from
her blog post "We need to learn how to teach Machine Learning" [3] which outlines this
problem perfectly. One can then only ask the question, how can we improve the quality if the
education if it is indeed one of the causes of this problem? This is still quite a broad question,
which is why this research paper will attempt to analysing the different instructional designs
that are being used or are missing from the teaching of machine learning.

1.1 Research Question
The research question of this paper is: What are the existing Instructional Designs for
Machine Learning in the Computer Science (and Engineering) bachelor degrees
curricula and what can we learn from them for the Machine Learning course at
the TU Delft? which encapsulates many questions that need to be answered in order to
draw conclusions:

1. What is instructional design? [4]

2. What instructional designs exist in introductory machine learning curricula (Using
existing literature and different universities and educational entities as base)?
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3. What instructional designs from different universities are missing from the TU Delft
machine learning course?

4. What conclusions can be drawn from the results to improve the ML course at the TU
Delft?

The conclusions/hypothesis of this paper, which you can read further into the research,
will be a list of instructional designs that are missing from the TU Delft Machine Learning
course. Along side this conclusions about the differences in instructional designs will be
drawn after interviewing the TU Delft ML teaching staff.

2 Methodology
This research will require data to describe the characteristics of different instructional de-
signs/strategies and gain more in depth understanding of how ML curricula are built in terms
of topics covered. Thus, the type of data needed is qualitative as we need to explain the
instructional designs used by different universities and institutional entities. There are no
papers which attempt to answer related question to the one this paper attempts to answer.
For this reason primary data will be collected by doing own research using a taxonomy and
categorization strategy to identify the characteristics of different curricula and categorize
them in different groups in order to be able to make comparisons.

This research will look at curricula of different universities and institutional entities, for
this to be possible, a selection of what universities are included in the research needs to be
done. This is done with two categories in mind:

• Including multiple universities in the Netherlands as they are influential to/influenced
by the choices of the Instructional Designs at the TU Delft.

• Universities that are ranked highly in the department of Computer Science (and Engi-
neering) around the world. (Even though university rankings is not a perfect measure
[5] it will suffice for the purposes of this research paper).

This paper will also make two important distinctions:

• Distinction between Technical and non-technical universities as this fact might have
an effect on the content of various curricula.

• Whether the title of the bachelor degree is Computer Science or Computer Science
and Engineering. This might indicate that while the courses might attempt to teach
the same topics,the focus of the courses might be slightly different)

The method for collecting and analysing the data was the following. Making a selection
of universities the curricula of which will be investigated. Developing a taxonomy and a
categorization strategy that aid analysing data that are of importance for this research,
Looking both on the Instructional Designs used and the range of topics covered while taking
in mind the previous distinctions between universities. Based on the taxonomy, the catego-
rization strategy and the selected universities characterize different curricula and place them
in a table accordingly in order to facilitate comparison for experts. Present the findings to
the teaching staff at the TU Delft and make comparisons with the current curriculum’s In-
structional Designs used at the TU Delft course. Attempt to draw conclusions (hypothesis
of this paper) based on the feedback from the TU Delft teaching staff.
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With the resulting analysed data this paper will attempt to get answers to the research
questions

3 Literacy analysis
A challenge that poses in teaching machine learning to software engineering and computer
science students consists of changing the methodology from a constructive design-first per-
spective to an empirical one, focusing on proper experimental work [6]. This is currently
being done in a limited manner at universities due to the lack of research supporting the
effectiveness of adopting different instructional designs for the discipline of machine learning
than is being done for general computer science fields.

The topic this research paper investigates has not been well researched, there are no
studies that look at the instructional designs in teaching machine learning specifically, nor
are there comparisons drawn between the different teaching strategies/topics as this paper
attempts to do by analysing the curriculum of the TU Delft.

A first step into this study involves having clear definition of terms such as instructional
design, a list of instructional designs to observe in universities educational curricula of
machine learning and, most importantly, a target group of universities the curricula and
teaching methods of which will be investigated.

3.1 Target Researched Universities
In order to analyse the instructional designs of different universities, a selection of target
research universities needed to be made. To achieve this, the QS World University Rankings
[7] was used. A constraint that needed to be taken into account was the availability of the
teaching material for research and how transparent the teaching material was, which was
inspected by visiting various universities machine learning course teaching websites. Whilst
choosing the universities, it was of interest that the Computer Science bachelor study selected
group is diverse and expressive, for this reason it was taken into account whether it is a
Computer Science or Computer Science and Engineering bachelor. The following is the
selected group based on the criteria.

Figure 1: Selected Universities for the study

3.2 Instructional Designs
Instruction is described by Gagne [8] as an action of arranging the conditions of learning
that are external to the learner. Instructional Design can be defined in many ways, it is the
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practical application of this knowledge to create a situation where learning is most likely to
effectively occur. It advocates making use of the available research on how people think, how
people learn, the technologies available for communication. It is a discipline that constantly
looks to the findings of other disciplines (e.g., cognitive psychology, communication) to study
and improve methods of developing, delivering, and evaluating instruction and instructional
practices [9].

Instructional design is also defined as a process, most commonly known as ADDIE (figure
2), an acronym that describes the process of creating Instructional Designs: analyze, design,
develop, implement, and evaluate[10]. This method is used by instructional designers around
the world to create, analyse and assess teaching methods for specific disciplines.

Figure 2: the ADDIE process [11]

Based on this definition of instructional design, it was important to have a clear set of
definitions for various instructional designs of interest to this study. This was done in order
to observe certain characteristic of curricula in order to derive the instructional design used
[4] [12] [13] [14] (figure 3).
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Figure 3: Definition of various instructional designs

Based on the table of definitions of instructional design methods observed in this study,
it is notable that instructional designs can be divided into two main overarching categories.
Namely, student-centered and teacher-centered instructional designs. Theses are completely
different techniques of instructional designs with different focus, approach and manner of
assessment. The main difference is that in teacher centered approach, students’ focus is
completely on the teacher, whereas in learner-centred classroom, both students and educa-
tors have equal focus. Below is a table that shows compares the two in greater detail (figure
4).

Figure 4: Student-Centered vs Teacher-Centered instructional designs [15] [16]

Using the instructional designs defined by the research paper, along side the grouping cri-
teria created by the overarching teacher- and student-centered approaches, we can categorize
the instructional designs as shown below (figure 5)
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Figure 5: Instructional Designs Categories [12]

3.3 Literature Study Results
Now that this paper has defined the terminology needed to conduct research, the curricula
of the chosen universities was researched and instructional designs were observed. This was
done through examining the course catalogues of the introductory machine learning courses,
the method of assessment and the material used to teach the topics. The resulting data is
shown in the tables below (figures 6 7).
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Figure 6: University curricula results 1

Figure 7: University curricula results 2

Upon analysing the results, a few observations can be made:

• The prerequisites of all machine learning courses is similar to identical, having them
include: probability and statistics, multi-variable calculus and linear algebra. An
interesting observation however, is that machine learning courses of Computer Sci-
ence and Engineering bachelors contain algorithmic knowledge as a prerequisites while
Computer Science bachelors do not.

• All the machine learning courses with the exception of TU Delft dive into deeper topics
of machine learning, such as neural networks and reinforcement learning.

• All the machine learning courses with the exception of TU Delft have various methods
of assessing students knowledge as oppose to the course of TU Delft which only uses
a final exam for 100% of the students’ grade.
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Upon analysing the results, this paper created an overview of instructional designs used
at different universities (figure 8):

Figure 8: Instructional Designs used at different universities

Based on the definitions of the instructional designs, the existence of certain instructional
designs can be observered. It is observed that the course at the TU Delft uses straight-
forward classical instructional designs:

• Teacher based: The material of the course is taught weekly through 2 classical
lectures (Lecture based learning).

• Student based: To practice the material of the course, assignments are given to
students and made at labs with the presence of teaching assistants, who provide help
when the student needs it (Scaffolding). Using these assignments, other instructional
designs can be deduced, namely inquiry based and case based learning.

It can be noted from the table (figure 8) that other universities apply more instructional
designs than is done at the TU Delft. For example analysing the instructional designs
Stanford universities applies we can see:

• Teacher based: The material of the course is taught in class in classical lecture
manner (Lecture based learning). An optional discussion session is led weekly by
teaching assistants in an interactive manner (Directed discussion learning)

• Student based: Multiple Student based instructional designs can be observed:

– Students have to complete a project throughout the course, this utilizes multiple
instructional designs (Project based learning, problem based learning, cooperative
learning).

– Students have to complete mandatory weekly assignments which utilizes the (case
based learning and inquiry based learning) instructional designs.

– Weekly labs are held where teaching assistants only offer their help to students
in case it is needed which utilizes the (Scaffolding) instructional design.

– Before the lecture on Mondays, students are asked to watch pre-recorded lecture
sessions, which will be expended upon during the lectures on Monday. This
clearly utilizes the flipped instruction instructional design.
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As can be seen from the breakdown above, Stanford universities has a more diverse
set of instructional designs applied in the course of machine learning. This variation has
proven to provide students with a better learning experience, that is due to the fact that cer-
tain instructional designs and teaching methods can cover the other methods or techniques
shortcomings and make teaching enriched and more effective[17].

In order to draw conclusions and find points of interest in this data, a similar breakdown
of the various university machine learning courses has been made. Using this data, unstruc-
tured interviews were held with 3 of the head teaching staff of the introductory course of
machine learning at the TU Delft. In the following section the paper discussed the results
of these interviews.

3.4 Unstructured interviews with the TU Delft machine learning
teaching staff

Unstructured Interviews are interviews where neither the question nor the answer cate-
gories are predefined; instead they rely on social interaction between the researcher and the
interviewee[18]. This interviewing technique was used as the aim of this interview is to get an
in-depth understanding of the instructional designs used in the context of teaching machine
learning at the TU Delft. Furthermore, on the basis on the assumptions / interesting points
observed during research, this paper wanted to understand the phenomenon of interest from
the perspective of the people who are involved with it[18].

Unstructured interviews were conducted with the 3 head teaching staff of the course
machine learning at the TU Delft. Throughout this section, these teachers will be referred
to as teacher1, teacher2 and teacher3 in order to preserve their anonymity as per requested.
Below is an overview of the findings in the following structure: Each list item was an
interesting topic of discussion to the teachers, below each list item, the opinions of the
teachers is stated.
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Figure 9: Interviews with TU Delft ML teaching staff

4 Responsible Research
For this research paper ethical choices are of essence importance, be it in the selection of
university courses to evaluate or in the methods according to which to evaluate those. In
order to achieve that this paper ensures the use of academic honesty and proper citation
styles.

The steps that were taken to collect the data (see Methodology), the parameters cho-
sen to be of interest and the taxonomy according to which the data was categorized and
analyzed (see Methodology) were documented in detail such that the research results are
reproducible and repeatable. The data used in this research is available online for repro-
ducibility purposes hereby following the guidelines recommended by the Netherlands Code
of Conduct for Research Integrity[19]. However, for drawing the conclusions of this paper,
the expertise of 3 of the TU Delft Machine Learning teaching staff were consulted through
unstructured interviews. As the target group is relatively small for such a research, it could
be the case that different experts might have different opinions than the conclusions drawn
here. This paper uses interviews with TU Delft teaching staff to draw conclusions. Be-
fore the interviews all teachers participating in the study have signed a consent form to be
recorded, dictated, and so what is said could be used anonymously throughout this study.

5 Conclusions
This study looked at the instructional designs used in teaching introductory machine learning
courses in bachelor Compute Science studies. Firstly, it discussed various definitions of the
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term Instructional Design (1), being an action of arranging the conditions of learning that are
external to the learner in order to provide an efficient and enjoyable learning experience [8].
Then, the study looked at the existent instructional designs that are existent in introductory
ML courses at a group of university selected based on university rankings [5], in figures (figure
1) and (figure 5) respectively (2). The TU Delft was also considered as a part of the study
in order to discover any differences in the choices of instructional designs used. As for such,
many new instructional designs were observed by looking at the curricula of the universities,
the most important of which were documented in (figure 9) (3). Those findings are only
interesting in the right context, for that reason unstructured interviews were conducted
with 3 teachers of the head teaching staff of ML at the TU Delft. The analysis of this
research is found in the latter figure. Based on the data collected and analysed and the
interviews conducted with the teaching staff, a few instructional designs rise in popularity
among the teaching staff, which are implementable at the TU Delft and remain to be tested
for effectiveness and efficiency (4). The list is as follows:

• Interactive Lecture: By including interactive participation of the students during
lectures.

• Prior Knowledge Assessment: Using quizzes to test students knowledge of the
material after every module/topic.

• Flipped Instruction: Providing pre-recorded teaching material to students before
the lecture and using this knowledge to further expand upon ideas during the lecture,
or to help digest difficult topics.

These results deem interesting based on the research collected, the universities applying
them and the opinion of the teaching staff at the TU Delft. The following section discusses
possibilities and suggestions for further research in future studies.

6 future work
This research topic proved to be one yielding many interesting results which, unfortunately,
cannot be handled in this single research paper. The results of the research raises questions
that could be further researched which, due to the nature of this broad research, could not
have been answered here:

• This paper compares introductory courses of machine learning in bachelor studies,
how does that compare to those courses of master studies? Or more advanced courses
during the bachelor.

• It could be further research how, based on the results of this paper, one can design
and evaluate a new skill circuit model to teach machine learning at TU Delft.

• The results of this research were based on interviews with teaching staff of machine
learning at the TU Delft, which is a small target group and a slightly biased one at
that. It could be researched what the results would be according to students as a
target group by creating a learning activity and having students as the target group
to compare the effectiveness of applying the new findings in the learning activity.
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A Appendix

A.1 Machine Learning Topics Categorized

Figure 10: Machine learning topics

14



Figure 11: University covered topics
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