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ABSTRACT
Programming plays a paramount role in many educational policies
and initiatives. However, the current focus on coding skills poses the
risk of giving students an overly simplistic and impoverished idea
of what programmingmeans and involves. Their experiences would
be much more significant if learning encompassed understanding
the richness of the nature of programs.

Programs permeate our lives more inextricably than might often
be recognised, and all citizens of the digital era could benefit from
understanding their multifaceted nature. A fundamental component
of such an understanding is getting a sense of how programs are
created and work (i.e., the programming process).

But programs are strange creatures that escape simple defini-
tions. To the best of our knowledge, there is no Nature of Programs
framework that teachers and policy makers can use to shape their
practice and targets. In this working group we developed such a
framework, by collecting and organising contributions from the lit-
erature and the computer science education community. The paper
presents the framework and the rationale behind its development. It
is anticipated that the framework can be used to inform the design
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of sound curricula, and support teachers and learners to understand
the bigger picture around programming.
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1 INTRODUCTION
We still think too readily of programs as just being for compila-
tion. We should think of them also as being for communication
from ourselves to others, and as vehicles for expressing our own
thoughts to ourselves.

Thomas R.G. Green (1990) [61]
Because software seems to be an intangible intellectual product
we can colour it to suit our interests and prejudices. For some
people the central product of software development is the com-
putation evoked. For some it is the social consensus achieved
in negotiating the specifications. For some it is a mathemat-
ical edifice of axioms and theorems. Some people have been
pleased to have their programs described as logical poems.
Some have advocated literate programming. Some see software
as an expression of business policy.

Michael Jackson (1985) [78]
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Programs are all around us, and they are becoming a significant part
of daily life; they are relied on to wake us up, check the weather,
communicate with friends and colleagues, plan our transport, order
food, and are essential tools in many forms of employment. The
significance of computer programs in daily life is reflected, for ex-
ample, by the inclusion of programming as a key digital competence
in the DigComp Framework [31], and teaching programming in
K-12 education has been widely promoted [51].

Programming has been taught in tertiary institutions for decades,
and is part of a well-established curriculum with clear vocational
pathways. However, this is often not the case in K-12 education.
There is a growing mandate in some countries for programming to
be taught at grade-school level, but in other countries the teaching
of programming is ad-hoc and relies on themotivation and expertise
of teachers to deliver it — see, e.g., [51, 73]; in particular, based
on an in-depth analysis of K-12 computer science education in a
number of case studies from heterogeneous countries, Hübwieser
and colleagues conclude that “programming in one form or another,
seems to be absolutely necessary for a future oriented” computer
science education [73].

Where programming is mandated in the curriculum, it is often
delivered by teachers who don’t have such intrinsic motivation to
deliver it, and so the importance of understanding what it is and
why it is significant is essential. Learning to program and partic-
ipating in the digital economy opens many career opportunities,
and assists students to understand and participate in our digital
world. Learning to program can be seen as a practical approach to
understanding what a program is, but if the focus is only on being
able to program, students can miss the forest for the trees — they
can fail to see the connection between their classroom exercises
and the software that permeates their lives.

Thus, although programming has become a significant topic in
education, many teachers may not feel sufficiently familiar with
it [50]. The current generation of teachers is indeed unlikely to
have experienced programming when they were at school. More-
over, there is terminology such as “programming”, “coding” and
“computational thinking” that can be confused with each other (see
e.g., [33]), and their meanings have evolved as they are used in an
educational context. The terms computer programming, coding and
computational thinking are all situated in computer science and are
characterized by engagement in an analytical process of problem-
solving. Traditionally “coding” has referred to the narrow part of
programming that involves converting the idea for a program into
the syntax of a programming language (the “source code”), whereas
it is now often used in schools as being equivalent to the whole
process of developing a program1. For many school-based educa-
tors, there is no difference between the terms “programming" and
“coding" even though technically there is considerable gap between
the two. Likewise, computational thinking has been described from
many points of view [35], and often is positioned as having program-
ming as a core activity. Even taking Wing’s fairly broad definition
of computational thinking as “the thought processes involved in
formulating problems and their solutions so that the solutions are
represented in a form that can be effectively carried out by an
information-processing agent” [162], we can see that programming

1For example, see the introduction to [84].

certainly exercises many of the key ideas of computational thinking
because it works with an information-processing agent (a computer
receiving instructions written in a programming language) that
behaves consistently and can be invoked over and over to test if
the student’s thinking (expressed in the program) gets the desired
result.

One extreme view that has been expressed is that terminology
such as “programming” and “coding” are sufficiently confusing
and that we should really refer to these disciplines using a term
such as “problem solving” [157]. However, changing the program-
ming/coding terminology would be almost impossible now because
it is now so ingrained in books, curricula, and even the names
of organisations such as Code Club and Code.org. Adding to the
confusion is that students may not recognise that programs they
are learning to write have the same nature as the “apps” on their
phone, the software that runs a “smart TV”, a download that they
install on a smartwatch, an “update” to firmware, or the software
that controls the fuel injection in turbo charged cars. Learners will
often start in simpler environments (such as block-based languages
controlling animations or simple robots), or work with solving
small problems that can be programmed within the space of lesson
(such as adding up a list of prices). Often the software that is used
by consumers on a daily basis is created by large well-resourced
teams of developers, although despite this happening in a different
environment to the classroom, both the learner and professional
contexts involve exercising the same skills, and the fundamental
nature of what they are doing is the same. If a student were to look
for a definition of programming, they can be confronted with many
different interpretations of what a program is, and the reasons for
writing them. Programs have been variously described as a tool for
problem solving [157], an abstract symbol manipulator [41], the
result of a collaborative effort [166], and can even be viewed as a
work of art in their own right [164]. To overcome focusing on one
limited perspective, teachers need to be aware of what the nature of
programs (NoP) is, and use this knowledge to inform their teaching
practice.

In this working group we explored this multifaceted nature of
programs, and developed the document that appears in Appendix A,
from now on referred to as “the NoP framework”. We aimed for
a scientifically sound description of what a program is, having
in mind that this can help learners not as much to be trained to
write programs, but rather to build the big picture about programs.
The contribution of the NoP framework is to provide an integrated
holistic presentation of the basic elements of the nature of programs,
synthesised from the many points of view that have been expressed
in the literature about the nature of programs.

Given the purposes of the current work, we restrict ourselves to
programs that one could call “traditional”. That is, our focus is on
programs which are implementation of human designed algorithms,
which consequently allows us to explain how they achieve their
intended goal. Such a decision leaves out of our scope programs
whose implemented logic is not humanmade but machine produced
(e.g. by evolutionary programming or machine learning techniques).
For a more detailed description of this distinction, see Section 3.2.4.

In order to develop the NoP framework, the research team used
an iterative process where the team pooled ideas together through
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regular collaborative virtual weekly meetings. This involved look-
ing at a variety of models that have been proposed for describing
programs and programming, and developing a way to unify them.
A literature review was performed by searching for relevant terms
in the computing literature, but also by conducting an exhaustive
manual search of major computer science education publication
avenues from the last few years. This informed the development of
the framework, which resulted in a draft version that was shared
on relevant mailing lists, in order to seek feedback from experts
and practitioners in computer science education. This feedback was
analysed and aggregated and was used to improve the document.
Appendix A contains the NoP framework after this revision.

It is anticipated that the NoP framework can be used to inform
the design of sound curricula and support teachers and learners
to understand the bigger picture around programming. In the re-
mainder of this paper we describe the background and reasoning
that lead to the framework, including combining literature reviews
and input from experts. It is written for school teachers and policy
makers to assist them to see where programming belongs and the
rationale of why and how it should be included in the curriculum.
Because of the widespread use in education of the term “coding” to
mean “programming”, we allude to both of these terms in the NoP
framework, so that it can be recognisable to educators. The nature
of programs will be examined from six facets (points of view), focus-
ing on the properties that most programs have, although there will
always be cases on the boundary line of what might be regarded as
a program, and how it could be perceived. For each of the facets,
examples and impacts are provided to illustrate how they might be
encountered in practice.

It is worth noting that, although the focus of this work is on pro-
grams, this is not to downplay the many other aspects of computing
that are important for students to engage with. Within computer
science, programming is just one of many concepts that are covered
to prepare students to work in the field, and in broader curricula
(particularly in K-12 schools), understanding programming is just
one aspect of the digital competencies that students need as digital
citizens. In computer science, programming is an underpinning
skill that is applied to many aspects of the discipline. In a broader
context, such as K-12 education, it has a qualitative difference from
other computing topics because it is about creating rather than
using digital technologies [99].

The paper is organized as follows. We first review the literature
in Section 2. In Section 3 we illustrate the framework we developed
and the rationale behind it. Section 4 presents the feedback we
have collected from educators and computer science experts, and
reports on how the framework was improved accordingly. Section 7
provides a conclusion.

2 BACKGROUND
In this section, after summarising the methodology underlying
our exploration of the literature, we review perspectives that have
been expressed in the literature about what programs are, including
definitions that have been proposed (Section 2.1), different ways
programs can be understood (Section 2.2), non-technical angles
relating to programs (Section 2.3), roles of programs in computer

science education (Section 2.4), as well as some more critical at-
titudes towards (mandatory) computing and coding in K–12 edu-
cation (Section 2.5). As this section spans a broad range of topics
that can be related in some way to the nature of programs, after
reading Section 2.1, which is the most relevant for the scope of the
Framework, the reader interested only in the Framework per se
may want to skip directly to Section 3.

Methodology. To begin with, two main difficulties are encountered
in order to identify relevant contributions that address the nature
of programs. First, the search could not be simply based on a short
list of specific keywords, such as “nature” or “characterisation”, in
connection with “program”. In fact, the nature of programs can
be described using several different terms and, as a consequence,
we have been unable to rely largely on automatic means for fil-
tering a significant bulk of bibliographic items. Second, the liter-
ature is much more concerned with “programming” — especially
technical aspects of programming — than with “programs”; when
dealing with programming, the meaning of program is often taken
for granted, maybe implied implicitly, but usually just left inde-
terminate. Thus, most of the “filtering” work has required direct
inspection (by the authors) of large bibliographic datasets.

For these reasons, in particular the second point, our literature
review is unlikely to be really complete. Nevertheless, having drawn
from the diversity of the group to bring together many different
sources, we think that the outcome is representative of the diver-
sity of existing characterisations of the nature of programs and
programming. To be more specific, in light of the above remarks,
the review process included the following stages:

• Systematic search relative to major computer science edu-
cation (and somehow related to the topic) conferences and
journals, looking first at the title (for pertinence), then at the
abstract and keywords (mentions of program/programming),
and finally at the content of promising items.

• Forwards and backwards snowballing, starting from the ref-
erences found in the previous stage as well as from more
foundational sources known by the authors, to identify other
relevant contributions.

For the first stage, we explored the following sources. Journals:
ACM TOCE (all: 2001–2022), ACM Inroads (2018–2022), Informatics
in Education (all: 2002–2022), Computer Science Education (2018–
2022), CACM (2018–2022), Computers in Education (2018–2022),
Computers and Education (2018–2022), Education and Information
Technologies (2018–2022). Conference proceedings: ICER (2018–
2022), ACE (2018–2022), Koli calling (2018–2022), WIPSCE (2018–
2022), ISSEP (all: 2005–2021), FIE – Frontiers in Education (2018–
2022), VL-HCC (all), WCCE (2018–2022).

2.1 Definitions of programs through the history
and philosophy of computer science
The history of software is the history of how various commu-
nities of practitioners have put their portion of the world into
the computer. That has meant translating their experience and
understanding of the world into computational models, which
in turn has meant creating new ways of thinking about the
world computationally and devising new tools for expressing
that thinking in the form of working programs.
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Michael S. Mahoney (2008) [105]

Since programs are one of the basic objects of study in computer
science, and programming is a core activity, one might expect that
within computer science itself there would be a clear and accepted
definition already of what a program is. Indeed, from the late 1940s
to the present day, one can find numerous definitions, either ex-
plicitly in glossaries, or implicitly in research papers, viewpoints,
reports and programming manuals. For instance, one influential
definition was provided by Grace Hopper in the 1954 First glos-
sary of programming terminology of the ACM [70], which was then
picked up in several other glossaries:

Program (noun) - a plan for the solution of a problem.
A complete program includes plans for the transcrip-
tion of data, coding for the computer and plans for
the absorption of the results into the system. The list
of coded instructions is called a routine.

Another common definition referred to programs as the scheduling
and sequencing of coded instructions, and was embedded in a much
older engineering tradition of so-called program devices. It is from
there that the notion of programwas introduced around ENIAC, one
of the first digital computers, and the origin of our current notion
of program [36]. That understanding, program as a sequence of
written instructions, was picked up in the context of early high-
level programming languages and in particular the practice around
ALGOL:

Sequences of statements and declarations, when ap-
propriately combined, are called programs [122].

In the 1950s and early 1960s the range of applications for computer
programming was still rather limited, focusing mostly on scien-
tific and business computing. The need for commercial software
was only beginning, and programs were far from being the ubiqui-
tous objects they are today because computer hardware was only
available to large organisations. The history of programs, software,
programming and programming languages has been studied to
some extent already in the historical literature and we mention a
few sources here. In [124], a long-term history of programming
notations and languages is offered from the perspective of formal
notations. Ensmenger [48] offers a study of the programming field
from the viewpoint of the changing views and problems related to
the profession of programming. The in-depth study [66] of program-
ming practices around ENIAC introduces a notion of the so-called
modern code paradigm to replace the historically problematic no-
tion of stored program. Finally, the proceedings of the History of
programming languages remains an important source to understand
the various concepts and views on programming frameworks. Other
views of programming from a historical perspective are advanced
in [48, 65, 125].

The way we make and use programs today has evolved from the
way computer programs were made and used in the early days of
computing, and so older definitions such as Hopper’s don’t relate
to the way students would see programs currently. Still, it is clear
that already from the 1950s onward there were certain conceptions
of computer programs that are still highly popular today amongst
computer scientists.

The nature of programs also plays a key role in the broader
discussion about the nature of Computer Science, starting from

some earlier significant contributions that appeared in the ’80s and
’90s [38, 88, 137, 154, 159], one of the triggering question being
“is computer science a science?” More recent contributions in this
respect can then be found in [12, 29, 39, 71, 79, 127, 146, 147]. From
these debates it is clear that the field of computer science itself
does not have a clear identity and can at best be understood as
a multidisciplinary domain. This is reflected in the diversity of
conceptions of computer programs and programming that one
finds in the literature, where often only one aspect of programs is
emphasized.2

For instance, a programming language designer will probably
have a definition that looks at programs primarily from a nota-
tional perspective, considering for instance the problem of formal
semantics; a theoretical computer scientist might view programs
as abstract procedures and declarations; while a software engineer
might focus more on the complexity of computer programs and
their relationship to the real world. This situation has resulted in
a number of different views on what computer programs are. For
instance, Donald Knuth has provided definitions focusing on pro-
grams as implementations of algorithms, and on the notational
aspect of programs:

An expression of a computational method in a com-
puter language is called a program [87, p. 5].

Interestingly, later Knuth also provided quite a different definition of
programs, anchored in the idea that “[i]nstead of imagining that our
main task is to instruct a computer what to do, [we should] concentrate
rather on explaining to human beings what we want a computer to
do [89].” His proposal from that perspective was to view programs
as “works of literature”, hence the approach that came to be known
as literate programming.

Scholars like Edsger Dijkstra emphasized the mathematical na-
ture of computer programs even further by saying that a program
is:

an abstract symbol manipulator, which can be turned
into a concrete one by supplying a computer to it [40].

James Fetzer, a philosopher and one of the main actors in the
so-called formal verification debates of the 1980s [146] and who
strongly opposed the mathematical viewpoint of Dijkstra, empha-
sized the distinction between programs as abstract mathematical
objects and programs as causal models (due to their physicality).
This led to the following definition [53]:

From a methodological point of view, it might be said
that programs are conjectures, while executions are
attempted — and all too frequently successful — refu-
tations.

That is, a written program first needs to be executed before one can
be sure that it will behave correctly. From an engineering perspec-
tive then, programs should not be reduced to their notations nor
to some kind of mathematical structure. Instead, what this view
emphasises is the idea of programs being part of a larger system.
As Denning wrote in 2004, programs are:

components of complex systems that must be de-
signed under severe constraints [37].

2The fact that computer science itself has become ubiquitous in a number of other
scientific fields has probably not helped in these debates.
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As this short sample of program definitions shows, one’s under-
standing and conception of programs is usually a confirmation of
one particular view on computer science. Consequently, just like
for the computer science discipline itself, what we have is a set of
very diverse definitions of programs each highlighting different
program facets. This fact was very much acknowledged by Michael
Jackson when he wrote about software [78]:

Because software seems to be an intangible intellec-
tual product we can colour it to suit our interests and
prejudices. For some people the central product of
software development is the computation evoked. For
some it is the social consensus achieved in negotiating
the specifications. For some it is a mathematical edi-
fice of axioms and theorems. Some people have been
pleased to have their programs described as logical
poems. Some have advocated literate programming.
Some see software as an expression of business policy.

But then added his own position:
But many people here will surely want to think of
software development as a kind of engineering.

Essential in Jackson’s view is that software engineering is concerned
with the relation between the world and the machine identifying
different facets of that relation: modeling, interface, engineering
and problems. The engineering facet is captured by the trinity of
requirements, program and specification which was a core com-
ponent of the model proposed later in [62]. It is then thus not
surprising that in computer science education we have different
views about how programming should be taught, and what the
goals are. Indeed, perhaps this is one part of the explanation of the
growing conflation of terms like coding, computational thinking
and programming that we discussed in the Introduction.

Other authors have proposed program classifications that result
in a more diversified understanding of computer programs. A well-
known example from software engineering is Lehman’s work on
the basic laws of program evolution, which proposes a classifica-
tion of programs in terms of their complexity and entanglement
with the world [100]. The question of definition and classification
is a traditional one for analytical philosophers too. Just to mention
some, a central idea of Colburn’s essay [27] is the peculiar role of ab-
straction in computer science and programming. Eden [46], on the
other hand, discusses the contrasting ontological, methodological
and epistemological characterisations of programs according to the
perspectives of mathematics, engineering and science. In a similar
way, Irmak [76] compares programs to music, emphasizing that just
like music, programs too have a dual nature, and concluding that
programs are abstract artefacts. The idea of programs having a dual
nature is recurring not only in the philosophical literature but can
also be found in programming, computer science, and computer
science education. Alan Kay for instance wrote:

Intangible message embedded in a material medium
is the essence of computer software [...]. Is the com-
puter a car to be driven or an essay to be written?
Much of the confusion comes from trying to resolve
the question at this level. The protean nature of the
computer is such that it can act as a machine or like
a language to be shaped and exploited [83].

In Turner’s book [155] programs are understood through the lens
of the philosophy of technological artefacts, based on the struc-
ture/function dichotomy, and of the design process; more specifi-
cally, in his view programs are defined by the “trinity” of specifica-
tion, symbolic program, and physical process.3 Finally, we mention
here the work on software ontology developed in the setting of
semantic web technology [96] presenting a so-called Core Ontology
of Programs and Software. That work is anchored in the analysis by
Eden and Turner mentioned above.

Recently there have been a number of collaborations that ac-
knowledge the need for a multifaceted approach. The work of [19]
starts out from the observation that “programs” are complex objects
with different facets.4 They are real — they affect our real lives; they
are abstract — they process abstract entities; and they are concrete
— they take up space in digital devices’ memory, and can be copied,
transferred, and corrupted. The recent PROGRAMme project5 also
starts out from the question “What is a computer program?”, and
proposes an analysis of programs in terms of their different modali-
ties: physical, socio-technical and notational. However, that project
is mostly aimed at historians, philosophers and computer scientists.
While issues of literacy and the growing lack of understanding of
programs by the layperson is surely a driving motivation in that
project, it does not propose a framework that is specifically focused
on computer science education.

From these many points of view, we can conclude that while it
is fair to say that there has been some acknowledgement in the
literature of the multifaceted nature of computer programs, a more
holistic approach is very much needed if the aim is to provide a
general literacy, or as Alan Kay put it:

To get the medium’s magic to work for one’s aims
rather than against them is to attain literacy [83].

Such general literacy can only be achieved if we are prepared to
embrace the full reach of computer programs.

2.2 Programs and programming
[J]ust a few building blocks suffice to enable us to write pro-
grams that can help solve all sorts of fascinating, but otherwise
unapproachable, problems. [...]

Robert Sedgewick & Kevin Wayne (2008) [135]

According to Pennington & Grabowski [121], “Programming prob-
lems are unique in that they usually involve solving a problem in
another (application) problem domain, such as mathematics, ac-
counting, electronics or physics, in addition to solving the program
design problem.” In addition, in the opinion of some educators,
e.g. [17, 60], the nature and status of programming are difficult to
characterise. In an interesting section titled “What is a program?”,
Pair [116] introduces a few possible conceptions of program, based
on syntactical vs. semantic views, as well as on the implications of
different programming paradigms.

The structure of programs can also be understood in terms of
more abstract patterns than those directly offered by the program-
ming language constructs. Despite the infinite variations in how

3For a review on the existing philosophical literature on the ontology of computer
programs, see [126].
4In fact, this paper was one of the driving forces behind the current paper.
5See: www.programme.hypotheses.org
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programs can be written to achieve the same thing, we can indeed
recognise some recurrent patterns (and anti-patterns) that have
been identified since they can provide a strong basis for the or-
ganisation of programs. They have also been recommended for
teaching to beginner programmers so that they are aware of com-
mon techniques. The idea of design patterns is based on the work
of Alexander [3], and the most well known are from the “gang of
four” [58], intended for OO programming.

Cunningham [34] highlights the benefits of seeing programming
as making use of patterns (schemas) rather than a combination
of syntactic elements: “There are endless ways to combine syntax
elements, and a correspondingly large mental search space for the
novice programmer to think through when writing code or un-
derstanding someone else’s code.” In addition, she remarks that
“[w]hile rare in classrooms, this approach potentially aligns with
a basic psychological fact: humans often use schemas (mental pat-
terns or frames) to organize their knowledge.” Elementary patterns,
conceived for the benefit of beginner programmers and applying
in non-object-oriented environments, have been proposed since
the late 90s by a number of educators, in particular [7, 14, 26, 158],
and more recently Amanullah [5] has also considered the use of
elementary patterns to analyse Scratch programs.

Among the several features that can be associated to programs,
Guzdial and Ericson [64] emphasise the role of names: “Much of
programming is about naming: A computer can associate names,
or symbols, with just about anything [...]. A computer scientist
sees a choice of names as being high quality in the same way that
a philosopher or mathematician might: If the names are elegant,
parsimonious, and usable.”

Some authors, such as Park & Kim [120] and Utting et al. [156],
view programming as a new form of basic literacy that should be
part of a compulsory curriculum offering. Supporting this argument,
Burke [21] aligns programming as both writing and storytelling,
which has created “a new and unique form of digital composition
emerging over this century in which words, images and sounds are
not only arranged as text but coded sequentially as a unified nar-
rative.” Whilst Burke, O’Byrne & Kafai [22] and Kafai [82] regard
teaching programming as a literacy, especially at a young age, they
also discuss a flow-on effect, allowing children to better articulate
thoughts and connect ideas together: “Programs are personal ob-
jects that can be shared publicly”. These authors envisage “a shift
from computational thinking to computational participation across
four dimensions: a shift from code to actual applications [...]; a shift
from tools to communities [...]; a shift from starting from scratch
to remixing [...]; a shift from screens to tangibles [...].”

A human-computer interaction paradigm which is recently re-
ceiving increasing attention is literate computing and views pro-
grams — including professional programs — as part of a more com-
prehensive “narration”, see e.g. Fog and Klokmose’s review [55]. In
these environments, literate programs combine executable code to-
gether with a mix of texts and other media that are dynamically and
interactively manipulated by the code. Thus, code, the processed
objects and the produced output, all reside in the same space, so
dissolving “the traditional distinction between programming and
using computers, but also between using and developing software
tools” [55]. Literate programming is also considered for its educa-
tional potential. Roy, for instance, proposes to extend the scope of

programming languages addressed to novices in order to improve
the expressive power and make this enriched documentation “an
integral part of the programming process” [129].

Finally, in a couple of witty pieces [114, 115], Nobel and Biddle
see a postmodern trend in the programming practice and raise the
question of what programming should be about from that perspec-
tive. In fact, the new forms programming is taking may also blur
the notion of program.

The varied perspectives mentioned above highlight structural,
expressive, literacy-related aspects of programs and programming.
Although the summary is not exhaustive, it testifies to the diversity
of ways in which programs can be conceptualised and suggests that
any possible characterisation of their nature, including of course the
framework we propose in Appendix A, will inevitably emphasise
some aspects while understating others.

2.3 Psychological, social and ethical concerns
related to developing and using programs
[C]omputing is a technology [...]. The question is not whether
new technology involves social change, but how it does. In
particular, it is a question of agency. As a form of technologi-
cal determinism, the impact theory leaves people reacting to
technology, rather than actively shaping it.

Michael S. Mahoney (2005) [104]

Programming, or even just using programs, have cognitive and
psychological implications for the individual engaged in a task,
as well as societal implications for the involved community, and
these affect the way the nature of programs is perceived. As a
consequence, the program as a technical artefact, seen in isolation,
does not fully determine its meaning, but we need to consider also
the context, including people’s related endeavours and expectations.
In the following, we summarise a few reflections in this respect,
which are especially relevant for educational purposes.

As part of a monograph that collects early studies taking a psy-
chological perspective, Green [61] discussed a range of cognitive-
psychological issues in connection with the nature of programming.
Then, in this vein, Blackwell [15] asks “what is distinctive about the
cognitive tasks involved in programming, and in particular which
distinctive cognitive tasks are shared between all programmers,
whether professional or end-users.” And he posits that this question
should be addressed without questioning if, in the end-user case,
the “activity is genuine programming”, but simply by analysing
“their experience in order to understand the general nature of pro-
gramming activity.”

More specifically, Blackwell identifies three cognitive features of
programming (with clear implications as to the nature of programs):

1. Loss of direct manipulation – “The situation in which the program
is to be executed may not be available for inspection, because it
may be in the future, or because the program may be applied to
a greater range of data situations than are currently visible to
the programmer.”

2. Use of notation – “This is also a universal characteristic of abstract
thought. [...] Abstraction results from forming some representa-
tion of the state of the world” and the “correspondence between
a representation and the state of the world is one of convention,
not of causality.”
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3. Abstraction as a tool for complexity – “Abstraction use in which
the user conceptualizes common features of complex behaviour,
then formulates notational abstractions in which to express
them.”

Moreover, in a related paper, Blackwell suggests “moving [...] away
from conventional programming and software engineering to focus
on the characteristic cognitive tasks of programming, whether or
not they occur in a social context that would normally be called
programming” [16]. And, incidentally, among the non-professional
approaches to programming, Iacovides and Green [74] identify the
“DIY-for-fun” approach, contingent and often enjoyed because of
“the experience of challenge, breakdown, and breakthrough, just
as in gaming.” In similar scenarios, the development of programs
is subject to less severe constraints and presents very different
features when compared with software engineering processes.

Taking the program reader perspective, Tenenberg [148] focuses
on the “economic choices” made “[i]n order to construct meaning
from a program,” which “are influenced not only by cognitive con-
straints but also by the organizational and social context in which
the program-related activities occur.” As a consequence, also the
reader’s beliefs about the knowledge (of the programming as well
as the application domains) he/she shares with the program writer
come into play.

While most instructional goals are focused on technical aspects
of programming, “[t]he system perspective alone,” as pointed out
by Schulte [133], “fails in bringing together social and technical
aspects” and is is more likely to reinforce, instead, their separation.
So, according to Schulte, a socio-technical perspective elaborating
on the duality structure/function has the potential to connect “tech-
nology (in its isolated, single-sided meaning) with individual and
social experiences and practices.” Other authors see programming
as a socio-technical undertaking from a variety of persepctives,
e.g. [16, 91, 166]. In particular, social skills are important in success-
ful large-scale software development [166], and several “skills of
a professional programmer are related to the social context rather
than the technical one — writing and interpreting specification
documents, participating in design meetings, estimating effort and
so on” [16].

The programmer’s experience also includes emotional and re-
lated dimensions, such as affects, attitudes, beliefs, or perception of
self-efficacy, dimensions that can be explored through the lenses of
the theories and models reviewed by Malmi and colleagues [106].
According to them, indeed, a “holistic understanding of learning
programming is needed if we are to design and support the learning
process in meaningful ways.”

In education, stereotypes and personal understanding can affect
a student’s attitude to whether programming is something they
could engage in; for example, the idea of a “geek gene” (that some
people are inherently born as programmers) is a commonly held
view despite being widely refuted [2, 49, 63, 101, 102] (although
there can be significant differences between outcomes for students
in programming courses, and in the time taken to write programs).
Even the misconceptions that parents have about programming can
have a flow on effect onto how well their children do in computer
science [81].

Broadening the scope, programs, as Mahoney [104] remarked
in his paragraphs following the above quote, in that technological
artefacts “are not natural phenomena but the products of human
design, that is, they are the result of matching available means to
desired ends at acceptable cost.” And although the “available means
ultimately do rest on natural laws, which define the possibilities
and limits of the technology, [...] desired ends and acceptable costs
are matters of society.” However, what is peculiar of computer
programs is that “whereas other technologies may be said to have
a nature of their own and thus to exercise some agency in their
design, the computer has no such nature. Or, rather, its nature is
protean; the computer is [...] what we make of it [...] through the
tasks we set for it and the programs we write for it.”

Labour shortages, and the drive for companies to become leaner
and more efficient organisations, have resulted in many companies
adopting automation technology, but with mixed outcomes [95,
120]. With computing technologies impacting every aspect of so-
ciety, including commerce, entertainment, education, and health
care, not only should we ethically consider the positive impacts, but
also consider potential “disasters” and the negative and undesirable
impact of these technologies [69, 97]. Yadav, Heath & Drew [163]
argue that society, and in particular the computing education com-
munity, should not simply focus on the development of technical
skills within both the existing and potential workforce, but on sup-
porting communities, fostering criticality, and promoting ethical
digital citizenship for all [95].

2.4 Role of the nature of programs in computer
science education
The computer revolution is a revolution in the waywe think and
in the way we express what we think. The essence of this change
is the emergence of what might best be called procedural
epistemology — the study of the structure of knowledge from
an imperative point of view, as opposed to the more declarative
point of view taken by classical mathematical subjects.

H. Abelson, G.J. Sussman & J. Sussman (1984) [1]

Educators have written much about programming that is aimed
at understanding the role of writing programs in an educational
context. Usually, programming languages and programming envi-
ronments for teaching how to program have their designs rooted in
both Constructivism and Constructionism. Constructivism, a cogni-
tive theory, was developed by Jean Piaget. Piaget’s idea was indeed
that knowledge is constructed by the learner and that learning
is deriving meaning from the compilation of complex knowledge
structures. Constructionism is an educational method, which is
based on the constructivist learning theory, and was developed
by Seymour Papert — a student of Piaget. Papert maintained that
learning occurs “most felicitously” when constructing/creating a
public artefact (digital or physical) [119], in our case a program.

When discussing technologies that support learning and edu-
cation, Papert would often use the metaphor of “low floors and
high ceilings.” For a technology in general, and specifically for a
programming language to be effective, it should provide novices
with the opportunity to get quickly started (low floor) but also to
have the opportunity to create increasingly sophisticated programs
over time (high ceiling). Resnick and colleagues added another di-
mension to this analogy, that of “wide walls” [128]. This additional
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dimension avoids to have a single path from low floor to high ceil-
ing and provides multiple pathways that novice programmers can
explore as they move from floor to ceiling.

While programming is widely considered a fundamental activity
to understand computing (see e.g. Ben-Ari’s “defense of program-
ming” [13]), things can get even more involved, from an educational
perspective, in that programs are often seen as an effective, concrete
instrument to foster, on the one hand, the learning of more abstract
computer science concepts — concepts introduced in accordance
with the familiar motto “computer science is more than program-
ming” [6] — and, on the other hand, for its transfer potential of
problem-solving skills that can be spent in other fields.

On the other hand, many textbooks about programming give
understandably simple definitions, or even leave the definition
of the subject of the book to be inferred by the experience the
reader has while they learn to create programs. Thus, a typical
characterisation of programs is often limited to generic descriptions
of few words, such as the following one from a textbook addressed
to high school students [42] (translated from French):

A program is a text that describes an algorithm that
you want a machine to execute. This text is written in
a particular language, called programming language.

Kelleher and Pausch [85] reviewed various programming envi-
ronments, intended for instructional purposes, which convey dif-
ferent views of programs. In particular, to mention some, programs
can be seen as:

• Combinations of iconic templates;
• Assemblies of tangible, physical programming bricks;
• Implicitly represented sequences of recorded, usually graph-
ical, actions;

• Instances of programming-by-demonstration, where the algo-
rithms are heuristically extrapolated from examples;

• Combinations of graphical rewrite rules, including condi-
tions, actions, as well as analogies playing the role of more
intuitive forms of code reuse;

• Finite-statemachine diagrams, where each state can be edited;
• Data-driven flow diagrams;
• Hierarchical collections of procedures.

Some of the environments considered are conceived for teamwork
and, from our perspective, raise the question about the nature of a
program that can change dynamically through the interactions of
team members.

According to Kelleher and Pausch’s definition of programming
in the educational context [85], a program is characterised as “a
set of symbols representing computational actions,” which “ex-
press [a user’s] intentions to the computer” and allow “a user
who understands the symbols [to] predict the behavior of the com-
puter.” The authors also remark that their definition does not cover
programming-by-demonstration systems, where “the user cannot ac-
curately predict what program will be produced,” a problem shared
by other kinds of “dark” programming techniques [80], a class of
approaches that will be briefly discussed in section 3.2.4.

Having in mind childrens’ cognitive abilities at early educational
stages, Thompson and Tanimoto [151] establish relationships be-
tween six forms of programming activities — namely, requirements,
specification, design, coding, debugging, reuse — and five levels

of (cognitive) narrative development — labelling, listing, connect-
ing, sequencing, narrating — that can be found, in particular, in
storytelling. In their perspective, indeed, “[i]f children conceive of
programs and stories in the same way or similar ways, then there
may be value in teaching programming concepts in a way that
mirrors the levels of narrative development.”

One attempt to provide a multifaceted perspective on programs
from an educational perspective is Schulte’s [132] Block Model
framework (Figure 1), which can be used to support program com-
prehension, e.g. [77]. In Figure 1 we can see a view ranging from
notation-focussed elements (on the left) to the program as a tool for
an end-user (on the right). The model also touches on the abstract
nature of programs by highlighting the “algorithm underlying a
program”, at the same time acknowledging their executable nature
(in the middle column). This latter relationship between abstract
ideas and executability is described by Hromkovic, who explains
programming as “translation of an algorithm into the computer
language”, but also contrasts it with the formal view that “this trans-
formation can be viewed as a proof of the automatic executability
of the algorithm described in a natural language” [72].

Du Boulay [43] identifies five “areas of difficulty” when learning
to program that can be connected with elements of the framework
we are going to introduce. Such areas are relative to: orientation, i.e.
what programs are about in general; notional machine, the abstract
model of the executing agent; notation; structures, which have to do
with structure/function perspective on technologies; and pragmat-
ics, which, in contrast, refers to programming activities. Du Boulay’s
elements highlight the importance of introducing students to differ-
ent aspects of programming, and being prepared to address them
specifically. The introduction of the concept of a notional machines
highlights the executable nature of programs [44, 54, 139, 153].

Further obstacles to develop a clear understanding of programs
are identified in their relationships with human thinking habits or,
more in general, with the overall context in which they are mean-
ingful. Weigend [160], for instance, focuses on the “barriers” that
must be overcome when refining a first intuitive idea to come up
with a really implementable solution. Tenenberg and Kolikant [149]
suggest to view “computer programs as linguistic acts, as utterances
that function with human communities.” They then elaborate on
this dialogical perspective, inspired by psycholinguistic studies of
natural language, and propose to plan empirical research to investi-
gate the extent to which novices may ascribe intentionality to the
computer and are aware of the communicative function of their
programs towards humans.

From a different angle, while analysing from an educational
viewpoint the current role and shortcomings of the traditional
notion of programming paradigm, Krishnamurthi and Fisler [93]
contend that an alternative characterisation centered on behaviour
— usually “captured in the concept of a notional machine” underlying
the programming language — is more appropriate to make sense
of programs. In support of their position, they argue that carefully
chosen (to foster learning) notional machines are better suited than
paradigm-related concepts to account for the program features in
a range of programming models, such as reactive, event-driven or
embedded-systems programming.

Looking at things from the students’ point of view, Thuné &
Eckerdal [152] have analysed novices’ conceptions of programs,
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program text.

Understanding the algorithm underlying a 

program.
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method calls, object creation, data access...).

Sequence of method calls, object sequence 
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(chunk from a set of statements).
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(A) Atoms
Language elements. Operation of a statement. Function of a statement: its purpose can only be 

understood in a context.

(T) Text Surface (P) Program Execution (F) Function/Purpose

Duality Architecture/Structure Dimensions Relevance/Intention Dimension

Figure 1: Schulte’s Block Model framework, from [77].

and found five qualitatively different dimensions that students need
to discern when learning programming:

(1) the textual representation of a program
(2) the action of a program
(3) the application addressed by a program
(4) the problem to which the program is a solution
(5) the various contexts in which programming skills can be an

empowering resource [152, Table 2].

The first dimension focuses on notation, the second on execution,
and the remainder speak to a program as a human-made tool.

We also see facets of what programs are through the motivations
for teaching programming. Learning to write computer programs
is a fundamental part of most computing curricula, but there are
a variety of reasons for introducing it (particularly at K-12 level),
and a variety of ways that it is presented to students.

A commonly perceived reason for teaching the skill would be
to give students vocational opportunities, and this becomes more
accurate at higher levels of education. For example, Falkner points
out that “There has been a push for the inclusion of computing
curricula in schools to provide all children with an opportunity to
develop fundamental skills in coding and computational thinking
that can support future generations in the modern workplace” [52],
and this is echoed by other authors e.g. [68, 113]. This goal shouldn’t
be underestimated, but the purpose of teaching programming at
lower grade levels isn’t so much as direct vocational preparation,
but to inform students about what the nature of the whole discipline
is so that they can make informed career choices:

“Significant factors in the declining interest in com-
puter science amongst school students in western
countries include the widespread misunderstanding
of the subject and the career, . . . and the confusion of
the discipline of computing with learning how to use
the computer as a tool [11].”

Commentators are quick to point out that this isn’t necessarily
the main driver, particularly at lower grade levels, as there are other
benefits to learning disciplines relating to programs and program-
ming around developing their understanding and agency in the
digital world [8] as well as increasing their general problem solving
skills [131], and developing skills that are transferable across other
disciplines [111, 130, 165].

2.5 Critical perspectives about computing and
programming in K–12 general education
[S]ource code is a fetish [...]: we “primitive folk” worship source
code as a magical entity — as a source of causality — when
in truth the power lies elsewhere, most importantly in social
and machinic relations. If code is performative, its effectiveness
relies on human and machinic rituals.

Wendy Hui Kyong Chun (2008) [25]

Let us end this review with a summary of some more skeptical
positions about computing in general education. The pressures and
the “hurried” policies to (re)introduce computer programming in
the K–12 curricula, starting in the late 2000s, have indeed also led to
more critical reflections, in particular from the educational sciences’
perspective.

30 years before, however, Papert had already recognised how “the
complexity and subtlety of the computer presence” in schools made
“it a challenging topic for critical analysis,” in order to appreciate its
implications on the human and social sides [118]. More specifically,
Papert’s major concern was about a “technocentric” view giving too
much prominence to the technical instrument, e.g. LOGO, thought
of as the source producing direct benefits on thinking and learning,
while downplaying the role of what really matters in education,
namely “people and cultures.” According to Papert, the “advent
of computers” required a re-examination of our long-established
and often implicit assumptions about education. Learners, as well
as teachers, should appropriate these emerging technologies as
additional stuff “to do better whatever you are doing” — the focus
is on what they are doing, not on the instrument itself.

More recently, one of the aspects thought to be subjected to
critical reflection is the role played by economic/market factors in
connection with the aspiration to empower learners as agents of
change. For example, as Bresnihan et al. [18] crudely put it, from
what they identify as a broadly Marxist stance, “the call for more
computing in schools” might be simply ascribed to “capital seeking
cheaper labour.” In their analysis of the historical developments
of computing in schools, Bresnihan and colleagues suggest that
similar factors may also explain the decline of computing as pro-
gramming and the transition to office applications in the 90s, under
the pressures of “an industry hungry for trained office workers.”
Thus, while being inclined to support an educational agenda for
computational thinking, they warn about the risk of “alienating an-
other generation of young people” by paying little attention to the
overall rationale for and pedagogy of computing education. It may
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also be worth noting that the “economy-driven discursive framing
of computing education” has been identified by Mertala [108] as a
reason explaining teachers’ reluctance towards computing, since it
is perceived in contrast with their socialisation-oriented approach.

More generally, as pointed out by Dufva & Dufva [45], soft-
ware technologies are not value-neutral, but incorporate “both
conscious and subliminal values of the programmer, a software com-
pany or society’s understanding of good code.” Or, in Williamson’s
words [161], “Programming code captures ideas about how the
world works and translates them into formalized models that can
be computed through algorithmic procedures, which can then aug-
ment, mediate and regulate people’s lives.” Thus, “[h]ow we define
[code] values and make sense of them is an essential part of coding
education” [109]. Moreover, if “digital technologies and their uses
in everyday life are not neutral, then,” according to Burnett [23], “it
follows that digital technology use in schools is not neutral either,”
but reflects beliefs about children’s learning needs and hence “raises
questions about the purpose and nature of schools themselves.”

A more radical critique of how digital technologies and compu-
tational thinking are introduced in school, in particular at primary
level, is given by Swertz,6 e.g. [143]. He ascribes the current trends
to monistic, “ideology”-driven perspectives about the future and
what causes individuals to act, so envisaging the risk of trans-
forming the medium from means to end of the instruction and of
“getting people used to [...] serve computers.” Following Humboldt,
for Swertz the core of general education — better denoted by the
German word Bildung— is the movement between non-overlapping
languages, between the self and the world, which in his view can
never be accomplished through digital media. In addition, by tak-
ing the pedagogical perspective of “future openness,” the idea of
Bildung means “above all to enable people to decide for themselves
which area [e.g. of digital technologies] they want to develop and
deepen in their lives and when.”

The perspective about what futures are possible is also promi-
nent in Mertala’s analysis [108], who distinguishes between func-
tional and critical paradigms in computing education. The former
paradigm focuses on logical and algorithmic aspects of computing,
including coding skills, where the main role of education is “to train
students to be functional members of society as it is.” The latter,
on the other hand, “encourages students to criticize the prevalent
societal structures and to act as agents of change,” in the endeavour
to shape the world “that might be.” While technical and functional
aspects seem to be dominant in computing education, according to
Mertala the implied traditions should “be put under critical evalua-
tion” by making the school practices “visible to the students” as well
as “by switching between the often overlapping micro- [individual
practices] and macro-level [societal implications] perspectives.”

In the above respect, Pangrazio [117] points out the need to
develop a critical disposition to understand “the role humans play
in questioning, challenging and therefore shaping [the] techno-
social system,” in order to prevent “digital practices and tools from
appearing as a series of natural, inevitable processes which become
uncritically inscribed into daily life.” In her view, individuals should

6In the panel discussion “Media education or computing science? Quo vadis, school
teaching?”which took place at the ISSEP 2022 conference (Vienna, September 27, 2022),
Swertz was explicit in manifesting his aversion to mandatory computational thinking
in primary education.

be encouraged to move between technical and critical mindsets as
part of their ‘design’ practices, including those implied in coding
activities, by taking into account also how “discourse, ideology and
power” are entwined in digital contexts. Likewise, Meyers [109]
sees code as “a political technology” and adds that there is a need
of “a strong ethical component to coding curricula that facilitates
thinking through the consequences, intended or unintended,” of
programs from a socio-technical perspective. He then concludes
that “perhaps the greatest lesson is [...] knowing when not to code.”

Finally, Tamatea’s analysis [144] focuses on the deepening en-
gagementwith digital “abstraction,”meant in Baudrillard’s terms [9],
which is implied in coding tasks and can challenge “the tradition
of liberal-humanism in education.” For Baudrillard, indeed, the
present-day overexposition to abstract ways to access the real car-
ries the risk of deconstructing the notions of self, society and lib-
erty. Tamatea identifies the predominant arguments deployed by
the stakeholders supporting or opposing compulsory coding in
schools. While most such arguments, from both sides, appear to be
rooted in liberal-humanism, the supporters’ “stronger commitment
to children engaging in abstraction” may actually undermine liberal-
humanist tenets, i.e. an educational perspective resonant with the
idea of Bildung endorsed by Swertz. Computational participation,
in particular, is regimented by some machinery, rather than arising
in spontaneous forms which involve rich sensory interactions, and
“through computational thinking, our categories of thought become
those of the abstraction-based coding language we work with.”

Some of the concerns raised by the scholars surveyed above are
also considered in the NoP framework, while discussing technolog-
ical artefacts as tools and human-made — see Appendix A.

3 THE FRAMEWORK
The main product of this working group is the NoP framework
reported in Appendix A, which is a description of the Nature of
Programs based on viewing the concept of a program through dif-
ferent facets, and on a concept map that describes the relationships
between the elements that lead to a program being produced.7
As explained in the Introduction, the discussion is restricted to
traditional programs only.

Section 3.1 describes the process and the considerations that have
contributed to define the contents of the framework. In Section 3.2
we outline the facets we use to characterise the nature of programs,
while also justifying why we chose those particular facets to define
the nature of programs. Then, in Section 3.3 we discuss the concept
map we have created to depict the relationships programs have
with other concepts referred to when talking about programs. To
begin with, in the following subsection we describe the process
underlying the development of the Framework.

3.1 Developing the Framework
The first draft of the document was prepared with an iterative pro-
cess that involved the entire working group over three months,
through regular collaborative weekly virtual meetings. The diver-
sity of researchers in this group was leveraged. The vast exper-
tise covered many different areas of computer science: Theoretical

7The term "nature" is used in the title of the Framework as a colloquial term, and not
as a synonym of "ontology".
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Computer Science, Algorithms, Software Engineering, Program-
ming Languages, Security and Computer Science Education. Most
members of the group have many years of experience in computer
science education, both at a research level (covering in particular
teaching programming at all levels, and teaching computer science
principles to K-12 students) and from a more practical perspective,
having participated for years in projects with teachers and schools,
and having been involved in teachers’ education and curriculum
design. A particularly relevant perspective was also brought in by
the presence of an epistemologist with expertise in the history of
Computer Science, and of programs in particular.

As discussed in Section 2, a variety of models and approaches
have been proposed in the literature for characterising programs
and programming. Several works describe programs by using “trini-
ties” or more generally tuples, a fact that pinpoints their multifac-
eted nature:

• In Turner’s book [155] programs are defined by the trinity
of specification, symbolic program, and physical process.

• Janlert [79, 80] characterises programs in terms of being
causative, descriptive and rationally justified.

• In [19] programs are defined as real, abstract, and concrete.
• The PROGRAMme project suggests that a program has three
modalities, i.e, different ways of being a program: physical,
socio-technical and notational modality.8

• Schulte’s Block Model [132] considers three dimensions of
programs: text surface, program execution, function/purpose.

• According to Jackson [62, 78], requirements, specification,
program is a triple connecting the world with the machine
in both directions.

• In the definition of free software [57], four essential freedoms
are identified that also imply four different ways to interact
and deal with a program: using, studying, sharing, improving
it.

An analysis and comparison of the tuples was made. It was checked
how far they can be mapped on one another and it was concluded
that the existing trinities and other tuples only partially overlap.
Instead, each of them tends to emphasize some aspects over others,
depending on the particular purpose intended when proposing the
frameworks. Moreover, each of the various concepts covered by the
trinities turned out to be extremely rich and dense in meaning.

The results of the analysis were then contrasted and reviewed
in light of the particular purposes inspiring our current work, that
is to say, to provide a broad view of the nature of programs for
educational purposes, especially at the K–12 levels. The conclu-
sion of the discussion internal to our group was that three com-
ponents would not be sufficient. First of all, a broadly accessible
description of the nature of programs was needed and required
a finer-grained framework addressed to readers who lack a solid
background in computing. Moreover, the research team thought of
a framework emphasising not only the program facets that would
typically be derived by someone familiar with computing (e.g., code
or abstraction) but also those psychological and societal dimen-
sions of human-made artefacts which are especially relevant in
educational contexts.

8See https://programme.hypotheses.org/

While considering the potential features that characterise pro-
grams, a debated point was the role of “Turing universality” and
its concrete approximation based on the stored-program concept.
According to authoritative scholars of computing history, in par-
ticular [65, 104, 142], the stored-program concept appears indeed
to be regarded “as the defining feature of the modern digital com-
puter, and one that marks the essential transition from calculator
to computer” [142] — even though “the dominant understanding
of what the stored-program concept is, and of why it is important,
has changed considerably over time” [65] and different competent
people still provide different answers to the question “what was
the significance of the stored program?” [142]. Eventually, however,
we opted for not including Turing universality (or the somehow
related stored-program concept) as an additional program facet, in
that this feature seems to pertain to the structure of the computing
device rather than to the program itself.

As a result of the process outlined so far, the research team
attempted to answer the question “What is a program?” by iden-
tifying six distinct facets of programs that made up Part I of the
Framework. To complement this, Part II of the Framework focuses
on programming, i.e. the process of creating and developing pro-
grams to address the the question “How does a program come
about?” For this part of the project, the starting point was the al-
ready cited report [103], which proposes a series of knowledge
statements, relating to programming, that every citizen should be
aware of; that report was a by-product of another heterogeneously
composed working group, installed to define basic knowledge and
skills regarding programming, in the context of the revision of
Digital Competences Framework 2.1 [30].

In order to explore and elaborate on the content of the report, a
preliminary task was set: sketching a diagram that summarized the
content of the report, relating it to the six facets of programs already
identified. Five different diagrams were proposed and this initiated
the discussion about what the fundamental steps are in (small-scale)
program development and use, and which programming-related
concepts should be included in this research group’s framework.
Alongside this work, the insights from the literature review were
also taken into account. Iterative discussions on these topics led to
a brand-new concept map and some derived diagrams, included in
Part II of the NoP framework (see Appendix A, from page xxvii),
and discussed in Section 3.3.

3.2 Part I - Facets of programs
What is a Computer Program?
No doubt virtually all the people who read this sentence believe
that they already know what a computer program is. The
purpose [...] is to convince you that the question is not so
easily answered as you may imagine. Nor is a question without
practical value.

Michael Gemignani (1981) [59]

In this section we consider how programs can be characterised,
particularly for educational purposes. In the classroom, a student
is likely to encounter the concept of a program only implicitly. An
educator may be taking it for granted that students will develop
a reasonable idea of what a program is by engaging in (simple)
programming tasks.
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Learning about the nature of an object by gaining experience in
how one aspect of it can be manipulated, can help to form a richer
understanding of that very same object. However, the learning-
by-doing approach has its limitation, especially in the context of
programs. First of all, the programs with which students learn to
work are far removed from those in common use resulting in a large
knowledge gap between actual programs and programs as used in
the classroom. This can result in basic misunderstandings when the
experiences about programs from the classroom are generalized to
the real world examples. Moreover, this gap implies that students
are not able to develop a clear vision of where their study might be
leading and why particular disciplines within programming (such
as using object-oriented programming, or insisting on well-chosen
variable names) would pay off in a larger scale system. Secondly, and
aswe argue here, programs have different facets. Often the examples
in the classroom highlight only one or two of these, resulting in
a too narrow understanding. Finally, while learning-by-doing is
certainly basic from an educational perspective, this focuses only
on the how without having any insights into the what. Students
should not only know about how programs are made, but also about
what programs are.

We think that the concept of program is richer than it may
appear at first, and that it can be better appreciated by taking a
holistic view, and looking at it from different perspectives. This
view also informed our use of term “facets”; instead of assuming
one particular perspective on what programs are as a result from
one particular tuple, we preferred to use a more neutral approach
which speaks of the different facets of a program.

Based on our analysis of the literature, we have identified the
following six facets that can be used to characterise programs in
terms of three pairs of contrasting features:

notational artefact executable entity
human-made tool
abstract entity physical object

Figure 2 shows a diagrammatic representation of the facets. Some
of the facets are likely to appear well-established, even “classical”,
whereas others may be unexpected. Each of these facets is explained
and exemplified in Appendix A, but they are briefly summarised as
follows.

• One dominant view of a computer program is that it is “code”
— usually referring to source code — and can be seen as
a notational artefact that follows the rules of a formal
language (including natural language in elements such as
comments and variable names).

• Balancing this view is the idea that a program is an exe-
cutable entity, running on a physical device that can follow
the program’s instructions precisely and tirelessly, and will
make decisions based on the rules that the programmer de-
cided before the execution began.

• Programs are conceived by people with the intention of sat-
isfying a human need, including induced needs, or the need
to express oneself. In this sense, they are human made.
Commonly, a program is made by teams of people, and the
systems developed may consist of many interacting pro-
grams. Of course, this is not to say that the final product is
entirely hand-made, since automation is an important part

Figure 2: Diagram used to illustrate the six facets

of the process, with compilers, interpreters and many other
tools being used to support the programming process, but in
the end a program is the result of a human decision to create
something.

• For many users, a program is a tool that they use heavily
for both work and leisure. In this context, the user may not
particularly understand how the program works, or even
what a program is, since it may just appear as an icon on a
phone screen that they press to get a weather forecast, or an
app that starts running in the background when they open
a document for word processing. The program, as a tool,
has been crafted to suit the needs of the user, and if this has
been done well, the user is able to focus on their task at hand
without even thinking about how the tool came to exist.9

• Aprogram can be regarded as an abstract entity in the sense
that it manipulates abstract notions and entities. Computers
are often referred to as digital devices because in the end
all they do is manipulate binary digits using well defined
rules, abstracting real-world entities to a form that can be
manipulated by the limited instruction set available to create
a program.

• Considering a program as a physical object provides us
with an insight into its direct presence in the physical world.
This is dichotomous to the view that it as an abstract en-
tity, but the instructions in a program must physically exist
somewhere (typically in RAM, caches and a CPU while it is
running), and the instructions in a program cause physical
outcomes when the program is in action.

In our perspective, these six identified facets can be seen as dif-
ferent manifestations of programs, but we cannot ignore any one of

9Of course, not every program is just a tool unless one has a very broad understanding
of “tool”. Programs that are created in an art context for instance will not typically be
seen as tools (though they might).
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them without losing something meaningful about programs. The
facets naturally fall into dichotomous pairs, some of which almost
appear to contradict each other. These pairs are shown on opposite
sides in Figure 2. Incidentally, the tensions notational (script) vs.
executable (process) and abstract vs. concrete were already underly-
ing Eden and Turner’s attempt to “chart” an ontology of computer
programs [47]. In the following sections we focus on these pairs,
contrasting these different views, and demonstrating how each
provides a valuable viewpoint. Overall, the six facets summarise a
range of interesting perspectives on programs.

3.2.1 Notational Artefact vs. Executable Entity.

In the case of programming languages, the realization of the
formulated ideas in the information processing machine is —
in a certain sense — guaranteed. This is a fascinating property:
writing texts in programming languages cannot only be as
creative as poetry, the creations, more than in poetry, belong
to the real world as soon as run through the machine.

Heinz Zemanek (1966) [164]

Regarding this dichotomy, one of the insights comes from elabo-
rating on Eden’s ontological analysis [46], which conceptualises
programs as the merging of two “facets”: program script and pro-
gram process. The former sees a program as a piece of text — a
notational artefact. A program script can then be put on a par with
other cultural products. And a cultural object can affect reality, but
only indirectly, through the conscious intervention of a human
agent who is able to make sense of it. On the other hand, as an exe-
cutable entity, a program can give rise to a process, i.e, something
that occurs, so affecting reality somehow directly, independent of
a conscious intervention by a human agent. To put it differently,
whoever launches the process (if it is actually a human being) is not
required to know what will subsequently happen, and even the in-
tentional user does not need to know anything about the ‘how’ and
the ‘why’, and does not need to be cognitively involved in the task.
Thus, program processes can be used, with limited or no awareness
of what is going on behind the scenes, whereas program scripts can
also be written in order to be understood, as a means of expression
and communication. A similar distinction between script and pro-
cess features of programs was made by Zemanek [164]: “Language
theory is as well aware as is programming practice that languages
have the two aspects of description and prescription: of cognitive
vs. instrumental character; of declaration and command; of dealing
with states or with actions.”

To characterise programs from an educational perspective, i.e.
positing the development of logical thinking as a major goal, the
expressive side of programs definitely plays a prominent role. In
a nutshell, quoting Sussman and colleagues [1, 141], “a computer
language is not just a way of getting a computer to perform opera-
tions but rather it is a novel formal medium for expressing ideas
about methodology. Thus programs must be written for people to
read, and only incidentally for machines to execute.” Or, in Green’s
words [61], we “should think of [programs] also as being for com-
munication from ourselves to others, and as vehicles for expressing
our own thoughts to ourselves.” In particular, Green’s quote makes
the important role of introspection explicit.

Like natural languages, a programming language should then be
endowed with expressive power, but unlike natural languages, what
can be expressed with it must be intrinsically accurate, rigorous,
and unambiguous. In Minsky’s words [110], “If we view a program
as a process, we can remember that our most powerful process-
describing tools are programs themselves, and they are inherently
unambiguous.” This point was also emphasised by Zemanek [164]
from a semiotic perspective: “The language is the carrier and the
implementation of ideas; since it is very hard to handle ideas in
an abstract form, the language is an important instrument for the
expression, refinement and precision of ideas. So a programming
language is also a means of communication between a human being
and himself.”

We are used to think of the program notation as a device to com-
pose texts, but in fact different types of representational means can
have this function as well. For instance, the scholars participating
in the multi-voice discussion summarised in [156] reflect about
commonalities and differences among three programming envi-
ronments characterised by non-standard types of notation, with
the potential of reifying “objects so that the result of command
execution is visible as the position, size, rotation, and other visi-
ble state of the object changes” — what, in particular, encourages
“tinkering as a style of interaction.” (The peculiarities of each such
environment, more specifically Alice, Greenfoot and Scratch, are
addressed in more detail in the following papers of the same TOCE
issue [32, 92, 107].) In general, however, “[d]espite decades of study,
what makes a computer programming language easy to use for
people of all skill levels remains elusive” [140].

Regarding the process side of a program, again from an educa-
tional standpoint, a significant feature is that it should be amenable
to experimenting with it, that is to say, it is somehow “testable” via
execution by some unaware processing agent — more specifically,
unaware of the program’s purpose. The implied agent is of course
reminiscent of Wing’s (et al.) information-processing agent [162]
and is not necessarily a computer or some other type of computing
artefact, but in principle may also be a human passive instruction-
follower. In this respect, it is likely that the presumed “unawareness”
of the processing agent needs some further clarification, since the
borderline between what pertains to the processing agent and what
pertains to the programmer may not be so clear-cut. The agent is
indeed expected to know how to carry out a range of basic atomic
and structured actions the programmer relies on, which depends
on some (often implicit) context. In addition, very basic operations
under the responsibility of the agent are usually understood “from
scratch” in functional rather than merely mechanical terms, i.e. as if
the agent was aware of how to achieve particular (sub-)goals — this
is the case, for instance, of the arithmetic and relational operators.
To sum up: (i) when dealing with a processing agent, it is necessary
to make the context explicit in every detail; (ii) most commonly,
such an agent is, in its turn, a program process resulting from a
programming task at a different level.

A final observation, from a linguistics point of view, comes
from Tanaka-Ishii’s essay on the semiotics of programming lan-
guages [145]: “Computer languages are the only existing large-scale
sign systems with an explicit, fully characterised interpreter exter-
nal to the human interpretive system.” According to Tanaka-Ishii’s
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analysis, what makes the nature of programming languages differ-
ent from that of natural languages is that the meaning of program
signs (e.g. variable and function names) is articulated and fully
determined by their use within the program itself, and not by ref-
erences to exterior objects, namely the mental models of objects
in the problem domain, as the signs could be understood by the
programmer. This perspective also affects the way we can conceive
the relationships between more conceptual semantic models from
the one hand, in particular denotational semantics, and operational
semanticsmodels on the other. Although the denotational semantics
of a programming language, once it has been formalised, is able to
fully explain the meaning of programs written in that language, the
very structure of its definition is actually driven by an operational
model [155] of how the program behaves.

3.2.2 Human-Made vs. Tool.

[T]he relationships between function and structure are cen-
tral to our grasp of these concepts. Getting from function to
structure is a creative activity; it is the crucial design stage of
engineering. [...] It is also not possible to extract function from
structure [...]. While by testing and experimentation we may
be able to figure out what a device actually does, this may not
be what it was intended to do [...]. A functional description
must provide a black-box description that expresses what it is
intended to do. While the structure determines what it actually
does, the function is supposed to tell us what it ought to do.
That is, the notion of function, while having a propositional
content, is intentional in nature.

Raymond Turner (2018) [155]

The amenability of programs to be subjected to experiments brings
the program’s intended purpose into play. As remarked by Pair [116],
sometimes “the calculation is the end in itself, for example, if it
controls cartoons, or a game, or (more rarely) a robot; i.e. one is
interested in all or some of the stages through which the machine,
or a mechanism it controls, passes.” A noticeable example in the
educational context is programming as storytelling, e.g. [86, 150],
where the plan, the order of events is all that matters: program
and specification can hardly be distinguished. More often, however,
what we are interested in is not the way processing goes on, but its
final result, which can be identified by interpreting the final state of
a computation. And in this case the problem of justification arises:
Does the result actually achieve the intended purpose? Why? In
Janlert’s opinion [79, 80], in particular, justification should be a
necessary condition to regard something as a program: beyond
being causative (causing a process) and descriptive (describing that
process), a program is required to be justified, i.e. to have “a rational
explanation in terms of the goal of the process.”

From this perspective, a justification explains the logical con-
nections between program structure and program purpose. The
dichotomy of structure vs. function can be found at the core of the
philosophy of technological artefacts [94, 155] and inspires Schulte’s
Block Model framework [132] and its application to program com-
prehension tasks [77]. In this respect, programs — conceivably to-
gether with the “hard” physical devices that support them [155] and
give rise to the related processes — represent instances of human-
made technology, where the task of the designer is to creatively
devise suitable relationships between structure and function. Then,

ideally, program design, or synthesis, proceeds from function to
structure. On the other hand, program analysis, i.e. proceeding the
other way round from structure to function, is also very important
from an educational standpoint (program comprehension), and pro-
gram development is hardy a linear progression in practice anyway.
In both cases — of synthesis and analysis — the program structure
is understood based on a mental model of the computation and the
underlying notional machine [43, 54, 139], whereas the program
function (or purpose) bridges to a model of the application domain.

In light of the intended function (the purpose the designer had in
mind), a program can be seen as a tool from the user’s perspective.
The role of software systems as providing tools is at the core, for
instance, of Brooks’ Jr. [20] view of the computer scientist as a “tool-
maker,” who “succeeds as, and only as, the users of his tool succeed
with his aid.” Although mere use of programs is not, per se, a major
aim in computer science education, it could nevertheless help “to
make investigation of structure meaningful [...] to the learner,” as
pointed out by Schulte in his proposal of a “duality reconstruction”
process to connect technology “with individual and social expe-
riences and practices” [133]. In addition, use plays a significant
role within such pedagogical approaches as “Use-Modify-Create”
(UMC) [99], “Trial-Use-Configure-Create” [134], or “Predict-Run-
Investigate-Modify-Make” (PRIMM) [136]. Incidentally, in addition
to the intended function, we may observe the emergence of unan-
ticipated practices that can be ascribed to the users’ creativity,
psychology and social interactions.

Besides the conceptual aspects summarised above, devising, de-
veloping and using — or perhaps misusing — technologies presup-
pose either explicit or implicit values, and have cultural, ethical and
societal implications that may be intentional or even unintentional.
As seen in section 2.5, several such concerns have prompted critical
reflection about sustainable ways to include computing in K–12
curricula. One point on which all educators can be expected to
agree with, however, is that the values embodied in the technologi-
cal artefacts as well as the actual or potential impact on people’s
lives and relationships should be made as visible as possible to the
students.

3.2.3 Abstract Entity vs. Physical Object.

As object-oriented programmers, our language says that things
as various as shopping carts, chat rooms, and network sockets
exist, in some sense, in our computational processes. Have we,
in 60 years, come any closer to saying what there is in a compu-
tational process? Do our powers of abstraction as programmers
have any effect on what there is?

Timothy Colburn (2006) [28]

Although apparently antithetical to each other, concrete and ab-
stract traits can coexist when we think about programs. On the
one hand, we usually make sense of the behaviour of a program by
envisaging a world of abstractions that somehow come alive in our
mind, thus actually dealing with an abstract entity. On the other,
it is also a concrete physical object as soon as we code, manipulate
and run it by means of a computing device. Because of this sort
of ambivalence, Hailperin et al. define computer science as “the
discipline of concrete abstractions” [67].

Programs as abstract objects can be put on a par with mathemati-
cal abstractions — see Eden [46]. Programs as concrete objects can be
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approached both from an engineering perspective, focusing on the
design of (concrete) technological artefacts, as well as from a scien-
tific perspective, seeing programs as (concrete) objects to explore
— see again Eden [46]. These three perspectives — mathematical,
engineering and scientific — lead to different conceptualisations
of programs in terms of ontology, methodology and epistemology.
However, all three are involved to some extent in any standard pro-
gram development process: the abstract view is prominent when
the text of the program, including its documentation, is meant to
explain to others how it solves the problem at hand; the engineer-
ing perspective is taken in the design and refactoring stages; finally,
and probably for much of the development time, an experimental
approach underlies the testing and debugging stages, when the pro-
gram behaviour turns out to be partially unknown, which makes
the actual program (as opposed to the ideal one) an object to ex-
plore. Experimenting with computing artefacts, in a scientific sense,
has also been proposed by Schulte [134] as a suitable pedagogical
means to motivate learners “to uncover structure behind function.”

3.2.4 Less “Traditional” Types of Programs from the multifaceted
perspective.

There are now other ways of producing programs, however,
that do not seem to require that anyone has had a clear com-
prehension of how the problem is solved, in the sense of having
a subjective method. Two examples of such techniques [...] are:
training an artificial neural network to do the task; using an
evolutionary algorithm to evolve a program.

Lars-Erik Janlert (2008) [80]

Janlert [80] distinguishes between “traditional” and “dark” pro-
grams. The former result from formalising subjective methods, i.e.
procedures with a transparent rationale, that in principle could be
carried out mindfully by the designer him/her-self. The latter are
instead produced by processes with a very different nature, such as
training artificial neural networks or evolutionary techniques.

Another way to explain the peculiar nature of dark programming
forms refers to the distinction between intensional vs. extensional
definitions in mathematics, e.g. [56]. In more traditional forms of
programming, we are primarily concerned with the intension of
the set of pairs defining the input/output relationship — in partic-
ular by characterising a suitable algorithm: “An algorithm which
computes a function is a function definition [...]. In this case, the
extension is the eventual output, whereas the actual computation
is the intension” [56]. In “dark programming”, on the other hand,
we are concerned directly with the extension, namely, (a sample of)
the pairs that belong to the input/output relation.

How do these two types of programs relate to the different pro-
gram facets listed above? As technological artefacts being under-
stood from a structure/function perspective, traditional and dark
programs have essentially a similar nature. Likewise, in both cases
the concrete physical instantiations of programs, on the one hand,
as well as the processes they give rise to, on the other, can be
considered alike in nature.

However, a major distinction can be drawn regarding the ab-
stract facet of programs. Abstractness pertains to and makes sense
only as a construction of the human mind. Now, in any nontrivial
sense what is commonly meant by an abstract understanding of a
traditional program cannot be equated to an abstract understanding

of a dark program. Abstraction for a traditional program (program
comprehension) presupposes, at least in principle, complete knowl-
edge and full mastery of the logic by which that program achieves
the intended goals, regardless of running it on a physical device.
The approach with dark programs, on the other hand, is usually
more empirical, and develops from incomplete or somehow more
fragmentary strategic knowledge before executing them.

These different types of abstraction also have implications for
our understanding of the nature of program scripts. Unlike the case
of dark programs, the script of a traditional program can also (if not
mainly) be aimed at conveying and communicating the underlying
(abstract) ideas — at least, unless it is just treated as a mere “bunch
of data,” as in Van der Poel’s scenario reported in [112]: “a program
is a piece of information only when it is executed. Before it’s really
executed as a program in the machine it is handled, carried to the
machine in the form of a stack of punch cards, or it is transcribed,
whatever is the case, and in all these stages, it is handled not as a
program but just as a bunch of data.” And a “bunch of data” nature
would in fact apply equally well to dark program scripts.

Because of the significant distinctions outlined above with regard
to the abstract view of programs and the role of program scripts, as
well as in order to avoid introducing too many concepts that may
potentially confuse the readers, we eventually decided to devise a
framework focused on “traditional” programs. In the latter respect,
for instance, students’ difficulty to appreciate “the conceptual dif-
ference between training a neural net and the finished product, a
trained neural network,” has been observed by [75].

3.3 Part II - How programs are created
At its core, programming is about taking a problem defined in
the problem domain and building a solution using the tools of
the solution domain.

Alexandron et al. (2014) [4]

Part II of the framework complements the discussion on programs’
facets by depicting, through a concept map, the relationships of
programs with other concepts that are usually referred to when
talking about programs. The map is shown in Figure 3.

As pointed out by Alexandron and colleagues [4], meaningful
programs must be understood in connection with some extrinsic
(to the program) context that imparts the meaning. The significance
of the relationships between the machine and the “outside world”
is emphasised, in particular, in the software engineering milieu:
see e.g. Jackson [78], who argues how basic it is to try and find a
balance between the competing demands of these two contexts.

The definitions of “program” presented in Section 2.1 can be
reviewed in light of the concept map and the related description.
As in Hopper’s definition [70], a program implements an algorithm,
which provides a method to solve a problem; at the same time a
program formalises an algorithm in a programming language under-
standable by the machine, as in Knuth’s definition [87]. Dijkstra’s
focus on symbol manipulation, made concrete by the presence of
a computer [40], can be found in the concept map’s relationship
between the computing system and the digitally encoded data that it
processes. Finally, the implementation of an algorithm as a program
must comply to specific computing system’s constraints, as those
mentioned in Denning’s definition [37].
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Figure 3: Concept map showing the relationship between programs and other relevant concepts.

Some precursors of the proposed concept map can also be found
in Eden and Turner’s program abstractions taxonomy [47], where
they tie through “concretisation” processes the Programs category
to other related categories, namely: Program Scripts – subdivided
in their turn into Source Code and Machine Code; Program Processes
– their dynamic and then temporal counterpart, concerning the
program execution; Metaprograms – abstract program descriptions
such as algorithms, automata, design specifications; Hardware –
physical computing machines.

Even though most of the concepts in the map are already men-
tioned or implied in Part I as well, the goal of Part II is to better
clarify the relationships as well as the distinctions between them.
Some of the components represented in the concept map can also
be seen in connection with the abstraction hierarchy introduced
by Perrenet & Kaasenbrood [123], who identified four levels of
program comprehension:
1. execution level, focusing on a specific run of the program on a

concrete specific machine;
2. program level, seeing the program as a process, described in a

specific programming language;
3. object level, understanding the algorithm described by the pro-

gram, independent of any specific programming language;
4. problem level, where the algorithm can also be viewed as a black

box solution to some given problem.
Three of the concepts in the map, namely, the computational

problem (problem level), the idealised computational agent (a basis
for the program level), and the algorithm (object level), are clearly
connected to the abstract facet of programs. The algorithm, in par-
ticular, represents a central notion in computer science and it is
very close to the concept of program, in that they both describe
methods to automatise the solution of a problem. As we see in Per-
renet & Kaasenbrood’s hierarchy, what distinguishes an algorithm
from a program is the fact that the latter needs to be expressed in

a formal language, whereas the former is usually described more
freely, but still with sufficient accuracy so that one can check its
correctness and determine its complexity. However, to allow this
formal analysis the algorithms are to be conceived in terms of some
machine model (e.g. RAM, PRAM, pointer machine), which is in
fact a mathematical description of an idealised computational agent.
To wrap up, an algorithm is the abstract idea of a method to solve
a problem, whereas a program is a formal description for such a
method. This distinction is not clear cut, since for any algorithm
to be expressed (either for other people to understand it, or for
a computational agent to execute it), some notational medium is
needed (see the notational facet of programs), precisely as some
notational medium is needed to convey any mathematical idea or,
more generally, some linguistic medium is needed to communicate
ideas in general. Thus, when we try to define formally the two
concepts, the differences between them tend to blur as they engulf
each other.10

In practice, algorithms are often expressed by a mixed use of nat-
ural language and high-level semi-formal languages (i.e., in pseudo-
code), which are loosely defined if compared to programming lan-
guages. This might even introduce some ambiguity in the descrip-
tion of the algorithm — which would instead be removed by using
a precisely defined syntax and semantics (or an implemented com-
piler/interpreter for that matters) — however it offers the benefit of
reducing the cognitive load while either explaining or understand-
ing the algorithm, hence enabling to focus on the algorithmic ideas,
abstracting from the details of a stricter notational representation.
This is particularly important if we consider that algorithms are
intended to be understood by people, not by machines. A good
example to illustrate this trade-off between detailed accuracy and
readability is the formal language that Knuth introduced in order

10Simone Martini, personal communication, 2022. See also his presentation held in
2020 available at http://www.cs.unibo.it/~martini/TALKS/Simone-anglais.pdf.
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to avoid ambiguities in the description of the algorithms analysed
in his seminal work [87, 90]. Interestingly, Knuth himself seems to
suggest a move in the opposite direction when elaborating on the
idea of literate programming [89].

Beyond their differences as to the appropriate notation, both
programs and algorithms do nevertheless imply some underlying
“interpreter”, that is, a computational agent able to either execute
the algorithm ideally or to execute the program physically (the
focus of Perrenet & Kaasenbrood’s execution level). The identifi-
cation of such an interpreter might be more or less explicit, but
both the programmer and the algorithm designer need to have a
consistent operational mental model of it, i.e., they have to assume
a predefined set of specific actions that the interpreter is able to
carry out. The computational agent underlying the design of an
algorithm is idealised, and is conceived at a high level of abstraction,
whereas the one implied when writing a program is embodied in a
specific computing systems aimed at physically processing digitally
encoded data (see the physical and executable entity facets of pro-
grams respectively at page ix and xiii in Appendix A). It is worth
noting that, for the sake of simplicity, we decided not to distinguish
between “source code” and “machine code”, since several levels
of interpretation or translation can be involved, while the general
notion of having a precise description for an executor does not
depend on such a layered organisation.

The last concept in the map that relates to the abstract facet
of programs is the computational problem, i.e., the information-
processing counterpart of a real-world need or endeavour, which is
instead connected to seeing programs as tools.

The human-made facet may not seem to be linked to any specific
concept in the map. However, it becomes apparent if the concept
map is used to illustrate the programming process, i.e., how pro-
grams are developed (see p. xviii of the NoP framework in Appen-
dix A). As already discussed in the Introduction, we use the term
“programming” to refer to the overall process of creating programs,
which encompasses many different activities, such as modelling,
algorithm design, program implementation, verification, and val-
idation, all activities that are carried out by humans — possibly
with the support of other programs, e.g., editors, compilers or even
complex code generators, like the ones that go under the name of
“low-code” or “zero-code” platforms.

While in practice the distinction between these activities might
be blurred or even intentionally ignored (for example, test-driven
development somewhat coalesces specification and verification
[10]), we argue that, especially in an educational context, it is worth
recognising them separately, because understanding their role in
programming is a fundamental step towards making sense of the
programs’ nature. The order in which we presented them in the
framework, however, should not suggest they are to be carried out
sequentially; on the contrary, this is in fact the reason why we
chose to use a concept map instead of, for example, a flow diagram.
In other words, we want to keep an agnostic viewpoint with respect
to any software life-cycle or process model.

Software development phases have been studied at length [98].
For the purpose of our framework we considered the five activities
mentioned above (modelling, algorithm design, program imple-
mentation, verification, and validation). This means broadening
the scope with respect to what is usually covered in introductory

programming courses (particularly in K-12), which unfortunately
are sometimes restricted only to implementing programs (usually,
under the term “coding” [103]), or, in the best case, to modelling real-
world needs and relevant information, or to designing algorithms
to solve problems or accomplish tasks (see also [84]).

The distinction between verification (i.e., testing whether the
program does indeed solve the computational problem it is sup-
posed to solve) and validation (i.e., assessing whether the program is
appropriate to meet the real-world need from the user perspective)
might appear subtle (despite the classical imperative to “do the right
thing, do it right” [138]), but we deem it very important from the
educational point of view and for a user-centered view of comput-
ing systems. As a further justification for taking into account this
point, it may also be worth observing that the distinction between
verification, specifically by formal means, and validation in light of
the user’s expectations is pointed out in a personal note by Dijk-
stra [41], who refers to these endeavours in terms of “correctness
problem” and “pleasantness problem”, respectively.

On the other hand, we left out from the concept map all the
complexities arising from considering the (planned or unplanned)
evolution of software artefacts and their maintenance. While defi-
nitely relevant for the professional programmer (flexibility is in fact
one of the key properties of software), these problematics cannot
be a priority for general education, since they would introduce a
proliferation of technical concepts and their value would be hard
to grasp without reference to specific professional practices [24].

4 FEEDBACK ON THE FRAMEWORK
In this section feedback from educators and computer science ex-
perts is presented.

A draft of the NoP framework was distributed via several mail-
ing lists reaching people interested in computer science education,
including both K-12 teachers and academics. They were asked to
complete a questionnaire that was devised by the research team
(reported in Appendix B) with questions about the scientific sound-
ness of the document, and its interest, usefulness, and readability
for the educational context. The survey used mandatory Likert scale
questions and optional open-ended questions. The responses were
anonymous and did not contain information that could identify the
respondents, the only personal pieces of information being their
role as educators and their computer science background expertise.

In total, 31 survey responses were received, with almost all of
them coming from academic educators (five were secondary school
teachers of computer science, one was a secondary teacher of a
different subject, one person listed themselves as both an academic
and a K-12 teacher). All the respondents claimed to know about
programming, with most identifying themselves as experienced
and only four as beginners. All respondents consented that their
answers could be analysed and used by the members of WG5 at
ITiCSE 2022.

The research team did not expect to attract a large number of
respondents as the requirement on the participants was rather oner-
ous (the requirement was to read a 20-page document and then
answer a range of questions, many asking respondents to write
text). Nevertheless, the responses received provided insightful com-
ments, based on the respondents’ expertise and accurate reading of
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the framework. 25 out of 31 respondents answered to at least one
of the optional open-ended questions; more precisely, 98 unique
answers were received and were individually analysed. First they
were classified according to their reactions to the framework. These
included: strong objections, concerns, suggestions, minor remarks,
and appreciations. Those that were classified as “concerns” were
then further analyzed identifying recurrent themes, which will be
elaborated on further in Section 4.2.

4.1 Summary of answers to Likert’s scale
questions

Overall, 25 respondents found the idea of characterising programs
through the facets useful and only one disagreed explicitly (five
people were neutral); 23 found the facets interesting (one disagreed,
seven neutral), 22 found them insightful (five disagreed, four neu-
tral), and 22 found them easy to understand (four disagreed, five
neutral). The concept map was found clear and easy to understand
by nineteen respondents (five disagreed, seven neutral), interesting
by 23 respondents (three disagreed, five neutral), and useful by 22
(two disagreed, seven neutral). The description of the processes
involved in programmingwas found clear and easy to understand
by 22 respondents (three disagreed, six neutrals). 25 respondents
found the facets relevant from an educational perspective (only one
disagreed, five neutral); 25 respondents found the concept map
relevant from an educational perspective (three disagreed, three
neutral); the description of the processes involved in program-
ming was found relevant by 25 respondents (four disagreed, two
neutral); 22 found the examples given in the Section about how
programs are created relevant (four disagreed, five neutral). Finally,
Figure 4 shows the agreement on the statements: “The description
of this facet makes sense”, “The impact section of this facet helped
me better understand this facet”, “The examples given helped me
better understand this facet” for each facet.

This feedback came from a small sample, with a strong bias
towards academics. Despite this, the feedback is certainly encour-
aging.

4.2 Summary of answers to open-ended
questions

All 98 answers to the open-ended questions were analysed individ-
ually. As some of them mentioned different aspects, they were split
further into separate comments.

Each comment was classified according to its level of severity.
Overall, there were strong objections (by five respondents), con-
cerns (by 17 respondents), suggestions (by 10 respondents), minor
remarks (by five respondents), and positive comments (by 10 re-
spondents). In many cases, there were comments with different
levels of severity for a single respondent (hence the total is higher
than the number of respondents).

The strong objections were about the goal or the scope of the
framework and they can be summarized as follows11: the content
presented in the document is already well-known and it’s not clear
what the contribution of the NoP framework would be (objections
mentioned by three respondents); the scope is ill-defined, as the
11the numbers sum up to six instead of five since one respondent expressed two such
objections.
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Figure 4: Number of responses with “Agree” or “Strong agree”
on Description, Impact, and Examples for facets; the number
of respondents is 31, disagreements and neutral responses
are not reported.

terms “program” and “programming” mean dramatically different
things to different groups of people (objections raised by two re-
spondents, one of them even suggested — with a citation of [157] —
that programming is a term to avoid in education); the framework
is too computer science oriented (one respondent).

The comments that raised any concern were analysed in more
details. Some concerns were recurrent and regarded:

• The “physical object” facet (eight respondents). Some respon-
dents consider the program as separate from its representa-
tion; what is physical is the device that runs the programs;
some comments suggest a further distinction between the
program and its incarnation with measurable physical prop-
erties (not only space or mass, but any physical attribute).

• The “human-made” facet (four respondents). The fact that
sometimes programs are themselves written by other pro-
grams is overlooked; one comment was about DNA, a pro-
gram made by Nature, not humans; and that the role of col-
laboration in the development of programs is not sufficiently
acknowledged.

• The distinction between “abstract entity” and “notational en-
tity” (two respondents). It’s not clear from the description
what is meant with abstraction; the examples for abstract
entity involve also notational issues and the distinction be-
tween these two facets is not clear.
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• Scope of term “program” (two respondents). The examples
range from simple programs to very complex software sys-
tems or services, overlooking their differences, and this may
be misleading for non-experts.

• The evolution and maintenance of software (two respondents).
These aspects are not sufficiently emphasized.

The other comments in this category involved a variety of spe-
cific aspects, including:

• human values have a central role and neglecting them can
lead to programs that can be used to manipulate users;

• the concept map does not encompass the humanistic per-
spective;

• in Part I the distinction between algorithms, programs, and
software systems is blurred.

Finally, some respondents mentioned aspects that would be worth
discussing or at least acknowledging: programs as a computa-
tional/mathematical entity; the artistic/aesthetic aspect of program-
ming; the need of unambiguous semantics for a program to be
executed; programs as data.

5 DISCUSSION AND FRAMEWORK REVISION
This section discusses the feedback obtained through the survey,
and reports on how the framework was revised accordingly.

Overall, the feedback from the respondents is encouraging. Ten
respondents commented positively, highlighting and appreciating
some particular aspects or parts of the framework that they liked,
or the work in its entirety. This is worth noting, as all open-ended
questions in the survey asked for constructive criticism of the frame-
work rather than affirmation.

The strongest criticism received objected to the overall purpose
of our project, finding its scope too broad or ill defined. As a matter
of fact, the very motivation to embark on the enterprise of develop-
ing a NoP framework was precisely the fact that the concepts of
program and programming are very broad and diversely defined
both in the literature and in the educational contexts. However, the
criticism led us to realize that the first version of the Framework
lacked a clear presentation of its purpose, hence we decided to
drastically revise the introduction, change the subtitle, and add
an executive summary in order to clarify from the start aims and
intended audience. In addition, we stated more explicitly what is
covered in the Framework and what is not (e.g., non-traditional
programs).

Specific aspects were mentioned that were overlooked, not em-
phasised enough, or that needed further clarification. Interestingly,
most of the concerns raised had already been discussed by the re-
search team during the development of the framework; in several
cases, not covering or emphasizing some aspects was an intentional
choice, as illustrated in the previous sections (e.g., the decision of
leaving out the evolution of software is discussed in Section 3.3).
Nevertheless, such comments helped the research team realize that
some parts of the exposition did not come across clearly enough
or could be enriched, and that some of the choices could be made
more explicit in the document.

In what follows next, further detail is provided to describe how
the research team addressed the concerns described in Section 4.2.

Concerns about the “physical object” facet. The research team be-
lieves that the concreteness of a program is important for practical
reasons (the program must be somewhere to be executed, there
are no programs in the “clouds" for example) and for grasping its
relationship with the machine which executes it. This was self-
evident in the past — for example ENIAC’s programs were “reified”
into visible cable connections — however it is now at risk of being
overlooked by many. The description of the “physical entity” facet
was revised to clarify this point. Additionally, the following text
was moved under the “tool” facet (it was originally inappropri-
ately included under the physical facet as it mentions the physical
device):

A program can turn the same physical device (such as
a mobile phone) into a camera, a messaging system, a
notepad, a weather prediction system or a game. This
is made possible by the fact that the devices are pro-
grammable, and this flexibility has led to the ubiquity
of programs, since new software can be created to
run on existing hardware. Thus, it is not unusual that
mobile phone users carry dozens of programs with
them, making the phone role just one of the many
functionalities of the device.

Concerns about the “human-made” facet. It was made clear, in the
introduction of the NoP framework, that the focus is on programs
that implement human-designed algorithms, which means that
programs produced for instance by evolutionary programming or
machine learning techniques are left out.

One respondent objected that DNA (Deoxyribonucleic acid) is
a program that is made by nature and not humans. However in
our view this remark is not convincing, since, more appropriately,
scientists understand the role of DNA in biology as analogous to
the one that programs have in computing systems. Or, biologists
can use DNA or RNA (Ribonucleic acid) to aim at programming a
cell, but in that case they act similarly to electronic engineers with
voltages, and such programs are still human-made artefacts. This
comment led to the following paragraph being inserted under the
“human-made” facet:

One could consider the phenomena of nature itself
as systems that process information (think of DNA
transcription or plants that use chemicals to transmit
information). But, unlike these systems, computer
programs are built by humans intentionally to exploit
information processing devices.

Concerns about the distinction between “abstract entity” and “no-
tational entity”. As remarked by Zemanek [164] (see Section 3.2.1),
abstraction implies the use of some notation and then the two facets
are necessarily connected in some way. However, it is acknowl-
edged by the research team that many examples illustrating the
“abstract entity” (present in the draft version of the framework)
relied too much on notational issues, such as:

Simple programming languages for beginners some-
times have instruction sets like “Forward”, “Right” and
“Left” to program a sprite or robot to move around.
In some languages these might be written as “F”, “R”
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and “L” respectively, and in another they may be rep-
resented as corresponding arrows. . . .
When planning how to implement a program, inter-
mediate notations such as pseudo-code, UML, or even
just rough notes, are useful . . .

The examples were modified so that they focus mainly on abstrac-
tion, and the description was clarified to explain the relation be-
tween the two facets.

Concerns about the scope of term “program”. It was made explicit
in the introduction of the NoP framework that term “program”
is used in a broad sense, ranging from simple programs that are
studied in computer science classes, to complex software systems or
services such as an operating system or a social network. Despite
the differences in their sizes, complexity, and user involvement
have a very important and clear role (especially considering the
development process and the impact on their users), in fact they all
share the same nature, as described and argued in the multifaceted
characterisation presented in the NoP framework.

6 LIMITATIONS
Before moving to the conclusions, here we summarise for the sake
of clarity some limitations of our study, most of which have already
been discussed above.

Non-traditional programs. Our focus is on programs formalis-
ing algorithms fully conceived by the human mind, so that we
can explain in detail how the intended goal is being achieved. As
discussed in Section 3.2.4, “non-traditional” programs whose im-
plemented logic is not directly devised by humans, but results from
elusive mechanisms12 (for example, via evolutionary programming
or machine learning techniques) are left out of our present scope.

Maintenance and evolution of software. The concept map pre-
sented in Part II of the Framework ignores all the complexities
concerning the (planned or unplanned) evolution and maintenance
of software artefacts. While definitely relevant for the professional
programmer (flexibility is in fact one of the key properties of soft-
ware), we believe these topics cannot be a priority for general ed-
ucation, since they would introduce a proliferation of technical
concepts, whose value would be hard to grasp without reference to
specific professional practices [24].

Multifaceted characterisation of program nature. The literature
review suggests that the nature of programs is multifaceted. The
choice of precisely the six particular facets introduced in Section 3.2
was in fact a specific outcome of the discussion within the working
group, but we acknowledge that other different choices could have
been made. Still, we believe that these six facets are especially
meaningful for a number of reasons. First, other kinds of artifacts
essentially lack the features of at least one of the discussed facets,
making their combination somehow unique to programs. Moreover,
each of the six facets reflects relevant aspects that are debated in the
literature. Last but not least, identifying these different facets might
not be obvious for educators without a background in computer

12Notice that we are referring to the program’s logic, and not merely to its code, as
machine-produced.

science, whereas we think that this perspective could be inspiring
for instructional purposes.

Perspectives about the nature of programs. The literature spans a
variety of contributions about the nature of programs from epis-
temological, philosophical, and historical perspectives. We drew
a partial picture of this landscape in Section 2.1; however, we de-
liberately refrained from delving too deeply into philosophical
arguments. Instead, we aimed for an analysis that, on the one hand,
relies on the existing literature, and, on the other, targets an audi-
ence who, although not specialized in the field, would benefit from
a broader understanding of the rich nature of computer programs.

Validation of the Framework. The feedback obtained from the
survey respondents is encouraging, but the sample we managed
to reach is clearly small and under-representative, particularly in
regard to primary and lower-secondary educators. This was mainly
due to the time constraints of the working group’s project, that
did not allow for a broader and more systematic validation of the
Framework. However, we are planning to collect additional insights
in future follow-up work.

7 CONCLUSIONS
There are many views of what a program is, and by collecting
and connecting the different facets that programs display we have
uncovered a rich range of angles from which to view this intriguing
object that appears in so many circumstances of daily lives. The use
of computer programs on digital devices has evolved considerably
in the relatively short time-scale that they have existed, and while
statements about computer programs from the 1950s are still true,
the range of contexts in which programs are used has evolved
considerably. In the early days, a computer was a single expensive
device owned by some large organisation and was applied to a
limited range of purposes, but now individuals own or use multiple
devices, and each device is potentially loaded with hundreds of
programs. It is therefore not surprising that we can uncovermultiple
facets that help us to understand what a program is, rather than
the narrower characterisations prevailing in the past.

Of course, watertight definitions are elusive, our understanding
of technology evolves, and it is difficult to identify clear boundaries
to which part of a system is a program. Indeed, very often what
appears to be a “program” is a gateway to a profusion of programs;
even a simple weather forecast app, when launched, will invoke a
variety of network programs communicating with each other, and
that in turn collect data produced by a remote program, or group
of programs. Hence, our goal has been to open up the view of what
a program is, rather than draw a tight boundary around it.

At the current stage of our endeavour, we envisage some possible
perspective work around the framework and a few related research
directions. To begin with, as most of the responses received were
from computer science academics, we plan to collect additional
feedback from a larger sample of K-12 teachers spanning all the
instruction levels, and possibly from different countries. Since read-
ing the entire document and answering the open-ended questions
may be too demanding a task for teachers, instead of using an on-
line survey we think of organizing reading groups where they can
discuss together and critique the various aspects of the framework.
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Then, based on teachers’ suggestions, we could further refine the
NoP framework.

Furthermore, teachers are usually interested in practical, con-
crete activities to propose in their classes. In this respect, it would be
useful to develop, possibly with their cooperation, a repertory of stu-
dent tasks that highlight the role of each one of the program facets.
Finally, the framework could be complemented with annexes that
cover more advanced programming topics and/or non-traditional
programs.

From a research perspective, it would be interesting to investi-
gate on students’ and teachers’ views in connection with the six
program facets; more specifically, we mean their spontaneous views,
developed without knowing about the NoP framework. Another re-
search directionmay address the question of whether/how students’
perception of computer science and programming — and perhaps
the perception of teachers involved in PD programs — changes
before and after being exposed to the NoP framework.

To sum up, as a result of the developments of our endeavour,
we hope that the NoP framework could help educators, curriculum
designers and policy makers to have an informed view of programs
and programming. This would also enable our students to better
understand how they can approach learning to program, with a
deeper comprehension of the powerful idea of “program”.
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What is a computer program? This may seem to be a trivial question, yet 
programs are strange creatures with a multifaceted nature that eludes simple 
definitions.  
The purpose of this document is to provide educators and policy makers with a 
broad, integrated view of the Nature of Programs, which can permeate the design 
and implementation of classroom activities aimed at introducing students to the 
basic principles of computer science and programming. 
In the first part of the document, we describe the nature of programs through 6 
different facets, each showing a different way of understanding what a program 
is. In the second part we discuss what is involved in the process of creating and 
developing programs, beyond simply "writing code," and relate the concept of 
program to other central concepts in programming and computer science. 
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Introduction 
Computer programs permeate our lives more than a lot of people might recognise. Every app and 
digital device that we use involves running computer programs that have been developed for a 
purpose:  

- the alarm that wakes us; 
- the kitchen appliance that we use to prepare breakfast; 
- sharing events in our lives with our social networks; 
- our decision about what to wear based on a weather forecast; 
- the transport (public or private) we take that is controlled by computers; 
- the tasks we accomplish during the day, which could include using email, word processing, 

computer-controlled tools, digitally delivered plans, and mobile communication; 
- a point of sale terminal in a shop; 
- a feature on a mobile device that makes it work as a phone or a radio; 
- and much more! 

In other words, programs have steadily become ubiquitous and, in many cases, “seamless”: they are 
there but you cannot see them. 
 
So why are computer programs so widely used, and what makes them so versatile and powerful? Is 
there value in students being able to understand what is behind these apps that regulate and control 
our everyday lives? And what does programming involve? 
 
Answering these questions is not straightforward, as the multifaceted nature of the programs makes 
it difficult to summarise their key features in a few words. Instead, there are so many different 
aspects of programming that it is valuable to explore them in depth, as we will do in these pages. We 
are particularly interested in doing this so that educators can develop a broad view of what programs 
are and how they are created.  
 
In Part I we describe what a computer program is using six different facets that show complementary 
ways of understanding what a program is. In Part II we investigate, without committing to any 
specific software development methodology, what the creation of programs entails, in order to 
broaden the understanding beyond simply “writing code”. 
 
The term “program” is used here in a very broad sense, ranging from simple programs that are 
studied in introductory CS classes to complex software systems or services such as an operating 
system or a social network. In fact we believe that all these share the same nature, as described and 
argued in the six facets description, despite their differences in their size, complexity, and user 
involvement (while acknowledging that those differences have a very important role, especially 
considering the development process and the impact on their users). 
 
We restrict ourselves to programs that one could call “traditional”. That is, our focus is on programs 
that are an implementation of human designed algorithms, which consequently allows us to explain 
how they achieve their intended goal. Such a decision leaves out of our scope programs whose 
implemented logic is not human made but machine produced 
 (e.g. by evolutionary programming or machine learning techniques). 
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Part I: Facets of programs 
 
Programs are many things to many people – to some they are tools important for their day-to-day 
work, or even have created jobs that didn’t exist a few years ago (such as YouTubers, Influencers, 
or Data Scientists); to others they are artefacts worthy of study in their own right; and to others they 
are a threat to the environment and society. In education, programming can be an exercise in 
problem solving that may open up whole new possibilities, or it might simply be an interesting 
intellectual exercise. 
 
The motivations and methods for teaching students to program also vary depending on which of the 
above views are emphasised. Our goal is to thoroughly explore what a program entails so that those 
involved in education (both teachers and students) can develop a richer view of what this core 
component of computer science is about. 
 
In order to reflect such a broad view, we have identified six facets, which together give us a 
diversified understanding of computer programs, as follows: 
 

- Programs are used as tools 
- Programs are human-made technology 
- Programs are physical objects 
- Programs are abstract entities 
- Programs are executable entities 
- Programs are notational artefacts 

 
It is because programs involve all of these different facets that they can be differentiated from other 
technologies and ideas. 
 
Figure 1 shows visually the six different facets of programs that we will discuss.  
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Fig. 1: Diagram showing the six programs facets and their interrelations  
(the colours of the arrows reflect the concept maps in Part 2). 

 
The facets are complementary, and even sometimes apparently contradictory. In addition to 
exploring each of the six facets, we will discuss three dichotomies between pair of facets that are at 
the opposite sides in the diagram: notational vs executable, abstract vs physical, and human made 
vs being a tool that humans use. 
 
The remainder of this section explores the facets in some detail. Each facet has a description, a 
discussion of its impact, some examples of how the facet might be observed in action, and for each 
opposed pair, a brief exploration of the dichotomy it entails. To save time, we encourage you to read 
the description, and then skim the extra sections for useful supporting ideas. 
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Facet 1: Tool 
For many people using digital devices, a program is a tool to support them in 
their work and leisure. People depend on tools for their daily activities. 
Programs (such as photo editing software, an alarm clock, spreadsheet, video 
game, video editor or a weather prediction system) are used to enable people to 
work more effectively, to be more creative, and to communicate with a wider 
audience than they could without the tool.  

A program can turn the same physical device (such as a mobile phone) into a 
messaging system, a notepad, a weather prediction system, a game, or even a camera if proper 
hardware components are available (such as optical lenses and light sensors). This is made 
possible by the fact that the devices are programmable, and this flexibility has led to the ubiquity of 
programs, since new software can be created to add new functions to existing hardware. Thus, it is 
not unusual that mobile phone users carry dozens of programs with them, making the phone role 
just one of the many functionalities of the device. 

Often these tools are taken for granted and are so ubiquitous that they blend into the background. 
Sometimes they only become visible when something goes wrong. Moreover, tools are not neutral, 
but embed values and force people to act according to predefined views and expectations.  

 

 

Impact of programs as tools 
Since programs are also tools, their impact on so-called users and the way the user is being 
modelled in a program need to be considered when educating students about computer programs. 
The computing industry has not only created tools for a diverse range of uses, from military 
applications to regulating our social lives, but it has also developed implicit interpretations of how a 
tool might be used, so these programs also reshape the domain of use, resulting in new problems 
and challenges. For example, social media started as a way to access news about people and 
events, but the particular ways in which social media provides us with that information means that 
we are receiving targeted news that has been chosen by an algorithm based on data it has gathered 
about the user. This makes the news relevant to the user and increases the impact as it is targeted 
specifically to the user, but it can also have the unintended impact of amplifying misleading 
information. Moreover, while programs have an intended use while being created, in the hands of 
users they can develop into a tool in their own right with potential uses beyond what the designers 
had anticipated.  

Examples of programs as tools 

● Transport such as automating the operation of a car, assisting navigation, organising international 
travel. 

● Supporting people to communicate, including social media, video conferencing, email, mobile 
messaging. 

● Automating shopping, which includes speeding up the checkout process, enabling self checkout, 
online shopping, and other ways of giving the customer empowerment over the process. 
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● Recreation, including games, entertainment, creation and viewing of films, and creating and 
listening to music. 

● Managing our environment, including energy access and use, heating, lighting, and security 
systems. 

● Apps created for niche purposes, such as rain radars, or knowing parking restrictions in local 
streets. 
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Facet 2: Human-made  
People make programs to satisfy human needs, including induced ones, or the 
need to express oneself. One could consider the phenomena of nature itself as 
systems that process information (think of DNA transcription or plants that use 
chemicals to transmit information). But, unlike these systems, computer 
programs are built by humans intentionally to exploit information processing 
devices.  
 
Programs are made as tools with a purpose not only for the user (such as 
providing them with a good text processor) but also the maker (to earn a living 

or acquire information). Commonly a program is made by teams of people, and the systems 
developed may consist of many interacting programs, so to be good at making this technology, 
social skills come into play very quickly (such as teamwork, communication, collaboration, creativity, 
problem solving, and critical thinking). A developer needs to be able to discuss options, argue for 
different solutions to a problem, and work with others to create a suitable solution. Many steps of this 
process use software tools themselves to make programming more efficient, but the key driver is a 
person or people with an idea. 
 
Because programs are human-made they are not value-free. The values, ideas and ways of thinking 
of developers and businesses that are creating programs are reflected either explicitly or implicitly in 
a program and the ways it can be used. Moreover, since programs are made by humans, and 
humans are not infallible, one needs to keep in mind that programs too may contain errors.  
 

 

Impact of programs as human-made  
Programs are human made, which means that they embed the ideologies, intentions and ways of 
thinking of the developers and the organisations that make programs available. It is important for 
children to be aware of this facet. For instance, it is important to realise that when they are using an 
App on their phone for “free”, the group of people who created that program might be gaining income 
in another way, perhaps by collecting the children’s data and selling it to some other business, or re-
using that data to feed to their machine learning programs. On the other hand, “free software” (using 
“free” in the sense of “freedom of speech”) can help level the playing field, as it is an efficient way of 
sharing ideas and avoiding power being held by particular organisations. 
 
Moreover, the very fact that in order to make programs you need humans who are well-versed in 
making programs (designing, coding, maintaining, testing and so on) has haunted the field of 
programming since the 1950s: the shortage of skilled programmers and the consequent high costs 
involved in hiring programmers has limited the rate at which software can be produced, and has 
made a programming career very attractive as a skill in limited supply. It has also been a driving 
factor to develop programming tools that automate the making of programs, ranging from better 
development environments to the idea of low-code or no-code systems that support rapid 
development (but are themselves tools that programmers must develop!)  
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Examples of programs as human-made 
- Thousands of new “apps” are released for mobile phones every month. To justify the work 

needed to create them, they need to reflect an innovation where someone has identified an 
audience that would benefit from their app. 

- The Strategic Defense Initiative (Star Wars) that was launched in the U.S. by Ronald Reagan 
in the 1980s resulted in a public scandal when David Parnas, a well-known software 
engineer, resigned from the project because the requirements of the software were 
unrealistic. This was due to, amongst other things, the fact that it would be impossible to be 
sure that it would not contain any errors. In this kind of setting, software errors can result in 
catastrophe. 

- There have been some very costly consequences of human error in the production of 
software including the failed maiden flight of Ariane 501, the millennium bug, and the 
mishandling of baggage by the new software system at Heathrow’s terminal 5. 

- The world view and limited experience of programmers behind a particular program might 
lead to a bias being embedded in the final product, such as assuming good eyesight in the 
users, or an understanding of how to use a particular kind of interface. 

- The Scratch programming environment is an example of how software systems embed a 
certain idea or conception of “need”. Scratch is today one of the main environments in which 
children learn to “code,” but given its particular vision on computer science education it also 
gives a very particular experience of “programming” that might be misleading to young 
children. 

Dichotomy of programs as tools vs human-made 
A large part of the call for students to learn programming is to enable them to be 
“creators” rather than just “users” of digital technologies. Computer programs are 
valuable tools, and educating students on using these tools (such as search engines, 
spreadsheets, and video editors) is important, since these enable them to be 
productive and creative. But if they are limited to only being the users of this tool, and 
don’t appreciate that they are made by people who are skilled at programming, they 
lose the opportunity to see programming as a career pathway for themselves, or at 
least realising where programs come from and what is involved in creating them. This 
has led to teaching programmes based on a “use-modify-create” approach, where 
students explore existing programs, but grow into being able to create their own. 
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Facet 3: Physical object 
 
Even though software is an abstract concept, programs are stored on a physical 
medium and they can be executed, read, copied, changed or even subject to 
corruption. Moreover, their execution takes time and uses energy, although 
unlike most other familiar physical objects, consumed time, energy and space 
are usually on an extremely small scale. 
 
The physical facet might seem secondary, but as a novel does not exist without 

a physical medium carrying its message, a program is not just in an imaginary cloud – in fact, even if 
it is running on a virtual machine in “the cloud”, it is using energy and space at a particular location. 
 
It is possible that programs can also be executed by humans (for instance, painstakingly tracing a 
program’s operation on a piece of paper) and they can also be stored in a physical medium that is 
not a machine per se (for instance, flow diagrams from the 1950s; or instructions on paper). 
However, usually, when we speak about programs we expect them to be executed on a machine, 
which can execute millions of instructions reliably in a very short amount of time.  
 

 

Impact of programs as physical objects 
Programs that are run on a computing device consume space, energy and time, and the 
construction of the device uses resources such as labour and precious metals. These observations 
in themselves may raise concerns. It is important for students to realise that to run a program, there 
is an impact in the “real world,” which also includes social and psychological implications. 
 
In addition to the issues around using personal devices to run a program, it is also important that 
students understand that something “in the cloud” or “on the web” always has a physical location to 
which certain laws apply that might be very different from the laws one would assume apply. Having 
a cloud service based in Europe for instance gives much better protection of data than having it 
located in the US, thanks to the EU GDPR. The observation that programs consume energy and 
resources while they are running is of greater concern today than it was 20 years ago because of the 
increasing impact on the environment. 
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Examples of programs as physical objects 

● Apps are commonly stored on flash memory in mobile devices, and software is typically stored on 
hard drives in desktop computers; in both cases, these are programs, but the name used to refer 
to them has diverged depending on the context in which they are used. 

● Programs are moved to primary memory (and other types of memory such as caches) to allow 
them to be executed. 

● It takes time to download the digital data needed to install or update software. 
● Programs use energy in order to run, and the importance of cooling for most computers highlights 

the environmental impact they may be having. 
● Digital devices are built using scarce resources, and building devices to run our programs has 

sustainability considerations. 
● Programs sense and affect the physical environment through input and output, which could be as 

minor as placing an image on a screen, or as substantial as controlling water flowing through a 
dam. 

● Crypto-currencies such as bitcoin are known to have a huge environmental impact because of the 
energy-intensive way by which transactions need to be verified, as well as the use of energy for 
“mining” currency. The impact is so enormous that charities like Greenpeace and WWF have 
abandoned using crypto-currency.  
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Facet 4: Abstract entity 
 

Abstraction is fundamental to programs and programming. In the same way that 
a story, joke, idea or concept is abstract, a program is something that refers to 
and manipulates abstract notions and entities. The data that programs 
manipulate is just digits, which are an abstract concept even if they are used to 
represent something physical in the real world, whether it is the amount of 
money that someone has in their bank, the colour of a pixel, a recording of 
some music, or even something that itself is abstract, like a story. Moreover, the 

particular ways in which numbers are represented in the machine are always an abstraction of the 
physical and continuous machinery underlying them. The program eventually determines a series of 
actions that the system executes, and as a result the program determines physical effects in the 
system itself (such as the device memory). However, what is relevant is not these physical effects as 
such, but the fact that they can be interpreted according to the abstractions the program 
manipulates, such as a number, a portion of a picture, or a sound. 
 
Programs implement algorithms, and an algorithm is not physical – it’s an idea of how to do 
something. An algorithm captures some abstract view of a class of programs, and like other abstract 
concepts it is a construction of someone's mind (and not necessarily the same construction for all 
minds). The only way to describe an algorithm to others, however, is to draft a more or less 
formal/detailed program in some (written or oral) language, which is strongly connected to the 
“notational entity” facet described later. In this sense, we can see a program as a particular 
incarnation of a decidedly abstract idea. 
 

 

Impact of programs as abstract entities 
Because abstraction is such an important part of programming, students will need to learn to seek 
out the core elements of a problem, and decide which details should be modelled in order to solve it. 
This inevitably means there are many ways to achieve the same general outcome; for example, to 
represent a date such as 11 July 2022, it might be abstracted to three numbers (11, 7, 2022) or the 
number of days since 1 Jan 1900 (44,753), or any of several other formats.  
 
The abstraction surrounding programming also means that an algorithm doesn’t have exactly one 
program that it corresponds to; in fact, multiple programmers implementing the same algorithm are 
unlikely to end up with identical programs. More generally, there is no single “correct” program that 
achieves a particular outcome, whereas students may be used to the idea that normally in problem 
solving there is just one correct answer. In fact, there is an infinite number of programs that achieve 
a particular outcome (there is also an infinite number that are incorrect!).  
 
Consequently, if a developer decides to represent a given object in the world in a particular manner, 
then someone studying the software should be aware that that representation is not absolute but 
relative to the aims and worldviews of the developer, team of developers or the client. This partly 
explains issues related to bias in computer programs. In general, since there is no definite rule to 
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decide on the best abstractions, one might also end up with bad abstractions resulting in 
malfunctioning or complex programs.  

Examples of programs as abstract entities 
● Simple programming languages for beginners sometimes have instruction sets like 

“Forward”, “Right” and “Left” to program a sprite or a robot to move around. These 
instructions may abstract away from the fact that the physical movements are never perfectly 
oriented; even the direction of a robot is subjected to some (maybe imperceptible) errors. 
However these abstractions are useful to approximate sufficiently well the description of the 
movements to be carried out. 

● When planning how to implement a program, intermediate approaches (such as informal 
descriptions, flow charts or pseudo-code) are useful to help the programmer work at an 
appropriate level of abstraction and not become overwhelmed with the detail of the 
implementation. 

● When we name variables in a programming environment they often suggest a view  of a 
program object as a metaphor of something from the real world. We could for instance define 
a class of objects known as “person”, and give these a number of properties (for example 
“name” and “identity number”). This class of objects abstracts what the programmer needs to 
know about a person for their context, and a  “real” person is far more than a name and 
number! 

● The way numbers are represented in a computer is a basic concept in numerical analysis. 
Since “real numbers” in a programming environment can only be finite approximations of 
“actual” real numbers, programmers working in a modelling context need to be very careful 
about potential issues like rounding errors.  

Dichotomy of programs as physical objects vs abstract entities 
It may seem odd that we have claimed that a program is both abstract and physical! 
Although apparently antithetical to each other, concrete and abstract traits usually 
coexist when we think about programs. On the one hand, we usually make sense of a 
program’s behaviour by envisaging a world of abstractions that somehow come alive 
in our mind, thus actually dealing with an abstract entity. On the other hand, it is also a 
concrete physical object as soon as we code, manipulate and run it by means of a 
computing device. Because of this sort of ambivalence, computer science has even 
been defined as “the discipline of concrete abstractions”1. 

 
  

 
1 Max Hailperin, Barbara Kaiser, and Karl Knight. 1999. Concrete Abstractions. Brooks/Cole, Pacific 
Grove, CA 
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Facet 5: Executable entity 
A program can be executed, that is, it can be run on a physical device indefinitely, at 
different times by different users. A program can be characterised as something that 
is automatically executed by an information-processing agent, where the agent 
unquestioningly follows instructions with no understanding of the purpose of the set 
of instructions it has been given. Any decisions that are made by a program are 
already programmed into it by the programmer. Once a user downloads and starts 

using a program, the programmer no longer has control; every response to the user’s interaction and 
input data is determined by what is already in the program. 

The automation is based on a finite and very precise set of instructions that a digital device is capable of 
executing. At the lowest level the program is executed using machine instructions for the particular 
processor in use, although usually these instructions are themselves generated from tools that enable 
programmers to work in a high-level language that itself has a well-defined instruction set. 

 

Impact of programs as executable entities 
Because the execution of a program is automatic, in typical commercial situations the programmer(s) 
release the program to users, at which point the programmer no longer has control over what will happen, 
and in many cases, may not even know when the program is being used. This emphasises the 
importance of testing -- before software is released, it needs to be tested to ensure that it will function well 
for the large variety of ways in which it may be used. Students can lose sight of this because as 
beginners they are often the programmer, tester and user for their own programs, which unfortunately 
means that as a user they already understand the program well and may not see it from a more typical 
user’s point of view. Having someone other than the programmer test a program (including its user 
interface) can be valuable for beginners to give them insight into how it will be seen by others, and means 
that they can program it so that an automated version is usable and useful. 

The fact that a program that is executed on a computing machine needs to be automatic while being 
capable of handling the largely unpredictable behaviour of user interactions or other interactions with the 
external environment, results in the problem of developing programs that control future behaviours that 
cannot be mapped out in full detail. It is here then that the problem of finding the right representations of 
the world inside the program is critical for the program to function in a satisfying manner.   

In practice, this is particularly important if the software is controlling critical processes such as aircrafts, 
spaceships, financial systems and nuclear power plants, where the consequences of not anticipating 
what will happen in the automation could be catastrophic. 

Conversely, this also means that one programmer can write a program that can be used by millions of 
people, and for long periods of time, which creates an economic model that is quite different to 
conventional manufacture and distribution. 

Examples of programs as executable entities 

● People can use a program without understanding how it works – the programmer has 
created a tool in the form of a program that the user can wield if they have a device that will 
execute the program for them, but the user can treat the program as a black box. In fact, 
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much commercial software intentionally makes the program itself opaque to the user, since 
the code is a trade secret. 

● The computer running the program is unaware of the program’s purpose; it follows 
instructions that come from a well-defined instruction set by strictly doing what each 
instruction requires. 

● If an interaction with the program occurs that was not anticipated by the programmer, it can 
result in malfunctioning programs. This is of particular importance in safety-critical systems 
like self-driving cars.  

● Older examples of automatic (programmed) machines are Jacquard’s Loom (digital versions 
of which are still in use) and music boxes (again, still in use to some extent). 
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Facet 6: Notational artefact 
 
A program is a notational artefact, in the same way that a manuscript, book, or 
music score is: it relies on a notation with a particular syntax, according to 
some formal rules, linguistic notations and conventions. Just like the writing of 
a book by humans usually involves some creativity and tacit knowledge, the 
same holds true of programs made by humans. Programs can exist in their 
own right as an object of interest, but they are mainly used to communicate 
(from programmers to machines, or among programmers) about the 
processes to be carried out to achieve some goal. 
 
When intended to be communicated to machines, programs rely on formal 

languages that can be automatically parsed and executed. However since they are also intended for 
human programmers, they typically include many non-formal linguistic elements, such as meaningful 
variable names, clear and precise comments, interface translations, and supporting documentation. 
All of these elements work together to make the program useful and efficient for people to work on. 
 
Another feature of programm notations intended for the machine is that they can always be 
converted to another notation using an automated “translator” (for instance a compiler or an 
interpreter). The idea that one can always convert a notation into another one has been a 
foundational insight of programming language design since the 1950s. Indeed, it is because of this 
very possibility that we can abstract away from the computer hardware to present programs in a 
notation that is also understandable and usable by humans.   
 

 

Impact of programs as notational artefacts 

Program scripts are written for people. The program itself is usually intended for an end-user, who 
may have received a version of the script that has been converted to an executable app, and have 
no interest in the notation it represents. But programs are also written for the next programmer who 
may need to modify or debug it. The “next programmer” may be the original author who needs 
reminding how the program was designed, since programs are often of sufficient complexity that it is 
hard to fully understand them. Thus, writing good programs requires written communication skills 
that make the program easy to understand for a human. Even choosing a good name for a function 
or a variable is a challenge; if a variable name is too short then its meaning is unclear, and if it is too 
long it leads to hard-to-read code; choosing short, meaningful and unambiguous wording for variable 
names and comments is an important skill. 
 
Programs express ideas that enable us to articulate our thoughts and share them with others. One 
author went as far as to say that “a computer language is not just a way of getting a computer to 
perform operations but rather it is a novel formal medium for expressing ideas about methodology. 
Thus programs must be written for people to read, and only incidentally for machines to execute.”2 

 
2 Gerald Jay Sussman. 2004. The Legacy of Computer Science. In Computer 

The Nature of Programs ITiCSE-WGR ’22, July 8–13, 2022, Dublin, Ireland

NoP Framework: page xv

 

155



 
 

 

Examples of programs as notational artefacts 

● It is important to wield programming notation effectively. The structure of a program can 
affect its readability - badly structured code (including “spaghetti” code) is hard to follow, and 
refactoring programs is important to keep programs understandable 

● Writing a concise comment that explains how a program works, or choosing a variable name 
that precisely explains its purpose, is a literacy skill that is key to successful programming. 

● The notation used for programs conforms to formal languages that are well defined, and 
avoid the ambiguity of natural languages. 

● There are awards for authors of deliberately obfuscated programs! They are a kind of art 
form, but are not useful for getting things done in conventional programming, and generally 
highlight the impediment that a badly written program gives to those trying to understand it. 

Dichotomy of programs as executable entities vs notational 
artefacts 
The idea of programming came about in order to automate tasks, and so inevitably it 
is important that a program can be executed. However, we now have a multitude of 
programming languages that offer a variety of notations for creating programs, and 
the notation has become an important aspect of study in its own right. Because a 
program runs automatically, there is no need for the end user to understand the 
notation. Conversely, the notation can be used simply as a way to express ideas, and 
elements of it (such as variable names and comments) can be more important for 
communicating the ideas to other programmers than affecting the execution of the 
program. In extreme cases, a program may be written primarily as a work of art (such 
as “literate programming” or “live coding”) or even for humour (such as obfuscated 
code contests). 

  

 
Science: Reflections on the Field, Reflections from the Field, Committee on the 
Fundamentals of Computer Science: Challenges, Computer Science Opportunities, 
and National Research Council Telecommunications Board (Eds.). The National 
Academies Press, 180–183. This can also be found in the co-authored book: Harold Abelson, Gerald J. 
Sussman, and Julie Sussman. 1984. Structure and Interpretation of Computer Programs. The MIT Press, 
Cambridge, MA. 
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Part II: How programs are created 
In this part we use the following concept map to explore how programs come about, and their 
relationship to algorithms, computing systems, and the real world. 

A concept map 

 
Programs are written to describe the automation of the solutions to computational problems. 
Computational problems are the information-processing counterpart of real-world needs or problems, 
and they model real-world needs by representing the relevant information with suitable data.  
 
A program can be run automatically, i.e., physically executed by a specific computing system  (e.g., 
a computer, or a mobile phone). Such systems normally process only digital (i.e. symbolic) encodings 
of data, hence the data must be digitally encoded, i.e. represented as sequences of symbols.  
 
An algorithm provides a method (i.e., a precise procedure that can be carried out in a prescriptive 
way) to solve a computational problem. The algorithm is designed to be executed by an idealised 
computational agent, capable of executing a predefined set of actions. An actual computing system 
instantiates such an idealised computational agent.  
 
In order to be automatically executed by an actual computing system, an algorithm must be 
implemented, i.e., written in a programming language according to strict rules and complying to the 
specific computing system’s constraints, thus resulting in a program. 
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Example: grocery checkout 
 
This example is used to illustrate how the diagram above would apply to a specific situation (an 
annotated version is given below). 
 
A grocery checkout program is meant to support shopkeepers who need to compute grocery bills for 
their clients. The prices of the purchased items can be modelled as numbers. Thus, computing the 
grocery bill can be described as the general computational problem of “adding up a series of 
numbers”.  
 
The grocery checkout program is run by a checkout device, which can read numbers by scanning 
barcodes and print the result on paper receipts. The device actually manipulates numbers encoded 
in binary form.  
 
The typical algorithm to add up a series of numbers is the following: 1) use a variable to keep track 
of the current total and set it initially at zero; 2) until you haven’t finished the numbers repeat the 
following instruction: add the next number to the variable that keeps track of the current total; 3) at 
the end print the variable that keeps track of the current total. When designing this algorithm, we 
assume that its executor can ideally input any number, sum up two any numbers, and print any 
number. The grocery checkout device executes such instructions physically. This implies some 
constraints, for instance, that the device can process only a limited range of numbers. 
 
The algorithm is probably implemented in a programming language specialised for checkout 
devices. However, both the computational problem and the algorithm can suit other similar real-
world needs, such as computing the total population of a country based on knowing the population of 
each of its regions. Hence, if implemented in a general-purpose programming language, the 
program could be used for different contexts as well. 
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Connection between concept map and program facets 
The following diagrams show the aspects that are most relevant to the facets described in part 1 of 
this document. The last one is described in more detail below. 
 

Automatic / Physical 

 

Tool 

 

Abstract / Notational 

 

Human-made technology 
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Programs and programming  
Programs are a human-made technology. Programming is the process of creating and developing 
programs. There is not one single way to develop programs; instead, different practices are used 
when programming, in accordance with the type of task the program is automating. However, in the 
making of any program there are some fundamental processes that typically occur, and that are 
carried out by humans (usually with the support of some other programs). While conceptually it is 
worth identifying these processes separately, in practice the distinction among them is much more 
blurred; thus, the linear order in which we present them should not suggest they must be carried out 
sequentially; even reiterations or u-turns may be necessary during the overall programming process. 

 
Modeling - Real-world needs and 
problems are modelled as computational 
problems. Real-life problems occur with 
specific instances, but computational 
problems generally cover a whole set of 
specific instances. Modelling a real-world 
problem means understanding the main 
entities involved and their relationships, 
and deciding how to express the 
information relevant to the problem using 
appropriate data. The input data 
represents known information, and the 

output data, once interpreted within the proper context, provides the answer to the problem. It is 
common to distinguish between data and information, where data are just raw patterns of signs, able 
to provide information only when interpreted by humans in the context of the problem being solved.  
A computational problem is specified by defining the relation between the input data and the output 
data, that is, how the output data depends on the input data. Usually different input data yields 
different output data. Moreover, the input and output data are not necessarily available at the 
beginning of execution or produced at the end of the execution, but they can even be part of a 
continuous interaction among the user, specific sensory units and the computing system.  
 
Design - An algorithm for a 
computational problem is a 
description of how to 
automatically get the output 
data that is associated – in that 
computational problem – with 
any given input data (computer 
scientists say that the algorithm 
for a computational problem is a 
solution for that computational 
problem). A relevant difficulty in 
designing algorithms is the great 
number of different cases that 
can occur during its execution 
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and that have to be considered in advance. Different algorithms may be designed to solve the same 
computational problem. Various problem-solving techniques can be used to devise and design an 
algorithm.  
 
Implementation - Algorithms are 
implemented as programs, that is, 
they are written in a programming 
language according to strict rules 
and complying to the computing 
system’s constraints. This activity 
is sometimes called coding. The 
term programming is also often 
used to refer specifically to this 
implementation activity. However, 
we prefer to use it more broadly to 
encompass the overall process, 
which also includes modelling, 
design, verification, and validation. 
For a program to be executed by a computing system it may be necessary to translate it from the 
programming language it is written in, into a specific language understood by the computing system, 
and this is done automatically by other specialised programs (e.g., compilers). The term “program” 
may refer both to the program written in the programming language and its executable version. To 
distinguish between these two entities, the former is also called program source, and the latter 
executable program. The program source is in fact not only a description addressed to machines, 
but also a means of communication among programmers and all the stakeholders interested in 
understanding the details of the computation (see the notational facet). 
 

Verification - A program should 
automatize the solution of the 
computational problem it was written 
for. However, the design and 
implementation processes are 
complex enterprises in themselves 
and not error-free; the resulting 
program might contain flaws 
(sometimes called bugs). The 
verification process aims at testing 
whether the program does indeed 
solve the computational problem, i.e., 
if it is able to provide the expected 
output for any input data.The 
verification process is based on the 

possibility of running the program on actual computing systems, on a range of different input data. To 
plan a comprehensive range of tests is in general a difficult task, since programs usually have to deal 
with a huge number of different cases. A failure during program verification may lead to further 
revisions of the program itself or even of its overall design.  
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Validation - A successful 
verification of a program is not 
enough to guarantee the 
appropriateness of the program 
from the user perspective,  
as the verification process refers 
only to the computational problem 
(and not to the real-world need 
modelled by the computational 
problem). In particular, decisions 
regarding the modelization of 
relevant information can have a 
significant impact on the quality of 
the overall process, and this might 
become evident only once the program is ready and can be executed and used. This adherence to 
the real-world need must be validated involving the targeted users of the program. 
 

Example: grocery checkout 
 
Modelling: prices are modelled as numbers; the real-world need is described computationally as the 
problem of summing up a series of numbers. 
Design: we design an algorithm that uses a variable to keep track of the total and update it 
repeatedly. 
Implementation: the algorithm is written in a programming language specialised for checkout 
devices. 
Verification: the program is tested by using several series of product barcodes. 
Validation: even if the program is correct in summing up for a series of products, the shopkeepers 
might find it not adequate because they need the program to be also able to include discounts or to 
compute the change. 
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B THE SURVEY
Our online survey was presented as a Google form. The information
and questions used were as follows.

Your comments on the “The Nature of Programs”
document
In the document “The Nature of Programs”, we explore what a com-
puter program is. This may seem like a trivial question, but there
are so many different aspects to programming that it’s valuable
to explore them. We are particularly interested in doing this so
that educators can develop a broad view of what the purpose of
teaching programming is, and deal with a range of views they may
encounter as students engage with the subject.

The document has been written by a group of Computer Science
Education researchers (WG5 at ITiCSE 2022), and is available at
https://bit.ly/NoPWG5

If you are an educator or a CS expert interested in CS education,
we would be grateful to have your feedback about the scientific
soundness of the document, and its interest, usefulness, and read-
ability for educators. Please, read the accompanying document first,
and then complete the survey.

Thanks you for your contribution!
Violetta & Andy (WG5 Leaders)

Privacy
The survey is anonymous.

We ask that you select your role as an “Educator” and/or “CS
expert” in order to present only the relevant questions for you. The
collected answers will form the basis for revising and improving the
document. Professor Andrej Brodnik from University of Primorska
(Slovenia) is the key contact for this project and if you require
further information about this project, you can contact him at
andrej.brodnik@upr.si

[Consent:] I consent that my answers to this survey will be
analyzed and used by the members of WG5 at ITiCSE 2022 to revise
and improve the document “The Nature of Programs” which will
be published as a report by ACM. [A yes/no response was invited.]

Part I - Facets of programs
Please select the corresponding option for the following statements
(after reading Part 1 of the document “The Nature of Programs”
https://bit.ly/NoPWG5 ).

[The following statements each invited a 5-point Likert scale
response from “strongly disagree” (1) to “strongly agree” (5).]

• I found the idea of characterising programs through the
facets interesting.

• I found the idea of characterising programs through the
facets useful.

• I found the facets to be insightful.
• I found the facets easy to understand.

[The following statements each invited a 5-point response from
“strongly disagree”, “disagree”, “neutral”, “agree”, “strongly agree”
for each of the six facets: Tool, Human Made, Physical Object,
Abstract Entity, Executable Entity, Notational Artefact.]

DESCRIPTION - For each Facet, please select the level that
matches the statement “The description of this facet makes sense”.
If you disagree with any of the statements, you can add a comment
below.

IMPACT - For each Facet, please select the level that matches
the statement “The impact section of this facet helped me better
understand this facet”. If you disagree with any of the statements,
you can add a comment below.

EXAMPLES - For each Facet, please select the level that matches
the statement “The examples given helped me better understand
this facet”. If you disagree with any of the statements, you can add
a comment below.

[Open question:] If you disagree with any of the statements
above, please elaborate on why.

[Open question:] Do you have any additional comments and/or
suggestions about the multifaceted characterisation of programs?

Part 2 - How programs are created
[The following statements each invited a 5-point Likert scale re-
sponse from “strongly disagree” (1) to “strongly agree” (5).]

• I found the concept map and the text describing it (page xvi)
clear and easy to understand.

• I found the description of the processes involved in program-
ming (pages xix-xxi) clear and easy to understand.

• I find the idea of describing howprograms are created through
the concept map interesting.

• I find the idea of describing howprograms are created through
the concept map useful.

[Open question:] If you disagree with any of the statements
above, please elaborate on why.

For educator only
[Participants who indicated that they are an educator were given
the following questions.]

Select the option that best describes your role
• Primary school teacher
• Secondary school teacher of computer science
• Secondary school teacher of a different subject
• Professor / lecturer / teaching assistant at university
• Other [specify]

Please select your level of programming experience.
• no experience
• beginner
• experienced

[The following statements each invited a 5-point Likert scale
response from “strongly disagree” (1) to “strongly agree” (5).]

• I find the facets (Part 1) relevant from an educational per-
spective

• I find the concept map and the text describing it (page 16)
relevant from an educational perspective.

• I find the description of the processes involved in program-
ming (pages 19-21) relevant from an educational perspective.

• I find the examples in Part 2 “How programs are created”
relevant from an educational perspective.
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For CS expert only
[Participants who indicated that they are a CS expert (e.g., CS aca-
demic, CS practitioner, CS PhD student, professional programmer)
were given the following questions.]

• Computer scientist - academic
• Computer scientist - practitioner
• Computer Science student (university level)
• Computer Science teacher at secondary school
• Other . . .

Are your interests/roles related to education?
• Yes
• No

[The following statements each invited a 5-point Likert scale
response from “strongly disagree” (1) to “strongly agree” (5).]

• I find the multifaceted characterisation of programs (Part 1)
scientifically sound.

• I find the concept map and its description (page 16) to be
scientifically sound.

• I find the description of the processes involved in program-
ming (pages 19-21) scientifically sound.

[Open question:] Did you find any factual error or inconsisten-
cies in the document?

Conclusions
[The following open questions were given:]

• Is there anything that you feel is missing in the document?
• Is there anything in the document that you feel is misleading?
• Do you have any further comments or suggestions youwould
like to make?
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