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learning sequences or progressions. The working group report
will contain descriptions of notional machines used at different
levels in education, in different countries, by many teachers.

ABSTRACT
A notional machine is a pedagogic device to assist the
understanding of some aspect of programs or programming. It is
typically used to support explaining a programming construct,
or the user-understandable semantics of a program. For example,
a variable is like a box with a label, and assignment copies or
moves a value into that box.

The resulting catalogue of notional machines will allow a
teacher to select a machine for a particular use, permit
comparison between them, and provide a starting point for
further categorization and analysis of notional machines.
Additionally, we will make more theoretical explorations. We
will explore a variety of presentational formats, examining what
is necessary and what superfluous; we will look for dimensions of
comparison and will examine how notional machines are
instantiated across the discipline. We argue that the creation
and use of notional machines is potentially a signature pedagogy
for computing [1] and that creating and using notional machines
represents a certain level of pedagogic sophistication that might
be an indicator of pedagogic content knowledge (PCK).

This working group will capture examples of notional machines
from actual pedagogical practice, as expressed in textbooks (or
other teaching materials) or used in the classroom. We will
interview at least 30 teachers about their experience with, and
perceptions of, the use of notional machines in teaching. Using
the interviews, we will work on devising and refining a form to
characterise essential features of notional machines. We will also
attempt to relate them to each other to describe potential
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1 What is a Notional Machine?

subgroup was formed to gather and examine practical examples
of notional machines. The small corpus collated there provides
preliminary work for the working group, and includes the
following:

First identified by du Boulay [2,3,4] a notional machine is a
pedagogic device to assist the understanding of some aspect of
programs or programming. It is normally associated with
teaching novices, but can also be applied in other teaching or
training situations with more expert participants. It is called
“notional” in the sense that what is being described is a
simplified, partially true, version of the truth. It is called a
“machine” because it describes both entities and their actions.
For example, a variable is like a box with a label, and assignment
copies/moves a value into that box.

●
●
●

2

A notional machine is not a mental representation in itself,
although learners will develop an understanding of the computer
and programming, and that understanding may well be
influenced by any notional machines that they have been
exposed to.
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For a beginner faced with learning how to design, code, test and
debug programs, there are three areas in which a notional
machine may play a role.

●

●

Objectives of this Working Group

This group has four objectives:
(a) To conduct a literature review, to ground and
inform the work;
(b) To capture examples of notional machines in use;
(c) To catalogue them in a common scheme; and,
(d) To arrange them in clusters or sequences.
The outputs of the working group will form the first
contextualized collection of notional machines from multiple
sources. We anticipate that it will not only provide a useful
collection for teachers, but also a foundational resource for other
researchers interested in this area [5] [6].

A crucial aspect of a notional machine is that it should simplify
an actual concept or skill as an aid to understanding. It should
also encompass the associated epiphenomena of programs and
programming, such as the names of program constructs, the
causes and content of error messages, the names on buttons in
the environment (e.g. “save”, “file” etc), the locations of files
containing programs, the difference between editing and
running a program and so on.

●

An interview protocol for eliciting notional machines.
A collection of more than 10 interview recordings and
transcriptions.
A rough working set of attributes to describe (and
potentially help classify) notional machines.

This work builds on initial activity undertaken at Dagstuhl
seminar 19281, Notional Machines and Programming Language
th
th
Semantics in Education, 7 -12 July 2019. The three organizers of
this working group participated in the Dagstuhl seminar.

The programming environment in which the program-ming
is to be undertaken. This includes the file system and tools
for coding, editing and debugging.
The programming language itself. This includes the basic
constructs of the language as well as any built-in language
features for aggregating small chunks of code into larger
units.
The tasks of programming, where the human, in a way, acts
as a “machine” undertaking actions such as coding,
debugging, editing and testing.
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3. Preliminary work
The proposal for this working group originates from Dagstuhl
seminar 19281, Notional Machines and Programming Language
Semantics in Education, 7th-12th July 2019. At this seminar, a
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