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Abstract

Database education is a cornerstone under many of the more pop-
ular topics in computer science such as machine learning and vi-
sualization. Although, in recent years, more fundamental research
into database education has come out, there are many more ways
in which it can be extended. Research on the practice of teaching
databases, namely on the educational materials and explanations of
teachers, can help us create new building blocks for fundamental
research. This working group aims to collect and present notional
machines of different types, for a wide range of database subtopics.
These materials offer and updated context for database educators to
design their courses from, as well as open up pathways of further
research into database education.
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1 Background

There is a growing demand for computer and data scientists, statis-
ticians, and other STEM professionals who can manipulate data.
Data processing, and especially data transformation, are at the core
of data-driven projects. Much of the work of data scientists is in-
herently data processing work; this accounts for more than 70%
of their time, which is significantly more than the time spent on
other data pipeline tasks such as model selection, training, and
deployment [2]. This also applies to Al projects, with enterprises
spending the majority of their time and resources wrangling data
[1]. Furthermore, these competencies do not apply only to data
scientists; many STEM workers are also required to be proficient
in their knowledge of computing for data processing [6].
Databases courses are the primary place in computer and data
science curricula in teaching about data processing. There, students
are taught about data modeling and data operations such as projec-
tions, aggregations, filtering, grouping, joining data collections, etc.
From computing education research focusing on SQL, and specifi-
cally from studies on student errors [10] and misconceptions [7],
we know that these topics are challenging for students to master.
To support knowledge transfer about challenging concepts, ed-
ucators often employ notional machines. Notional machines are
pedagogic devices that support explaining and understanding com-
plex concepts through representations (such as visualizations or
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tool-supported representations of program executions) or analogies
(such as concept metaphors, for example, discussing a program-
ming variable as a label or a box) [3]. Notional machines have
been researched for CT concepts such as sequences, repetition, and
conditionals [5, 8], but not yet for database concepts.

2 Goals of the proposal

The primary objectives of the working group are (i) to develop a tax-
onomy/categorization of the notional machines identified through
empirical methods and (ii) to evaluate to what extent the concept
of a notional machine as currently defined for programming educa-
tion can be applied to database education contexts. In our working
group, we build on the work of Fincher et al. [3] and the categories
of applied notional machines they defined: machine-generated rep-
resentations, handmade representations, and analogies.

Insights into notional machines for database education have two
major benefits. First of all, research into misconceptions and errors
becomes more straightforward as a taxonomy presents a starting
point for investigating thought processes. Second, the notional
machines can provide a rich context for database teachers to utilize
in their course (re-)designs.

3 Methodology

We start this project by updating and scoping the literature re-
view done by Fincher et al. [3] in their WG on notional machines,
specifically focusing on the period from 2020 until now.

Then, for the uncovering of notional machines, we gather mate-
rials of different types:

o Textbooks. A preliminary study of literature on database text-
books led to the list of books in Table 1, ordered from most men-
tioned to least mentioned and then sorted by recency. One of our
proposed WG leaders has students working on identifying analo-
gies in some of these textbooks, which provides a good starting
point for this research.

e Education material, such as video lectures, handouts and visu-
alization tools, used in the (introductory and advanced) database
courses of the participants and/or their institutions. We could also
include some lecture observations here, where feasible.

e MOOCs. MOOC analysis of notional machines on variables has
been done by before by Van Der Werf et al. [12], we could follow a
similar process.

e Popular tutorials on YouTube. One of our WG leaders has a
student creating a dataset of YouTube tutorials on databases, from
which we could analyze the most popular videos per topic.

We organize the materials by topic, separating into partitions
that will be analyzed by different groups. This helps us identify
patterns in the use of notional machines. The topics are:

e Query languages

o Information Retrieval and Data Mining (as part of data sys-
tems resources).

Conceptual modeling

The query processing pipeline

Data storage and indexing

Design theory and normalization
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Textbook Author Ed. Pub Mentioned

Database Systems: A Practical Ap- Connollyetal. 6 2014  [4,9, 11]

proach to Design, Implementation, and

Management

Database Management Systems Ramakrishnan 3 2002  [4,11]
etal.

Database System Concepts Silberschatz et 6 2011 [4,11]
al.

Database Systems: The Complete Book ~ Garcia-Molina 2 2008  [4, 11]
etal.

Fundamentals of Database Systems Elmasri et al. 7 2015 [9, 11]

Modern Database Management Hoffer et al. 12 2015  [4,9]

Data Modeling Essentials Simsion et al. 32004 [11]

Learning SQL Beaulieu 2 2009  [11]

Introduction to Database Systems Date 8 2003 [4]

Introduction to Database Systems Bressan et al. 1 2005  [4]

A first course in database systems Ullman et al. 3 2007  [4]

Readings in Database Systems (the red ~ Hellerstein et 4 2005  [4]

book) al.

Essentials of Database Management Hoffer et al. 2014 [9]

Database Processing: Fundamentals, Kroenke et al. 14 2016 [9]

Design, and Implementation

Table 1: Database textbooks mentioned in earlier research
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