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Abstract
K-12 computing education research is a rapidly growing field of
research, both driven by and driving the implementation of comput-
ing as a school and extra-curricular subject globally. In the context
of discipline-based education research, it is a new and emerging
field, drawing on areas such as mathematics and science educa-
tion research for inspiration and theoretical bases. The urgency
around investigating effective teaching and learning in computing
in school alongside broadening participation has led to much of
the field being focused on empirical research. Less attention has
been paid to the underlying philosophical assumptions informing
the discipline, which might include a critical examination of the
rationale for K-12 computing education, its goals and perspectives,
and associated inherent values and beliefs. In this working group,
we conducted an analysis of the implicit and hidden values, per-
spectives and goals underpinning computing education at school
in order to shed light on the question of what we are talking about
when we talk about K-12 computing education. To do this we used
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a multi-faceted approach to identify implicit rationales for K-12
computing education and examine what these might mean for the
implemented curriculum. Methods used include both traditional
and natural language processing techniques for examining relevant
literature, alongside an examination of the theoretical literature
relating to education theory. As a result we identified four tradi-
tions for K-12 computing education: algorithmic, design-making,
scientific and societal. From this we have developed a framework
for the exemplification of these traditions, alongside several poten-
tial use cases. We suggest that while this work may provoke some
discussion and debate, it will help researchers and others to identify
and express the rationales they draw on with respect to computing
education.
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1 Introduction
In the rapidly evolving field of K-12 computing education, current
debates and developments highlight the dynamic nature of the
discipline, for example, recent discussions on integrating AI into
school curricula. A report from the US National Research Coun-
cil relating to scientific research in education states: “education is
highly contested [as a field] because values play a central role: peo-
ple’s hopes and expectations for educating the nation’s young are
integrally tied to their hopes and expectations about the direction
of society and its development” [115, p.17]. Decisions regarding
why and what to teach with relation to computing at school are
often thus made not on a scholarly basis, “but rather are derived
directly from ideology or deeply held beliefs about social justice or
the good of society in general” [115, p.17]. This is ultimately a moral
and political matter and reasonable people can and will see matters
differently. Hence, one can expect to see different approaches to
computing education in different educational systems, or even in
different schools. Moreover, progress might not be straightforward,
but take the form of different parallel developments, possibly with
only limited or unsystematic exchange of rationales, values and
beliefs, between them.

This paper is structured as follows. After the introduction section,
which provides the frame and scope of the work, we firstly consider
existing work in K-12 computing education and education more
generally by describing potential rationales (reasons) for teaching
it and approaches to implementation (Section 2). These approaches
and rationales were then used in a literature review whereby a
selection of research papers were analysed through the lens of
curriculum analysis (Section 3). The next section of the paper details
how Natural Language Processing (NLP) techniques were used
to uncover more implicit rationales for teaching K-12 computing
(Section 4), followed by an analysis of these findings in the light of
theories of education and learning. This leads to a description of
four traditions underpinning K-12 computing education (Section 5),
which form the basis of the framework for researchers (Section 6).
Finally, the discussion section draws everything together to try to
explicate ‘What we talk about when we talk about K-12 computing
education’.

1.1 Uncovering values and beliefs
In their analysis of the different rationales for computing in school,
McGarr and Johnston [77] highlighted a range of different moti-
vators, including economic development, equity and social justice,
as well as the need to foster logical thinking and problem-solving
skills. They argue that whatever the rationale is, it will influence
policy decisions, for example, whether computing is taught as a
discrete subject or integrated, whether it is for all or for some, and
whether it is introduced at the primary level [77]. For example, a
recent policy report from Brookings [121] argued that there was
an economic benefit to both individuals and countries in studying

computing, and that computing education in school could narrow
the gap between lower and higher income countries. While some
of the more critical examinations of computing education high-
light, for example, that an economy-driven framing contrasts with
socialisation-oriented perspectives of teachers [79], or that com-
puting education embeds values of self-enhancement [128], or that
the tech industry has an excessive influence on education policy
[75]. Also, researchers have argued over time that the focus of com-
puting teaching should be on principles (rather than artefacts) [70],
artefacts (alongside principles) [127], or modelling [49].

The language used to describe computing education may reveal
underlying values and beliefs. For example, a substantial body of
work uses the phrase computational thinking (CT) to illustrate com-
puting education’s role in developing problem solving skills. Other
loaded terms include computational empowerment [30], computa-
tional literacies [53], computing for social good [38]1 and data agency
[112], all at some level value-based. Many of these are driven by
the need for equity; again this term is interpreted and implemented
differently [97]. The underlying values and beliefs may remain
implicit.

1.2 Aims of the research
In K-12 computing education, our approach to teaching is shaped
by the unique nature of the subject. Unlike science, where we
recognise that our understanding can be challenged and updated
as new discoveries are made, computing often feels more concrete
because the topics are created and defined within the field itself.
This can lead to a belief that our understanding of what should be
taught is fixed and clear. However, this confidence may obscure
the fact that, just as in science, the content and aims of computing
education can evolve. In addition, educators themselves may have
different perspectives on what is most important to teach and what
the goals should be. Differing views among educators, combined
with ongoing changes in the discipline and differing societal needs,
suggest that we need to remain flexible and open to revising our
teaching content and objectives to reflect new developments and
different points of view.

There is a need to discuss what we mean by K-12 computing
education –including underlying belief structures and hidden and
implicit assumptions and goals of our teaching. The complexities
of the situation include:

(1) There are different conceptions ofwhat K-12 education should
accomplish, leading to different rationales for teaching com-
puting.

(2) The curriculum emphases of educators differ.
(3) There are different views on theories and learning, leading

to different pedagogical approaches to teaching.
(4) There are different views about what computing is.
Our intent is to create a framework to allow people to better po-

sition themselves and to make their position explicit. By providing
a language for ‘What we talk about when we talk about computing
education’ we will not only allow but also promote the development
and refinement of different computing education approaches and
the accumulation of research findings in K-12 computing education
research. This framework may be used by teachers, teacher trainers,
1Awarded best ITiCSE-WG report in 2012
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resource developers, computing and associated curriculum design-
ers, researchers and policymakers. Framing the discourse will assist
K-12 computing education researchers in adopting positionality
and in presenting their empirical work in a broader context.

1.3 Framing the Study: Positionality, Scope, and
Terminology

In this subsection, we present a statement of our positionality as
an ITiCSE working group, provide definitions of key terminology,
and offer a broad overview of the paper’s scope and approach.
By addressing these elements, we aim to enhance the clarity and
credibility of our work, helping readers better understand the back-
ground and perspectives that inform our analysis.

Our position is that the primary focus of computing education
research often centres on how to teach –developing effective meth-
ods, tools, and strategies for learning. However, even when the
explicit emphasis is on how to teach, research papers often address
broader questions of why computing is taught —at least implicitly
and often explicitly, particularly in their introductory sections.

To better analyse how different educational objectives may shape
research in computing education, it is important to balance the
discussion of rationales. While it may not be feasible to cover every
rationale comprehensively, considering a range beyond the most
prominent reasons may provide a broad enough framework for
analysing the rationales used in computing education research and
exploring how they influence key aspects of research, including
methods, questions, and outcomes. We also faced the challenge of
determining how to capture and frame these relevant aspects. To
this end, we chose to draw on curriculum research [4] as a lens for
analysis (see Figure 1).

Figure 1: Curricular spider web, which addresses curriculum-
related questions [118, p.59].

1.3.1 Positionality. In line with the collaborative ethos of ITiCSE
working groups, our team comprises members from diverse aca-
demic institutions and countries. This diversity brings a range of
perspectives to our discussions. Within the working group was
considerable expertise and experience relating to K-12 education

research, K-12 computing education, resource development and
curriculum design, which we drew on in making initial decisions
about established approaches to computing education.

Our group adopts the view on curriculum as expressed in [4].
Seen from this viewpoint, research in computing education is not
only or even not merely about building a theory of learning com-
puting (although this is an important aspect, see [84, 110]), but
to put such theoretical insights into practice and, for example, to
contribute to evidence-based curriculum reform. This could mean
several things because a curriculum impacts several aspects of
teaching and learning, see Figure 1.

At the core of the ‘curricular spider web’ lies the rationale: the
answer to why students are learning. This concept goes beyond the-
ory, shaping curriculum design by guiding decisions about content,
pedagogy, and assessment.

Curriculum theory defines a curriculum as a ‘plan for learn-
ing’ (see [4, p.9], citing Taba, 1962), encompassing different levels
and contexts. The rationale links all components, ensuring coher-
ence and consistency [4, p.12]. Disrupting one element of this ‘spi-
der web’ can destabilize the entire structure. As Tyler points out
[1949, cited in 4, p.14], the rationale anchors educational prior-
ities –knowledge preservation, social preparation, and personal
development– and balances these dimensions with philosophical
and psychological considerations. Similarly, Biesta’s framework
[9], discussed further in 5.1.1, emphasizes the interplay of these
functions.

1.3.2 Scope: K12, but probably beyond. This positionality, and
the background of curriculum research, frames the scope of our
study. By analysing academic research papers, we uncover how
rationales influence decisions within the field, making implicit
assumptions explicit. This analysis aims at providing insights into
the competing priorities that shape educational objectives. Without
explicit attention to rationale, research risks misalignment; what
seems logical from one perspective may appear counter-intuitive
from another. For example, emphasizing computing for problem-
solving skills may lead to different curricular priorities than framing
it for digital citizenship or creative expression. This misalignment
limits the field’s ability to design coherent and sustainable curricula.

Analysing computing education research from a curricular per-
spective does not directly include learners’ voices –that would be
a different and presumably very useful endeavour aimed at sub-
jective experiences. Instead we explore structural coherence and
theoretical alignment in K-12 computing education research. We
expect that academic research papers systematically address how
educational systems balance the demands of academic knowledge,
societal needs, and personal development, making them a criti-
cal focus for understanding and improving curricular design. This
work aims to reduce implicit misunderstandings stemming from
divergent implicit rationales and to align research contributions
with broader curricular innovation efforts. By reflecting on their
assumptions, computing education researchers can enhance their
contributions to both pedagogy (in terms of what and how to teach)
and the overarching rationale of education.

These considerations of rationale are especially crucial in the
K–12 context, where societal decisions in many countries require
all young generations to learn computing. In higher education,
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the question of rationale may seem less pressing, since learners
voluntarily choose to study computing. Yet even then, reflecting
on rationale can help avoid misunderstandings and align teaching
with broader educational objectives.

At times, the distinction between rationale and goals or aims be-
comes blurry, making their analysis more complex. Goals describe
what learners can do with the knowledge they acquire, focusing
on outcomes, while rationale explains why they should acquire
that knowledge in the first place. For instance, Jeanette Wing’s
[126] seminal paper on CT can be interpreted in two ways: as a
rationale, it argues that CT represents a set of universally use-
ful reasoning practices essential for navigating the modern world,
thereby justifying why everyone should learn it. Alternatively, it
can be seen as defining goals, with CT framed as a skill set learners
can acquire through programming education to achieve specific
problem-solving or analytical outcomes. This example underscores
the importance of clarity in discussing research, as conflating ratio-
nale with goals may obscure the deeper reasoning behind curricular
decisions and hinder coherent curriculum design.

Beyond identifying rationales as isolated priorities, it is impor-
tant to recognize that curricula often embody a mix of priorities.
This report will propose a framework for these mixed rationales,
drawing from both educational traditions and different perspec-
tives within computing itself. Specifically, we will outline four edu-
cational traditions: (i) the theoretical and mathematical tradition,
emphasizing formal reasoning and foundational principles; (ii) a
technological and engineering tradition, which focuses on practical
applications and problem-solving; (iii) a scientific tradition, treating
computing as a natural science concerned with inquiry and discov-
ery; and (iv) a societal tradition, highlighting computing’s role in
addressing societal challenges and fostering citizenship. By ana-
lyzing these traditions and their implications, we aim to provide a
nuanced view of how mixed rationales shape curricular design and
how K-12 computing education research can align more effectively
with these diverse traditions to support innovation and coherence
in the field.

1.3.3 Terminology. Next, we define some central terminology
for our work, to enhance clarity.

A key distinction must be drawn between the rationale and re-
lated curriculum components, such as aims and objectives, and
the content of learning. The rationale asks the foundational ques-
tion: why are they learning? It provides the central justification
for including a subject in the curriculum and serves as the ‘core
link’ connecting all other components, such as learning activities,
assessment, and teacher roles [4]. In contrast, aims and objectives
focus on towards which goals are they learning? –these articulate
the desired outcomes of education in terms of skills, knowledge, or
dispositions. Content, meanwhile, addresseswhat are they learning?
–the specific knowledge, concepts, and practices learners engage
with.

Rationale. We define a ‘rationale’ as a coherent set of reasons
and justifications linking K–12 computing education to broader
values and goals. A rationale establishes why and how including
computing at the K–12 level leads to something desirable. Such
arguments often draw on diverse perspectives —technological, soci-
etal, or economic— to explain why it is important and beneficial for

students to acquire computing knowledge and skills. As van den
Akker [118, p.58] succinctly puts it, the rationale boils down to
the question “Why are they learning?”. Importantly, this is distinct
from learning objectives, which specify the knowledge, skills, or
dispositions students are expected to achieve.

Goal (learning objective or aim). We define ‘aims and ob-
jectives’ as the intended outcomes of education, describing what
learners are expected to achieve through engagement with the
curriculum. These terms are often used interchangeably to refer
to the goals that guide teaching and learning, whether broad and
aspirational or specific and measurable. In K-12 computing educa-
tion, aims and objectives might include fostering CT, developing
programming skills, or understanding the societal impact of tech-
nology. By providing a clear direction for learning, they serve as a
bridge between the overarching rationale and the specific content.

Content. We define ‘content’ as the body of knowledge, con-
cepts, and practices that learners engage with during the educa-
tional process. Content encompasses what is taught, including foun-
dational principles, subject-specific skills, and practical applications.
In the context of K-12 computing education, content might include
topics such as algorithms, programming languages, CT, and the
societal implications of technology. Selecting appropriate content
ensures that learners acquire the competencies necessary to meet
the aims and objectives, while also aligning with the overarching
rationale.

Values. We define and understand ‘values’ as fundamental prin-
ciples or ideals that guide decisions and priorities in education.
Values represent what is inherently desirable, placing things, ac-
tions, or goals “on the approval-disapproval continuum” [57, p.395],
a process rooted in social and cultural contexts. As such, values
are not objectively right or wrong but are shared –or not– by indi-
viduals and groups. According to Biesta [10], educational practices
are always value-laden, as they are constituted by desirable out-
comes and approvable means. In K-12 computing education, values
may emphasize equity, innovation, creativity, collaboration, or the
ethical use of technology, providing a normative basis for shaping
rationales, objectives, and content.

Beliefs. We define ‘beliefs’ as personal or collective perceptions
and assumptions about teaching, learning, the nature of K-12 com-
puting education, and also the nature of the academic discipline
of computing. Beliefs are shaped by experiences, knowledge, and
cultural contexts and influence how educators interpret and im-
plement curricular decisions. For instance, a teacher’s belief in
the importance of hands-on learning may shape their approach
to instructional activities, while societal beliefs about the role of
technology in the future workforce may inform broader educational
goals. Unlike values, which are normative, beliefs are descriptive
and reflect subjective understandings of what is true or effective.

Approach. We define an ‘approach’ to K-12 computing edu-
cation as a coherent framework of curricular decisions encom-
passing elements of the curriculum spider web; such as rationales,
objectives, content, activities, teacher roles, and more. As noted
by van den Akker [118], these decisions are deeply interconnected,
such that a change in one component often necessitates adjustments
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in others to maintain the integrity of the “vulnerable curricular spi-
der web” [118, p.57]. As illustrated in Figure 1, the rationale serves
as a pivotal element, “connecting all other curriculum components”
[118, p.1]. While not every approach explicitly addresses all the pe-
ripheral components in Figure 1, the underlying rationale is always
present, either stated or implied.

Educational Tradition. Educational tradition is a term we
coined in this study to better and more versatile name and capture
some central results. Different values and beliefs form different
approaches. Such approaches are kind of reactions and answers to
their sometime implicitly held beliefs and values. But they are not
isolated, as there is a discourse surrounding them and their devel-
opment. And such a discourse, over time, can be seen as forming
an educational tradition, in which some shared vision is pursued
and expressed in different yet similar approaches and assumptions.
That is, an educational tradition in computing education research
(and in the broader discourse on computing education) is defined
as a broad but coherent set of foundational assumptions about the
very nature of computing education. Although the focus is on K-12
computing education, we anticipate that these traditions are use-
ful in the analysis and description of the discourse on computing
education in higher education. The traditions have some overlap,
but are also distinct. The term ‘tradition’ denotes the traditions of
computing itself, because the educational traditions also represent
a distinct point of view on the relationship between the school
or educational subject, and the academic research discipline; they
express a certain view of what kind of discipline it is that is being
taught (in school). A deeper discussion on how such traditions are
related, and in what aspects they differ, can be found in [109].

1.4 Research Questions
In this paper we address the following three research questions:
RQ1 What characteristics of a perceived implemented curriculum

can be identified within K-12 computing education research?
(observable)

RQ2 What are the rationales that are being used to justify the
teaching of computing at the K-12 level? (detectable)

RQ3 What are the values and beliefs that underlie the rationales
for teaching computing at the K-12 level? (hidden or implicit)

A visual representation of how the research questions relate to
values and beliefs, rationales and approaches is given in Figure 2.
Three different methodologies were adopted: scoping literature
review (RQ1), literature analysis using Natural Language Processing
(NLP) techniques (RQ2) and theoretical synthesis with relation to
the findings of RQ1 and RQ2 (RQ3). By focusing firstly on what
is observable in the research literature, we move towards what is
hidden or implicit (see Figure 2 ).

2 Background on rationales and approaches
2.1 Rationales for K-12 computing education
Differing values and beliefs give rise to different rationales for
learning. In the context of K-12 education, such rationales arguably
need to go beyond reasons why learning computing is valuable
to a select few (e.g., certain professionals or disciplines), but have
to establish its potential value for everyone or to society at large.

In the following, we summarise six different rationales for K-12
computing education identified within the working group. They
were mainly extracted from two US reports, complemented with
other sources. In 1999, an influential National Research Council
(NRC) report [87] listed four rationales for computing education
–which in that report was largely about using ICT– and then in
2010 another NRC report [21] extended the list to the six rationales
below.

Personal Rationale. This rationale emphasises using comput-
ing and computing technology to enhance one’s own life and to
pursue one’s own interests, whether exercising a hobby, improving
one’s own health, or engaging in political activism [21, 87]. It is
connected to the idea of using computing as a means for personal
expression and creativity [123, p.611], as well as notions of self-
determination, empowerment, and the ability to use computing to
shape one’s own life and environment in personally meaningful
ways [45, 114].

Career (or Workforce) Rationale. This rationale centers on
improving students’ career opportunities by strengthening their
“competence, skills, and employability for the twenty-first-century
job market” [88, p.9] (see also [87]). The training of future comput-
ing professionals may well be one of the oldest goals of computing
education. Tedre et al. [111] trace it back to as early as the 1950s.
While focused on tertiary education at that time, the notion has
been carried over, with Guzdial [45] arguing, for instance, that K-12
students should learn computing “as a job skill” to address “the
need for more programmers” but also to give students “new skills
that have value in the economy” [45, p.34-5] .

National (or National Competitive) Rationale. This ratio-
nale focusses on national economic growth as a whole, to increase
gross economic output and maintain national competitiveness [21].
While connected to the career rationale, we distinguish it as shifted
less towards individual employability, and more toward the devel-
opment of “a strong computing-savvy workforce” [125, p.30] and
the improvement of “industry pipelines, and human capital” [123,
p.610].

Educational Rationale. This rationale maintains that learning
computing and being proficient with computing technology will
open up additional educational and learning opportunities for stu-
dents. It goes back at least to Papert’s notion of ‘mindstorms’ [89]
and the potential of computing technology to enable novel pedagog-
ical practices [123] or to provide access “to an array of educational
resources that were not previously accessible” [87]. While Guzdial
describes that the dynamic nature of computer programs “gives us
a powerful new way to learn science and mathematics” [45, p.33],
Blikstein and Moghadam argue that computational literacy pro-
vides a “set of material, cognitive, and social elements that generate
new ways of thinking and learning” and even “enables new types
of mental operations and knowledge representations” [15, p.59].
In essence, this rationale values academic achievement and casts
computing education as a corresponding driver. Finally, Wilson
et al. [125, p.30] report that K-12 computing students “demonstrate
improved readiness for post-secondary studies”.
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Values & Beliefs
in computing education

Rationales
for teaching computing

Approaches to teaching computing
(intended and implemented

Curricula)

RQ3
"What are the values and beliefs that underlie the

rationales for teaching computing at the K-12 level?" 

RQ2
"What are the rationales that are being used to justify the

teaching of computing at the K-12 level?" 

RQ1
"What characteristics of a perceived implemented
curriculum can be identified within K-12 computing

education research?"

observable

hidden

underpin

underpin reveal

reveal

Figure 2: An overview of the research questions and how they relate to the values and beliefs, rationales and approaches in the
context of K-12 computing education.

Societal Rationale. This rationale casts computing education
as a facilitator for societal awareness, responsible citizenry, and
informed democratic participation [87]. Ourmodernworld is perme-
ated by computing and its various everyday phenomena “shouldn’t
be magic” to students [45, p.34]. Informed, responsible and criti-
cal participation in social and political discourse requires a basic
understanding of how computing impacts our everyday lives, for
better and for worse, particularly with respect to social inequities
like racism, sexism or classism [61, 123].

Scientific Rationale. This rationale argues that computational
tools are required in an increasing number of research disciplines
such that “computational thinking would assist specialists in those
other disciplines” [87, p.4]. e.g., to model and simulate processes
[45, p.32-3]. While sharing elements with the educational (inquiry)
and career (professional skills) rationales, the scientific rationale
emphasises the value of research progress rather than individual
achievement or economic growth. Computing education is seen as
a driver in “technological and scientific breakthroughs” that would
benefit humanity as a whole, e.g., research into medical issues,
climate change or technical innovations [123, p.12].

It is clear, e.g., with the national and scientific rationales, that
it can be debated at what point two lines of reasoning become
distinct enough to be regarded as two different rationales. Hence,
we do not claim this list to be definitive and we certainly do not
understand these rationales to be mutually exclusive. Individuals
may endorse any number of them and, in fact, some other rationales
that were put forward in the literature seem to rely on combinations
of the above. As two cases in point, consider two of the rationales
discussed by Blikstein and Moghadam [15, p.60-65]:

The “computational thinking rationale” [15, p.60] argues that
computational problem-solving skills are highly transferable and
universally applicable to numerous domains and areas of life. Skep-
ticism about such high-level transfer notwithstanding [33], this may
appear like a good-enough reason to learn such skills. However, it
does not, in fact, satisfy our definition of rationale as it leaves open
where exactly they ought to be applied and why that would be

desirable. In the terms of the curricular spider web (Section 1.3), CT
and problem-solving skills are instead better understood as learn-
ing objectives or content, and less as reasons for learning in the
first place. Those reasons need to be found in subsequent areas of
application, which presumably often correspond to those described
above.

The “equity of participation rationale” [15, p.59] argues that
computing is not equally accessible to all, particularly to women,
minorities and low-income groups. Therefore, computing education
at the K-12 level is important to “level the playing field” and close
the digital divide [Grover cited in 15, p.65]. While this connects
computing education to key values like equity, social justice and
inclusion, it crucially presupposes that not learning computing will
put people at a disadvantage. For instance, Blikstein and Moghadam
[15, p.64] state that students excluded from computing education
may struggle “to fully participate in twenty-first-century society”
(societal rational) or to get “the best and most creative jobs” (career
rational).

3 Scoping literature review (RQ1)
As detailed in Section 1.4 and illustrated in Figure 2, in order to
answer the overarching question posed by the paper about what
we mean when we talk about K-12 computing education, we started
RQ1 by considering what is observable within a sample of research
literature, moving through to RQ2 what could be perceived in a
wider, more automated search, and finally conducted a theoretical
analysis drawing on the results of RQ1 and RQ2. In this section, we
describe the methods and results of RQ1:

RQ1: What characteristics of a perceived implemented curricu-
lum can be identified within K-12 computing education research?
(observable)

To answer this question, a scoping literature review was con-
ducted. The working group set out to locate a sample set of papers
which represented the range of approaches to K-12 computing
education. The aim was to map a coherent set of rationales and
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curriculum decisions to these candidate approaches through con-
sideration of papers discussing either rationales, approaches, or
both.

3.1 Approaches to curriculum
Six candidates for overarching approaches to K-12 computing edu-
cation were collectively and iteratively identified by the working
group through a series of discussions. These provide a starting
point, and while they could be argued not to fully encompass all
the curriculum approaches that could be taken by researchers and
practitioners, we felt that they represented a range of values and
beliefs that could be potentially held by researchers. We name them
‘approaches’ in line with the definitions given in Section 1.3. The
approaches explicate the intended, and ideal vision of a computing
‘curriculum’ (according to van den Akker [117, 118]). In accordance
with the spider web framework, these approaches represent our
attempt to distill distinguishable and coherent sets of curricular
decisions related to K-12 computing education. As such, they repre-
sent somewhat abstracted ideas, which are certainly not mutually
exclusive. However, we do believe that there are limits to the ways
in which they can be productively combined in practice without
introducing curricular inconsistencies and ‘rupturing’ the spider
web.

Algorithmic Problem-Solving. This approach to K-12 comput-
ing education would emphasise computing as a discipline that is
centred around algorithms, computation, and processes that trans-
form information [46, 59]. The algorithmic focus can be seen in
many descriptions of computational thinking [22, 24], which often
focus on developing learners’ ability to think algorithmically, for
instance, breaking down complex problems into manageable parts,
developing step-by-step procedures to solve those parts, and under-
standing the effectiveness and efficiency of those procedures [43].
Although it is often stressed that such cognitive abilities exist inde-
pendently from programming, we hypothesise that programming
will play a prominent role in this approach as a prototypical activ-
ity that requires and fosters them [106]. Yet there also exist many
‘unplugged’ activities aiming to foster algorithmic problem-solving
[7].

Constructionist Design-Making. Building on the educational
philosophy of constructivism, as supported by Piaget and others,
Papert [89] developed the pedagogy of constructionism, which
emphasizes the creation of personally meaningful computational
artefacts in learning and has since had a marked influence on the
K-12 computing education community. Physical computing and
maker activities [14, 40, 98] seem especially influenced by Papert’s
notion of creating and sharing interactive “objects to think with” [1].
With a strong emphasis on fostering creativity, artistic expression
and social interaction, educators take on the role of facilitators
rather than instructors, facilitating and coaching students to reach
their own goals, often in a project-based learning context.

Computational Empowerment. This approach departs from
the core tenets of CT and merges them with a participatory design
agenda [50]. In doing so, it aims to “shift focus from programming
skills” towards the broader “means necessary to engage actively
in technological development” [31, p.67]. Beyond purely technical

or algorithmic issues, students are meant to also critically engage
with different stakeholder perspectives, goals and values and make
informed moral decisions with respect to a particular system design
[32, 100]. Related activities often engage students with emerging
and/or controversial technologies, such as machine learning, vir-
tual reality or the internet of things, and have them deconstruct,
experiment with and discuss the effects of different design decisions
[103].

Computing for Social Good. This approach emphasizes a view
of computing as a community of practice and focusses on socio-
cultural issues both as an important motivator for students as well
as a means to decrease barriers for participation [38, 39, 80]. The
overall aim is to make computing more accessible, particularly for
underrepresented and marginalized groups, to foster students’ in-
terest and to have them understand and internalize that they, in
fact, can participate in computing practices [19, 55, 86]. Computing
is seen not only a discipline, but also as a community defined by the
people who practice it, and questions of community and member
identity are pivotal to the approach. Corresponding learning activi-
ties often have students work on projects that are directly related
to their immediate local communities or individual sociocultural
backgrounds.

Critical Computing. Critical or ‘critically conscious’ comput-
ing education views computing processes and products as inher-
ently social entities, which incorporate, propagate and potentially
force upon others the goals and values of their designers [60]. A
central aims is to foster learners’ ‘critical consciousness’, a term
coined by Freire [35] and more recently defined by Godfrey and
Rapa [37, p.2] as the ability to “analyze social realities critically”
in order to assess and potentially change “conditions [that] limit
access to opportunity and perpetuate injustice”. Hence, learning
about computing is rendered as learning –quite literally– about
society’s tools of oppression, and learning to shape technology thus
becomes a means to enact broader social change.

Sociotechnical Approach. The sociotechnical approach focuses
on integrating the technical aspects into a broader view of the social
dimensions of an informatics system. This approach heavily draws
on software-engineering [67]. It contrasts with other (traditional)
approaches by not starting with a new project, but starting with
so-called ‘deconstruction’ of a given project with subsequent fur-
ther development of the software. In such deconstruction learners
can explore the system but also e.g., the development process [73],
thereby learning that in such processes different choices are possi-
ble, and for example that software and system development is not
neutral to its targeted social and use context [72].

3.2 Method
As the searches we would need to undertake (initially six searches
for approaches explicitly or implicitly present in a research paper,
followed by a search for papers describing curriculum implemen-
tation) were going to be complex and likely to result in a large
number of unwanted papers, we were not able to take an exhaus-
tive systematic approach to searching the literature. We therefore
conducted a a scoping review [83] that would elicit samples of the
types of papers we were looking for, knowing that there would
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be an iterative process of inclusion and exclusion to find suitable
papers for this purpose.

A six-stage method was developed to answer RQ1:

1. An initial search for papers aligning to the titles of the six
approaches identified and highlighted in Section 3.1;

2. Analysis of a first set of papers to establish the extent to
which they explicated aspects of curriculum approaches,
and provided answers to curriculum questions;

3. Development of a coding system for papers for this analysis;
4. A second round of literature searches to identify papers

describing curriculum implementations;
5. Re-analysis using the coding system developed in step 3,

with consensus checking amongst researchers; and
6. Mapping of approaches and rationales to code frequency to

reveal patterns in the literature.

3.3 Process in detail
Stage 1: Initial search. We developed six searches, one for each of
the six candidate approaches that we have previously highlighted:
algorithmic/problem-solving, computational empowerment, con-
structionist (design/making), computing for the social good, critical
computing, and the sociotechnical approach. The timeframe was set
to ten years as the initial pilot searches conducted from fifteen years
of papers included many papers describing outreach programmes
run in the years 2009-2014 when many countries did not have K-12
computing education in the curriculum.

The search was restricted to the ACM Digital Library as we were
not aiming for an exhaustive search. Each query identified papers
that highlighted school/K-12 curriculum content in the abstract and
mentioned the name of the approach we were looking at, in the
ACMDigital Library, within the last ten years (June 2014-June 2024).
An example query for the computational empowerment approach
is given below:

“query”: Abstract:("K-12" || school) AND Fulltext:("computational
empowerment") AND Abstract:(computing || "computer science" ||
informatics) "filter": E-Publication Date: (06/01/2014 TO *), ACM
Content: DL

Variations of this method were used for the six different ap-
proaches, as some elicited larger numbers of papers than others.
Searches were adapted to include ‘curriculum’ where there were
many papers found. For the algorithm/problem-solving approach,
so many papers were found that a random sample was taken, as
both of the search terms were very common words in the K-12
computing education literature. Although we noted overlaps in use
of the terms ’algorithm’ and ’problem-solving’ with ’computational
thinking’, we decided not to use the latter term in our searches as
it appears in many papers in a very generic way.

While locating papers, the following inclusion/exclusion criteria
were applied:

• Exclude: papers that are not research articles;
• Exclude: papers that are not focused on K-12 or on curricu-
lum;

• Exclude: papers that do not mention the approach being
searched for.

Duplicates were then removed, leaving 60 papers at this stage.

Stage 2: Analysis of initial papers. The next stage was to code all 60
papers deductively according to their approach and rationale, and
inductively around the curriculum implementation.

Firstly, we coded the six approaches to K-12 computing education
identified and highlighted earlier in Section 3.1 as the basis of
the scoping review. We matched those approaches as explicit and
implicit in each paper we read. The following methodology was
used to determine the approaches:

• The approach is classified as explicit if the approach is:
– written in the keywords.
– mentioned in the introduction or background.
– described even if the term is not used.

• The approach is classified as implicit if the researchers were
able to judge that the sentiment of the approach was present
in the text.

Secondly, we coded papers according to six rationales (personal,
workforce, national competitiveness, educational, societal and sci-
entific) [21, 87] (see Section 2.1). To code papers according to the ra-
tionales, a ’yes/no’ coding indicated whether that rationale seemed
to be at play in the writing of the paper.

Thirdly, we drew on van den Akker’s list of components that
address specific questions about the planning of student learning
[117] to code the content of the curriculum as described in the paper.
The spider web visualization of these components is used to arrange
them as a spider web not only illustrating its many interconnections,
but also underlining its vulnerability (see Figure 1).

Nine of van den Akker’s original questions were used in this
study, omitting the question about rationale (which we had already
coded):

• Toward which goals are they learning?
• What are they learning?
• How are they learning?
• How is the teacher facilitating learning?
• With what are they learning?
• With whom are they learning?
• Where are they learning?
• When are they learning?
• How is their learning assessed?

These questions were answered for each of the set of chosen
papers. Two researchers read each paper and wrote verbose de-
scriptions to answer the curriculum questions. The answers to each
question were then coded inductively and from this a set of codes
was derived to be used for finding patterns across papers and across
rationales.

Stage 3: Development of coding system. Following on from Stage 2, a
set of codes was established to code future papers with respect to the
curriculum questions we were interested in. This was achieved by
two researchers working on each curriculum question to find a set
of codes that described the verbose descriptions. After coding more
papers, this code set was revised. The code set that was established
is presented in Table 1. In the table, ‘practicals’ refers to lessons
with non paper-based practical activities to complete –for example,
programming, software development, unplugged activities.

Stage 4: Iteration of search. After developing the coding system, a
further search was conducted to elicit a second set of papers that
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Table 1: Coding system for literature review curriculum questions

Curriculum area

Sub-Question Curriculum question

Aims and objectives - Towards which goals are they learning?
Computing learning goal Computational concepts, Programming, Design concepts, Other, N/A
Societal learning goal Promote social justice in computing, To have awareness of ethical and social issues, Understand the

role of technology in society, Other, N/A
Personal learning goal Develop criticality, Sustain interest, Develop problem-solving skills, Understand the role of technology

for the individual, Develop creativity, Consider computing as a career, other, N/A

Content - What are they learning?
Computing goals Data, Engineering (STEM)/design, HCI and AI, AI, HCI, Computing areas- other, Data and AI, Robotics,

Digital competence, Other, N/A
Programming goals Programming, No programming, N/A
Transversal skills Personal/social/cultural concerns, Transversal skills, Human concerns and transversal skills, Other,

N/A

Learning activities - How are they learning?
Practicals, Writing, Research, Questions/Exercises, Mix, Other, N/A

Teacher role - How is the teacher facilitating learning?
Teacher directive, Teacher as facilitator, Student-led (inquiry), Other, N/A

Materials and resources - With what are they learning?
Programming environments, Hardware, Digital artifacts, Interactive digital resources, Other, N/A

Grouping - With whom are they learning?
Individual, Small group, Large group, Other, N/A

Location - Where are they learning?
Formal education discrete, Formal education in other subjects, Informal education (extracurricular but
organised), Other, N/A,

Time - When are they learning?
Mandatory in school, Elective in school, Self-study, Other, N/A

Assessment - How is their learning assessed?
Projects, Feedback (verbal or written), Assessment test, Formal exams, Discussion, Other, N/A

detailed learning goals and lessons within the implemented K-12
computing curriculum. In this way, the final paper set included
both those that mentioned one or other of the approaches or had
details of curriculum implementation, which we felt would give
us a representative set to answer the curriculum questions using a
sample of papers from the literature. Through this search, another
72 papers were initially identified. After one researcher briefly
scanned these papers to ascertain whether they could be used to
answer the curriculum questions, 35 papers remained.

Stage 5: Recoding of combined set of papers with consensus check-
ing. During this stage, six members of the working group were
involved in re-coding both sets of papers deductively. Each paper
was assigned one and only one code from each curriculum question,
and ’other’ if it did not fit any of the options in the codebook. Each
paper was coded by at least two people. Further consensus checking
amongst the working group led to a substantial further exclusions
of papers, removing papers that did not explicitly give sufficient
detail to answer the curriculum questions. Each of the final set of
papers had enough detail within the paper to answer the majority

of the curriculum questions needed by the analysis. The combined
paper set of 95 papers (35 + 60) was hence reduced to 58 papers.

Stage 6: Synthesis of curriculum patterns according to approach. The
result of this lengthy searching, coding and re-coding process was a
set of tables, which show the frequency of occurrence of answers to
the curriculum questions (codes) within each of the six approaches.
The most frequently occurring answers were used as representative
of each approach. The results will be shown in the next section.

3.4 Results: approaches and rationales
58 papers were finally included that provided example answers
for the curriculum questions, and identified the prevalence of the
different approaches and rationales.

In terms of rationales, Table 2 shows which of the six were
identified most frequently. Note that most papers (66%) were coded
under more than one rationale.

For the curriculum approaches, all six approaches were identi-
fied in the papers to a greater or lesser extent. Most papers were
observed to relate to at least two approaches. The most commonly
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Table 2: Occurrence of rationales in 58manually coded papers

Frequency
Rationale n %

Personal 39 67%
Educational 30 52%

Societal 21 36%
Scientific 17 29%

Workforce 9 15%
National competitive 2 3%

observed was the algorithmic/problem-solving approach followed
by the constructionist (design/making). Computing for social good
was only noted explicitly or implicitly as an approach being adopted
in nine of the papers.

Table 3: Occurrence of curriculum approaches in 58manually
coded papers

Curriculum approach Exp Imp Either %

Algorithmic/ Problem-solving 32 11 43 74.1%
Sociotechnical 9 4 13 22.4%
Constructionist 13 9 22 37.9%
Critical consciousness 7 5 12 20.7%
Computational empowerment 13 7 20 34.5%
Computing for social good 6 3 9 15.5%

The relationship between curriculum approaches and rationales
is interesting to note. Figure 4 shows that the personal rationale was
observed across all curriculum approaches. Not surprisingly, the
workforce rationale was not observed in papers that took a critical
consciousness or computing for social good approach, while the
societal rationale was noted in almost all of the papers coded under
one of those two approaches.

3.5 Results: curriculum implementation
To answer RQ1, it was necessary to find out how the adopted cur-
riculum approaches were implemented in terms of the curriculum
questions that had been our focus: for example, what the learning
goals were, how the teacher facilitated learning, when and where
learning took place, etc.

For example, it was observed that for the algorithmic/problem-
solving curriculum approach, the learning goal was most likely
to be programming, with the teaching taking place in school in a
mandatory curriculum, with students who were learning problem-
solving and the teacher was acting as a facilitator in the lessons. The
learning was at the individual level, and there was not an obvious
consensus about approaches to assessment.

In contrast, for the approaches that came from a more societal
approach, the most frequent answers were rather different. The
learning goals were most commonly computational concepts in
general, but also to promote social justice in computing and de-
velop the critical consciousness of students. Content might focus
on data and AI as well as programming, and also cover personal,

social or cultural concerns. Teaching was likely to be in a small
group, facilitated by a mix of learning activities (which may include
research, discussion, as well as practical projects). Assessment was
most commonly reported as using projects or not mentioned at all,
but discussion was also mentioned as a formative assessment tool
in some (three) papers. However, it has to be noted that only 12 of
the 58 papers were noted as observing the critical consciousness
approach.

For a third example, the 20 papers noted as using the computa-
tional empowerment approach had similarities with the curriculum
implementation of the algorithmic/problem-solving, with program-
ming and practicals being common, although working in small
groups was more commonly seen than working individually. These
papers were most commonly observed in an informal learning
context, with a goal of sustaining interest. Table 5 shows these
differences.

For the other three approaches, the data from our coding ex-
ercise (perhaps surprisingly) showed the constructivist (design/-
making) approach having a similar curriculum implementation to
algorithmic/problem-solving lessons in the 22 papers included in
our sample. The papers that indicated a computing for social good
approach had similar answers to those coded as critical conscious-
ness (and there was a significant overlap of papers). For the socio-
technical approach, 13 papers were coded, and the most common
responses included papers indicating that developing criticality and
awareness of social justice was a learning goal, with engineering
or STEM design within the content of the curriculum.

For the scientific and societal rationales, Table 6 shows the most
common curriculum implementation.

3.6 Summary
In this section, we have described a manual scoping literature re-
view with the intention of answering the first research question:
’What characteristics of a perceived implemented curriculum can
be identified within K-12 computing education research?’ To tackle
this question, we used a variety of search criteria to find literature
that seemed to evidence ‘approaches’ to curriculum and gave details
of curriculum implementation.

Within these papers, 57% were coded as having more than one
approach evident, with some having as many as four identified
in one paper. 66% of the papers were coded as having more than
one rationale observed in the paper. This provides evidence that
the majority of researchers are not influenced by one rationale
or curriculum implementation approach alone but have multiple
perspectives on why and how we should implement computing
education. While we may be influenced by one particular view
about K-12 computing education, this does not need to be mutually
exclusive with other views. However, as researchers, we may have
a dominant perspective to a greater or lesser extent.

4 Identifying Rationales in K-12 Computing
Education Literature Using NLP (RQ2)

In Section 3, we looked at various curricular approaches and how
they relate to different rationales for justifying computing education
in school. The manual examination of 58 papers showed that the
personal and educational rationales were most commonly noted in
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Table 4: Relationship between rationales and approaches in 58 manually coded papers (Percentages refer to the number of the
papers for each approach that also are coded with the rationale given)

Curriculum Approach

Rationale Algorithmic,
Problem-solving

Sociotechnical Constructionist Critical Conscious-
ness

Computational
Empowerment

Computing for So-
cial Good

Personal 70% 69% 64% 75% 75% 78%

Workforce 14% 23% 9% 0% 0% 0%

Educational 53% 54% 50% 33% 25% 11%

Societal 26% 62% 50% 92% 50% 89%

National Compet-
itive

5% 0% 5% 0% 0% 0%

Scientific 33% 8% 18% 17% 20% 22%

Table 5: Results from the scoping literature review showing the most commonly coded curriculum answers for three of the
approaches investigated: algorithmic problem-solving, critical consciousness and computational empowerment

Question Most commonly mentioned

Algorithmic/problem-
solving approach (n=43)

Critical consciousness ap-
proach (n=12)

Computational empower-
ment approach (n=20)

Towards which goals are they
learning?
– Computing learning goal Programming Computational concepts Computational concepts
– Societal learning goal N/A Promote social justice in com-

puting
N/A

– Personal learning goal Develop problem-solving skills Develop criticality Sustain interest

What are they learning?
– Computing goals N/A Data and AI Computing areas- other
– Programming goals Programming Programming Programming
– Transversal skills N/A Personal/social/cultural con-

cerns
Personal/social/cultural con-
cerns

How are they learning? Practicals Mix Practicals
How is the teacher facilitating
learning?

Teacher as facilitator Teacher as facilitator Teacher as facilitator

With what are they learning? Programming Programming Programming
With whom are they learning? Individual Small group Small group
Where are they learning? Formal education discrete Formal education discrete OR

Informal education (extracurric-
ular but organised)

Informal education (extracur-
ricular but organised)

When are they learning? Mandatory in school Other Other
How is their learning assessed? N/A Projects N/A

these papers (see Table 2), and that the algorithmic/problem-solving
curriculum approach was most commonly observed (see Table 3).

As discussed in Section 2.1, several efforts have been made to
capture the rationales for K-12 computing education, often relying
on human expertise or reviewing a compiled selection of literature
[91]. However, there is still limited understanding of how these
rationales are perceived and whether they are widely agreed upon
within the research community.

To truly understand what we, as the (ACM) computing education
community, talk about when we talk about K-12 computing educa-
tion, a broader perspective on the computing education landscape
is needed.

RQ2 What are the rationales that are being used to justify the
teaching of computing at the K-12 level? (detectable)

This involves identifying the rationales commonly, explicitly or
implicitly used in the literature and analysing their prevalence (over
time). This data can provide insight into the values and beliefs that
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Table 6: Results from the scoping literature review showing the most commonly coded curriculum answers for two of the
rationales investigated: scientific and societal

Question Most commonly mentioned
Scientific rationale (n=17) Societal rationale (n=21)

Towards which goals are they learning?
– Computing learning goal Programming Computational concepts
– Societal learning goal N/A Promote social justice in com-

puting
– Personal learning goal Develop problem-solving skills Develop criticality

What are they learning?
– Computing goals N/A Data and AI
– Programming goals Programming Programming
– Transversal skills N/A Personal/social/cultural con-

cerns

How are they learning? Practicals Mix
How is the teacher facilitating
learning?

Teacher as facilitator Teacher as facilitator

With what are they learning? Programming Programming
With whom are they learning? Individual Small group
Where are they learning? Formal education discrete Formal education discrete
When are they learning? Mandatory in school Other
How is their learning assessed? N/A Projects

underpin K-12 computing education research by revealing what
drives researchers in their shared pursuit of teaching computing to
students. By leveraging NLP techniques, we can examine a large
corpus of K-12 computing education literature, providing a more
comprehensive and representative picture of the research commu-
nity. In this section, we report on a large-scale, semi-automated
literature review using NLP techniques to identify and analyse the
rationales prevalent in the K-12 computing education community.

4.1 Background on NLP techniques for
automated literature review

A rapidly increasing number of AI-driven tools leveraging NLP
techniques, including the use of Large Language Models (LLMs),
have been developed to assist with and partially automate system-
atic literature reviews (SLR). For a detailed overview of these tools,
see [16].

A systematic literature review generally involves six phases
[16, 56]: (1) the planning phase, which lays the foundation for the
review by formulating precise and specific research questions to
guide the process; (2) the search phase, aimed at identifying relevant
studies using search strategies, snowballing, or a hybrid approach;
(3) the screening phase, which applies inclusion and exclusion cri-
teria to refine the set of papers obtained during the search; (4) the
data extraction and synthesis phase, where relevant information is
systematically extracted from the selected studies; (5) the quality
assessment phase, which evaluates the rigour and validity of the
included studies; and (6) the reporting phase, where findings are
presented in a structured and coherent manner in a research paper.

Most tools focus on the search, screening, data extraction and syn-
thesis phases, as these are the most time-consuming and offer the
greatest potential for automatisation.

For this study we applied two NLP techniques, involving the use
of LLMs for the screening and data extraction and synthesis phases;
we give a little more background on the techniques used.

The data extraction and synthesis phase involves extracting some
kind of information related to the research question from a collec-
tion of literature, and then grouping and aggregating (synthesising)
the results in an adequate way [104]. Both of these steps can be
largely automated using NLP techniques.

To extract information from a document (or a collection of docu-
ments), one approach that has emerged recently is called Retrieval-
Augmented Generation (RAG) [66]. RAG is an NLP technique that
combines retrieval-based and generative approaches to automati-
cally answer questions about one or more documents. It involves
retrieving information relevant to answering the question from the
collection of documents and using this retrieved-context as input
to a text-generation model (usually an LLM) to answer the question
[66]. The answer is, therefore, based on the context retrieved from
the documents, which, in general, yields more precise outcomes and
reduces the occurrence of hallucinations [36]. There are examples
of RAG being used to find relevant information in collections of
scientific literature in medical contexts [27, 69].

Topic modelling is a technique for clustering documents based
on linguistic features. The most commonly used technique in the
past has been Latent Dirichlet Allocation (LDA) [13]. LDA clusters
documents based on the frequency of tokens within documents and
weights them by their total frequency. This is done by calculating
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Figure 3: Schematic overview of the data processing pipeline
used to identify rationales in K-12 computing education lit-
erature through NLP techniques.

the term frequency - inverse document frequency (TF-IDF). A dis-
advantage of this technique is that it does not take into account the
semantic relationship between words and the order in which the
tokens appear.

A more recent approach to topic modelling is to cluster docu-
ments based on document embeddings. These embeddings capture
some of the semantic meaning of the text and also take into account
the order of tokens. In this way, documents that have a similar mean-
ing but use very different words are still considered to be closely
related. One example for this technique is BERTopic, a topic mod-
elling technique based on Bidirectional Encoder Representations
from Transformers [41].

Both LDA and BERTopic have been used for reviewing literature
in the past [5, 64, 71]. Although both techniques, RAG and Topic
Modelling, are commonly used for different use cases, we did not
find any literature that combined these two techniques to perform
a literature review.

Although there are existing NLP methods to perform literature
review, we are aware of the biases and limitations introduced by
NLP-based methods [44, 76]. To mitigate the challenge of bias, we
have involved researchers in the topic modelling evaluation and
validation within our approach.

4.2 Methodology
We applied a series of NLP techniques, including the use of LLMs,
to automatically identify and categorise the rationales presented in
K-12 computing education literature published over the past decade.
Our method involved (1) collecting relevant literature, (2) using
Retrieval-Augmented Generation (RAG) to extract responses from
the texts regarding the provided rationales, and then (3) fitting these
responses to a topic model to cluster them into distinct rationale
categories. To streamline this process, we developed a custom tool,
LitRevAI, which is publicly available on GitHub2.

Figure 3 shows an overview of this process. The following sec-
tions explain each step of the process in detail.

4.2.1 Data Collection & Prepossessing. We collected all literature
from the ACM Digital Library3, spanning January 2014 to June
2024, from various computing education conference and journal
venues, namely:

• Innovation and Technology in Computer Science Education
(ITiCSE)

• ACM Technical Symposium on Computer Science Education
(SIGCSE TS)

2https://github.com/soespa/litrevai
3https://dl.acm.org/
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Figure 4: Number of publications by conference series / jour-
nal used to train the topic model.

• Koli Calling International Conference on Computing Educa-
tion Research (Koli Calling)

• ACM Transactions on Computing Education (TOCE)
• Workshop in Primary and Secondary Computing Education
(WiPSCE)

• ACM Conference on Global Computing Education (CompEd)
• Conference for Research on Equitable and Sustained Par-
ticipation in Engineering, Computing, and Technology (RE-
SPECT)

• ACM Conference on International Computing Education
Research (ICER)

• Conference on United Kingdom & Ireland Computing Edu-
cation Research (UKICER)

Our collection includes all types of publications found within
these proceedings and issues, such as full papers, short papers,
posters, panels, and keynotes. For the purposes of this work, the
term publications is used to refer to all of them.

The pre-processing phase involved extracting raw texts from the
PDF files along with relevant metadata, followed by filtering the
documents to ensure they aligned with our research scope.

To focus specifically on K-12 computing education, we included
a paper in our analysis only if at least one of the following keywords
appeared in the title, abstract, or keywords:K-12, primary, secondary,
school, middle school, high school (case-insensitive).

Figure 4 shows the number of publications from each conference
series and journal that were used for topic modelling. In total, we ex-
amined 4,848 papers on K-12 computing education, of which 1,172
met our criteria and were used to train the topic model. For some of
the newer conferences and journals, such as CompEd, UKICER, and
RESPECT, there were only a small number of publications within
our scope (each with 𝑛 < 25). This should be taken into considera-
tion when interpreting the results, particularly those discussed in
Section 4.3.4.
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Figure 5: Number of publications by year of publication used
to train the topic model.

Figure 5 shows the number of publications by the year they were
published. As expected, the number of publications increases with
time, reflecting both a trend among conferences to accept more
papers each year and the fact that some of the conferences and
journals we included have not been around for all 10 years.

4.2.2 Retrieval Augmented Generation. We applied RAG [66] to
extract rationales from the raw texts. RAG operates through a
two-step process: First, it retrieves relevant context from the text,
and then it generates a response to the question (“Based on the
article, what is the rationale or justification for teaching computing
/ computer science / informatics in schools?”) based on the retrieved
context.

For context retrieval, the document was split into overlapping
chunks, each up to 1,024 characters long with a 256-character over-
lap between consecutive chunks. Each chunk was then embedded
in a vector space and stored in a vector database. Using semantic
search, the 10 most relevant chunks were selected to address the
question. These selected chunks were provided as context to an
LLM to generate the final answer to the question. We chose the
Meta Llama 3.1 8B Instruct model [3], which we ran on a local com-
puter to avoid uploading papers that were not publicly available
on third party servers.

The LLM was instructed to generate a maximum of three bullet
points in response to each query, as seen in Figure 6. With each
bullet point providing one rationale, this allows for up to three
rationales per paper.

We experimented with different prompts using different ques-
tions and instructions. We tested the prompts on a set of papers
that were used to identify the rationales outlined in section 2.1. We
compared the responses with our expectations in order to refine
the prompt. We discuss some of the limitations we identified from
this process in section 4.3.1.

The responses from the RAGs yielded a total of 3,576 bullet
points, each of which was considered a rationale or justification

You are an assistant for question-answering tasks.
You will be provided with some retrieved context from a

research article to answer a question.
If the context doesn't provide enough information for you to

answer the question, say that you don't know the
answer.

Give your answer in form of a unnumbered markdown list with
a maximum of 3 short bullet points. Keep the answer
concise.

Base your answer solely on the article's perspective and do
not add any additional information that does not
directly answer the question.

Question: Based on the article, what is the rationale or
justification for teaching computing / computer science
/ informatics in schools?

Context: <context>

Figure 6: Prompt used for Retrieval Augmented Generation.

for teaching computing in schools according to the LLM. While
the initial prompt specified a maximum of three bullet points per
response, some responses exceeded this limit with up to five bullet
points. This discrepancy was only noticed after merging the topics
(as described in Section 4.2.3), which led to the decision to allow
more than 3 bullet points per article. In retrospect, we believe that
a value of 5 would have been more appropriate.

4.2.3 Topic Modelling. In the final step, we used topic modelling
to cluster the generated responses based on their semantic simi-
larity. We used BGE-M3 [129] embedding model to create vector
embeddings for the responses and BERTopic [41] to create clusters
based on these embeddings.

We tried different values for the minimum cluster size before
settling on 7, which gave us a manageable number of clusters (𝑛 =

71) while retaining enough detail to detect less commonly used
rationales. For all of the other parameters we used their default
values.

The 71 fine-grained clusters were semi-manually merged by
three of the authors, guided by their pairwise class-based term fre-
quency - inverse document frequency (cTF-IDF) distances. cTF-IDF
is a class-based variant of TF-IDF, which is a measure of how impor-
tant a word is in a document relative to a collection of documents
by combining how often the word occurs in the document (TF) and
how unique it is across the collection (IDF) [41].

This process reduced the number of clusters down to 11. The
labels for the clusters were chosen based on the corresponding
keywords and representative examples (see Table 7).

By merging the initial clusters, some details were inevitably
lost, leading to the creation of broader categories for the identified
rationales. While this approach helps in simplifying and organis-
ing the data, it may obscure finer distinctions between different
justifications that were originally identified.

For each paper, we identified which of the rationales were men-
tioned at least once, i.e., at least one item from the paper was
assigned to the corresponding cluster. This resulted in a Boolean
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matrix where each element denotes whether or not a rationale is
present in a paper. This matrix was then used for calculating the
relative frequencies of the rationales.

4.2.4 Validation of the RAG responses. There are several limitations
associated with the use of LLMs, including potential model biases,
social biases related to the input [63], hallucinations [130], chal-
lenges in interpretability of results, and difficulties in handling the
subtleties of intricate academic discussions [76, 82]. To evaluate the
accuracy of the responses generated by the LLM, we compared au-
tomatically generated responses with human-generated responses
on a sample dataset of publications. These papers were included in a
manual review and already had researchers-generated explanations
for each dimension of the curricular spider web framework [118].
We asked the LLM to describe seven out of the nine different aspects
of the spider web framework (see Figure 1) which elicit the K-12
computing education approaches behind the rationale that comes
out of topic modelling. One of the researchers who performed the
manual review graded LLM’s answers based on 42 papers. The
criterion applied for comparison was closeness to answers identified
by human coders. The grading was critically done with an inter-
pretive approach. It was noted that some of the articles do not
specifically answer a question. In such cases, we expect to have an
LLM text response along the lines of “The article does not explicitly
mention...” for a perfect match. However, if the LLM results in a
response to such a question, we treat it as an unmatched answer.
We adapted the evaluation method from Barany et al. [6]’s work
in benchmarking LLM’s ability to develop qualitative codebooks.
The grading schema to evaluate LLM’s answer for each dimension
included assignment as follows:

• 1 (a perfect match with the human answer)
• 0.5 (a close yet not perfect match)
• 0 (an unmatched answer)

The evaluation of 336 responses from 42 papers shows a 79.69%
accuracy in the LLM responses.

4.3 Results & Discussion
4.3.1 Rationales identified through Topic Modelling. Following the
process described in section 4.2.3, a total of 11 clusters were derived
from the LLM responses.

The following list presents the labels for each cluster, which
were derived from the keywords and examples provided by the
topic model. The clusters are ordered by their relative frequency
within the papers, starting with the highest frequency:

(1) Develop Computational Thinking and Problem Solving Skills
(2) Increase Equity and Access to Computing Education
(3) Foster Interest, Self-Efficacy, and Engagement in Computing
(4) Develop Programming Skills: Reading, Writing, and Debug-

ging
(5) Broaden Participation in Computing for Underrepresented

Groups
(6) Build a Foundation in CS for Future Careers and Further

Education
(7) Prepare Students for a Technology-Driven, Digital World

(Digital Literacy)

(8) Address the Growing Demand for CS Professionals and Na-
tional Competitiveness

(9) Data Literacy and AI Education
(10) Integrate CS with Other Disciplines
(11) Understand and Evaluate the Impact of Technology on Soci-

ety

Table 7 provides detailed information about each cluster, includ-
ing its label, the number and percentage of articles containing at
least one item from that cluster, as well as representative keywords
and examples.

Although our prompt explicitly requested rationales or justifica-
tions for teaching computing in schools (see Figure 6), some of the
clusters can be more accurately characterised as learning objectives
or educational goals rather than rationales. These clusters highlight
specific topics or skills that students are expected to acquire, such as
programming or data science. While these do not strictly align with
the definition of rationales we sought (see Section 1.3), they are all
closely linked to at least one underlying rationale. For example, (6)
Build a Foundation in CS for Future Careers and Further Education is
closely related to the Educational and Workforce Rationale, while
(9) Data Literacy and AI Education is closely related to the Scientific
Rationale, although it can also be attributed to other rationales such
as the National Rationale, given the growing relevance of this area.

While these clusters are not rationales in the strict sense, they do
provide a valuable insight into the values and beliefs of the authors
by reflecting what they consider important for students to learn.
For example, an emphasis on certain skills, such as programming,
suggests that the authors may consider these skills to be so critical
or compelling that they serve to justify the inclusion of the subject
itself. In section 1.3.2 we discussed how the distinction between
rationales and goals is sometimes blurred.

Other clusters, such as (2) Increase Equity and Access to Comput-
ing Education, (5) Broaden Participation in Computing for Underrepre-
sented Groups, and (3) Foster Interest, Self-Efficacy, and Engagement
in Computing, can be characterised as motivators (see [77]) for
teaching computing rather than direct answers to the question of
why it is important to learn about it. However, they might hint at a
hidden rationale. For example, broadening participation contributes
to addressing the demand for CS professionals increasing the hu-
man resources that could contribute to the CS workforce. Addi-
tionally, involving under-represented groups through educational
approaches created with this motivation enriches the discipline
with new ideas and perspectives.

There are a number of factors that may have contributed to this
outcome. It is possible that the LLM was unable to fully capture the
complexity of the authors’ chain of reasoning. We used LLama 3.1
8B Instruct [3], a relatively small model, to allow for local deploy-
ment. In addition, the sentence embedding model may have been
inadequate for capturing rationales, since the task on which it was
trained was to distinguish between topics rather than rationales.

Another possible explanation is that in many papers the authors
did not articulate their rationale in a way that was consistent with
our definition (see Section 1.3). The rationales described in Section
2.1 are expected to be more abstract than the concrete arguments
commonly found in the K-12 computing education literature.
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Finally, the prompt used could potentially be further refined. As
described in Section 4.2.2, we experimented with various prompts,
incorporating different questions and instructions to mitigate this
issue. The generated responses were promising and aligned well
with our expectations when applied to papers where a clear ratio-
nale was explicitly stated. However, when applied to papers lacking
an explicit rationale, we observed that the LLM tended to produce
responses resembling learning objectives instead. This suggests that
the model struggles to distinguish between rationales and learning
objectives. In retrospect, it may have been beneficial to include a
definition of what we define as a rationale in the prompt.

While we acknowledge that many of the clusters are not ratio-
nales in the sense we were looking for, for ease of presentation
we keep using the term rationale to refer to them in the following
sections.

We found that some of the rationales identified in the literature
review were consistent with rationales found in similar studies. For
example, the “computational thinking rationale” [15, p.60] and the
“equity of participation rationale” [15, p.59] proposed by Paulo and
Hejazi [91] were seen as the first two rationales to emerge from the
topic modelling, namely (1) Develop Computational Thinking and
Problem-Solving skills and (2) Increasing Equity and Access to Com-
puting Education. While this represents a clear one-to-one mapping,
these rationales can also be associated with the six broader ratio-
nales outlined in Section 2.1. For instance, the rationales develop (1)
Computational Thinking and Problem Solving Skill, (4) Develop Pro-
gramming Skills, and (6) Build a Foundation in CS for Future Careers
and Further Education justify skill development in K-12 age groups
to foster personal educational goals as well as to become eligible
for future careers. Thus, these might be rooted in the educational,
personal, as well as workforce rationales. However, the degree to
which each LLM-generated rationale may be aligned to a rationale
identified in the literature is subjective and variable based on the
research context.

The LLM-generated rationale (10) Integrate CS with Other Dis-
ciplines is centred around integrating foundational CS skills into
Science, Technology, Engineering, and Mathematics (STEM), rather
than offering them as standalone units or out-of-class experiences.
The rationale is aligned with the values of utilizing the power of
computing as a means to understand the phenomena in the world,
as the scientific rationale [33, 45] previously discussed in the litera-
ture.

Some of the rationales, such as (9) Data Literacy and AI Edu-
cation and (7) Digital Literacy, are missing from the previous list
of rationales described in section 2.1. Digital literacy rationale is
about providing students with the skills and knowledge necessary
to succeed in an increasingly technology-driven world. The (9) Data
Literacy and AI Education rationale justifies developing AI literacy
through an integration of AI concepts and the adoption of AI in
future jobs. It also encompasses learning about the ethical and soci-
etal implications of AI, which is relevant to the future generation
of humankind. These rationales are evident in recent years with
digital technologies based on data and AI increasingly becoming
ubiquitous and tightly associated with society. In this aspect, these
rationales, in addition to (11) Understand and Evaluate the Impact of
Technology on Society, seem to be connected to the societal rationale
of being able to influence the technological world and being critical

about the technological influence on society. Through these ratio-
nales, enabling students to recognize and evaluate the ubiquitous
impact of computing technology on society is found to be along
the lines of computational literacy [45] in the context of Big Data,
AI and other modern technologies.

4.3.2 Frequencies of rationales across all publications. Figure 7
shows the overall usage of the 11 rationales identified by topic
modelling across all publications as relative frequencies. The most
frequently used rationale is (1) Develop Computational Thinking
and Problem-Solving Skills which was mentioned in 25.6 % of all the
publications reviewed, followed by (2) Increase Equity and Access to
Computing Education (21.42 %), (3) Foster Interest, Self-Efficacy, and
Engagement in Computing (21.16 %), and (4) Develop Programming
Skills: Reading, Writing, and Debugging (19.03 %). Considering the
relevance of the term “computational thinking”(CT) in recent years
and its role in justifying the integration of the subject into national
curricula in many countries, including Germany, USA, India and
UK, this is not surprising.

We advise against putting too much emphasis on the percentage
values, as they are partially dependent on model parameters and
human influence during the merging process. However, the general
trends were consistently observed regardless of the different model
parameters.

4.3.3 Relevance of rationales over time. By grouping the publica-
tions by their year of publication and then calculating the frequen-
cies of each rationale within each year, we can observe how the
relevance of the rationales has shifted over time. Figure 8 illustrates
these changes in rationale frequencies over the years. We also com-
puted Spearman correlations [47, 105] between the frequencies and
publication years to determine if there are statistically significant
trends.

The rationale (2) Increase Equity and Access to Computing Educa-
tion had relatively low prominence in the early years (2014–2016)
but has gained significant traction and now drives much of the
current computing education research (𝑟 = .83, 𝑝 = .002). Similarly,
we observed a sharp increase in relevance for (9) Data Literacy and
AI Education (𝑟 = .93, 𝑝 < .001), reflecting the growing importance
of technology in this area. These upward trends emphasize the in-
fluence of the social impact of technology on computing education
research in recent years.

In contrast, the most frequently occurring rationale, (1) Develop
Computational Thinking and Problem-Solving Skills (see Figure 7),
has shown a steady decline since approximately 2017–2019 (𝑟 =

−.74, 𝑝 = .009). Likewise, (8) Address the Growing Demand for CS
Professionals and (6) Build a Foundation in CS for Future Careers and
Further Education peaked in relevance around 2016 but have since
been in decline. The relevance of other rationales has remained
relatively stable over time.

4.3.4 Relevance across series and journals. Figure 9 presents the
usage of each rationale across the various conference series and
journals included in the corpus. The values represent the percentage
of publications from each conference series or journal that includes
the corresponding rationale.
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Table 7: Overview of clusters ("rationales") identified through Topic Modelling. Each cluster includes the number (𝑛) and
percentage (%) of articles associated with the rationale, keywords ranked by cTF-IDF scores, and a representative example from
the RAG responses. Note: The percentages exceed 100% as articles may state more than one rationale.

Rationale 𝑛 % Keywords Example

1 Develop Computational Think-
ing and Problem Solving Skills

300 25.6 CT, computational thinking, thinking
CT, computational thinking CT, develop
computational thinking, develop com-
putational, solving skills, problem solv-
ing skills, skill, CT skills

To develop computational thinking
skills.

2 Increase Equity and Access to
Computing Education

251 21.4 access, equity, equitable, disabilities, CS
education, participation, accessible, pro-
mote equity, ensure

To increase equity in access to and par-
ticipation in computer science educa-
tion.

3 Foster Interest, Self-Efficacy,
and Engagement in Computing

248 21.2 interest, motivation, engagement, self,
self efficacy, efficacy, interest computer
science, interest computer, attitudes, in-
crease student

To increase students’ self-efficacy and
interest in computing, as well as general
school engagement and motivation.

4 Develop Programming Skills:
Reading, Writing, and Debug-
ging

223 19.0 debugging, children, primary, programs,
program, scratch, primary school, pro-
gramming concepts, code, artifacts

To develop program comprehension in
novice programmers, allowing them to
read and reason about code while writ-
ing it.

5 Broaden Participation in Com-
puting for Underrepresented
Groups (e.g. Girls)

184 15.7 girls, participation, underrepresented,
broaden, broaden participation, women,
diversity, groups, gender, participation
computing

To broaden participation in comput-
ing, particularly for underrepresented
groups.

6 Build a Foundation in CS for Fu-
ture Careers and Further Educa-
tion

206 17.6 foundation, careers, foundation com-
puter science, foundation computer,
skills knowledge, solid, quantum, future
careers, solid foundation, professional

To help students build a strong founda-
tion in computer science and program-
ming, which can benefit their future ca-
reers and personal lives.

7 Prepare Students for a
Technology-Driven, Digi-
tal World (Digital Literacy)

156 13.3 digital, increasingly, skills knowledge,
century, 21st, 21st century, students
skills knowledge, technology driven,
students skills, succeed

To provide students with the skills and
knowledge necessary to succeed in an
increasingly technology-driven world.

8 Address the Growing Demand
for CS Professionals / National
Competitiveness

145 12.4 demand, jobs, growing, becoming, in-
creasingly, demand computer, profes-
sionals, high demand, countries

To address the growing demand for
computer science professionals and to
prepare students for careers in the field.

9 Data Literacy and AI Education 92 7.8 AI, machine, machine learning, data sci-
ence, intelligence, artificial intelligence,
artificial, literacy, ml, technologies

To develop AI literacy through an inte-
gration of AI concepts, ethical and soci-
etal implications of AI, and the adoption
of AI in future jobs.

10 Integrate CS with Other Disci-
plines

88 7.5 mathematics, integrate, interdisci-
plinary, math, physics, disciplines,
subjects, integrate computing, concep-
tual, natural

To integrate foundational CS skills,
such as designing an algorithm, gener-
ating abstractions, etc., into core aca-
demic Science, Technology, Engineer-
ing, and Mathematics (STEM) classes,
rather than offering them as stand-alone
units or out-of-class experiences.

11 Understand and Evaluate the
Impact of Technology on Soci-
ety

35 3.0 impact, technology society, impacts,
evaluate, society internationally, pro-
claimed goal, proclaimed, internation-
ally proclaimed, evaluate impacts, eval-
uate impacts computing

To enable students to recognize and
evaluate the ubiquitous impact of com-
puting technology on society, which is
an internationally proclaimed goal of a
K-12 computing education.
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2014 2016 2018 2020 2022 2024
0%

10%

20%

30%

40%

50%
Rationale

Develop Computational Thinking and Problem Solving Skills
Increase Equity and Access to Computing Education
Foster Interest, Self-Efficacy, and Engagement in Computing
Develop Programming Skills: Reading, Writing, and Debugging
Build a Foundation in CS for Future Careers and Further Education
Broaden Participation in Computing for Underrepresented Groups
Prepare Students for a Technology-Driven, Digital World (Digital Literacy)
Address the Growing Demand for CS Professionals and National Competitiveness
Data Literacy and AI Education
Integrate CS with Other Disciplines
Understand and Evaluate the Impact of Technology on Society

Year

Pe
rc

en
ta

ge
 o

f 
pa

pe
rs

 in
 w

hi
ch

th
e 

ra
ti
on

al
e 

w
as

 p
ro

vi
de

d

Figure 8: Change in the relevance of stated rationales over time. The percentages refer to the proportion of papers that provide
the rationale in relation to all papers in the year that were included in our analysis.

The heat map highlights the focus of different conferences and
journals. One notable case is the RESPECT conference, which fo-
cuses on diversity, equity, inclusion and justice in K-12 computing
and computing education. As expected, the rationale (2) Increase Eq-
uity and Access to Computing Education stands out, with 70.8% of all
the publications from RESPECT stating this rationale. RESPECT’s
emphasis on equity, thought-provoking reflection to inform and

enrich collective scholarship was reflected in some of these LLM-
generated societal rationales.

We observed similar findings for CompEd. The CompEd confer-
ence was conceived as an opportunity for SIGCSE to reach new
audiences around the world, and has only two years of limited pub-
lications. The rationales (1) Develop Computational Thinking and
Problem Solving Skills and (6) Build a Foundation in CS for Future
Careers and Further Education were found to be the most frequently
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Figure 9: Usage of rationales by conference series and journals. The values represent the percentage of publications from each
conference series/journal that includes the corresponding rationale.

stated in CompEd, which is organised in venues other than those
of the Global North.

Both ICER and WiPSCE have high frequencies for the (1) De-
velop Computational Thinking and (4) Develop Programming Skills
rationales, indicating a focus on programming competencies.

On contrary, UKICER is primarily concerned about (3) Foster
Interest, Self-Efficacy, and Engagement in Computing (28.6 %). How-
ever, it should be noted that UKICER is a new, small, single-track
conference with only four years of output, at this point. On average,
only around 8 full or working papers are accepted per year, and
around the same number of posters. Therefore, caution is urged
regarding the generalization of this pattern in relation to these new
conferences.

4.4 Summary
In this section, we have described an NLP-based literature review
with the intention of answering the second research question: What
are the rationales that are being used to justify the teaching comput-
ing at the K-12 level? (through the last 10 years of K-12 computing
education research publications). We introduced a research method
informed by RAG and topic modelling techniques to analyse the
large data corpus and identified the LLM-generated rationales.

Through the NLP-based review, we could confirm some of the
rationales from the literature mentioned in Section 2.1. Within
the timespan of the last 10 years, we could observe some of the
rationales concerned with developing CT or programming skills to
be on the decline in the publication focus, giving growing value to

the concerns of equity, access, and reflection on the social impact of
technology. We have looked at how the rationales were represented
across the computing education publication venues to uncover
the values and beliefs observable in the respective publications.
However, we recognize that 10 years is a short timespan to justify
the possible decline or growth in research values which may be,
by nature, layered deeper within the longstanding traditions of
K-12 computing education. We discuss these rationales further in
Section 5 while answering RQ3.

We observed that the LLM-generated answers to rationales ex-
hibit ambiguity due to the vague presentation of the research, par-
ticularly regarding what is proposed as a rationale versus what is
implemented as an approach within the publication. We discuss the
probable reasons for this ambiguity in the next section, where we
connect the rationales observable in publications to the underpin-
ning values and beliefs, hidden in computing education research
traditions.

5 Values and beliefs underpinning K-12
computing education (RQ3): towards
educational traditions

In this section, we synthesise the results obtained from both man-
ual analysis and NLP-based analysis. Each method has its own
advantages and limitations. By aligning their outcomes, we aim
to abstract and frame the findings within Biesta’s general educa-
tional functions [9]. Ultimately, this process led to the proposal of
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four educational traditions for computing education and computing
education research, in order to answer our third research question.

RQ3 What are the values and beliefs that underlie the rationales
for teaching computing at the K-12 level? (hidden or implicit)

The manual literature analysis identified six rationales by ex-
amining 58 selected papers. These papers were chosen based on
theoretical considerations to represent a wide range of perspec-
tives, values, and beliefs. An advantage of the manual approach is
the depth of interpretation it provides, particularly for uncovering
implicit rationales.

In contrast, the NLP analysis included a broader dataset of 1,175
papers from nine different Computing Education Conferences (from
the ACM Digital Library), focusing on those related to K-12 edu-
cation. This approach offers a higher likelihood of identifying all
potential rationales due to its extensive scope. However, it faces
challenges in accurately extracting rationales because they are often
implicit. Additionally, current NLP techniques struggle to distin-
guish between rationales, goals, and aims of computing education,
as well as to separate these from the general motivations or research
rationales of the papers themselves.

Aligning and combining these two approaches allows us to build
a better understanding and provides a basis for developing a general
and abstract framework of educational traditions in K-12 computing
education. In summary, we have undertaken the following three
steps in this phase of the research:

(1) Synthesising the results frommanual andNLP analyses using
Biesta’s framework of educational functions.

(2) Conducting an additional manual analysis of the six initially
identified approaches, interpreting them through the lens of
Biesta’s three functions of education.

(3) Deriving four traditions in computing education based on
the previous two steps, complemented by our background
knowledge of diverse perspectives and traditions within the
academic discipline of computing.

5.1 Synthesizing Manual and NLP Analyses
To synthesise and abstract the results, we framed them within
Biesta’s three functions of education. We begin by introducing
these functions, followed by the results of the synthesis and their
interpretation.

5.1.1 Educational Functions and Values. As defined in Section 1.3,
we understand values as inherently social constructs describing
something that is perceived by an individual or group as intrinsi-
cally desirable. The values underlying various rationales and ap-
proaches for K-12 computing education can be extremely diverse
such that an exhaustive inventory or even just a list of most com-
monly held values appears infeasible. To structure the field, we
draw on the three general functions of education suggested by
Biesta [9]: qualification, subjectification and socialisation. While
they do not constitute values in themselves, they do, as we argue
below, readily suggest certain value clusters and may thus serve
as a pragmatic framework for analysis. It is also worthy of note
that the three functions seem to quite neatly align with the three
basic psychological needs for competence, relatedness and auton-
omy, established by self-determination theory as central drivers in
human behavior and well-being [94]. While needs are not the same

as values, basic needs arguably satisfy our definition as things that
are primarily pursued for their own sake.

Qualification describes the process of imparting students with
certain knowledge, skills or dispositions that allow them to “do
something” [9, p.40], whether that is pursuing a specific job or
profession, or generally coping with everyday challenges like read-
ing street signs, doing taxes, or following a political debate. While
this suggests a myriad of possible underlying values, e.g., personal
and economic prosperity, or self-efficacy, according to Biesta [9],
debates about the qualification function of education have been
dominated by the “common sense” value of “academic achieve-
ment”, as evidenced and proliferated by large-scale assessments
like TIMMS, PIRLS and PISA.

Socialisation describes the process of exposing students to and
the aim to have them internalise “particular social, cultural and
political ‘orders’” [9, p.40]. It is similar to what with H.W. Heymann
can be called “promoting cultural competence”, see [8], the goal for
students to develop an identity as members of a certain society or
culture (see also Merry [78]). In principle, these may be geographic,
ethnic, political, spiritual, professional, or based on any other shared
value system around which people may form a community. Biesta
[9] argues that such processes may be pursued actively, through
the deliberate “transmission of particular norms and values”, but
are also often part of the “hidden curriculum”[9, p.40]. While the
former case presupposes that the imparted norms and values were
judged as desirable, in the latter case, this may not be so. Hence,
biases, prejudices or inequities may be propagated unwittingly as
parts of the existing social order.

Subjectification can be described as “the opposite of the so-
cialisation function” [9, p.40], in that it does not aim to integrate
students into an existing order, but to develop them as “subjects
of initiative and responsibility” [11, p.77], who are able to think
and act for themselves and in accordance with their very own val-
ues and interests. It emphasises development as an individual and
incorporates notions like empowerment, independence, or agency.

These functions are, of course, neither mutually exclusive nor
disjoint. For instance, it seems self-evident that individual agency
and social participation should require certain knowledge and skill.
Biesta [9] himself states that qualification can also take the form
of “an introduction to modern culture”[9, p.40], thus blending it
with socialisation. Moreover, subjectification may be difficult to
distinguish from socialisation if one views autonomy and indepen-
dence as primarily individualist and Western social values. Indeed,
if values are, as we defined them above (Section 1.3), inherently
social constructs, any transmission of values, any educational ac-
tion aiming to bring about something desirable in another person,
can technically be seen as a form of socialisation. These points
notwithstanding, we believe these three functions can provide a
meaningful analytical lens on the review results reported above.

5.1.2 Results of the Synthesis. To frame this study, we identified
six rationales: personal, career, national, educational, societal, and
scientific (Section 2.1). We observed their complex, overlapping im-
plementation in our manual literature review (Section 3). Personal
rationales were the most frequently identified (67%), followed by
educational (52%) (Table 2), with most of the 58 reviewed papers

245



What We Talk About When We Talk About K-12 Computing Education ITiCSE-WGR 2024, July 8–10, 2024, Milan, Italy

incorporating multiple rationales. Some correlations between ratio-
nales and approaches were evident: the personal rationale appeared
across all curriculum approaches, while the workforce rationale was
absent in papers emphasising critical consciousness or computing
for social good. Conversely, the societal rationale was prominent
in these approaches (Figure 3).

The NLP-based literature review identified eleven rationales (Sec-
tion 4). Some of these, such as "CS for future careers and further
education", aligned with the original six rationales, particularly
career and educational (Table 8). However, other NLP-derived ra-
tionales, like "Develop programming and debugging skills", were
less straightforward, reflecting curriculum implementation rather
than explicit rationales. This ambiguity highlights the difficulty of
inferring rationales when they are not explicitly stated, as authors
may have varying implicit motivations shaped by cultural or tem-
poral contexts. For instance, programming might reflect a scientific
rationale in the 1990s but signify societal or personal empowerment
in the 2020s, or serve as an economic rationale at any time.

In summary, at an abstract level, some consensus exists in the
literature on rationales for K-12 computing education (Section 2.1).
However, this consensus diminishes when examining the literature
on specific approaches to designing, implementing, or refining K-12
computing education programs (Section 4.3). Table 8 summarises
the synthesis.

5.1.3 Interpretation of synthesis. The career, national, educational
and scientific rationales were mapped on to the qualification func-
tion as they all revolve around the skills and competencies necessary
for certain professional or academic pursuits, whether a well-paid
or highly sought-after job or scientific and educational achieve-
ment. As already mentioned, Biesta [9] directly discusses “academic
achievement” as one of the focal points of the qualification debate in
recent years. The societal rationale, which revolves around respon-
sible and informed citizenship, was mapped onto the socialisation
function as such citizenship arguably constitutes participation in
an existing social and political order. Finally, the personal ratio-
nale, which revolves around creativity and self-actualisation, was
mapped onto the subjectification function as it is through such pro-
cesses that an individual may express their own individual values
and interests.

As shown in Table 8, several of the NLP-derived rationales also
seem to align with the original six rationales. Training for future
careers and further education clearly combines the career and ed-
ucational rationales, while addressing a national demand for CS
professionals aligns with the national rationale. The aim of integrat-
ing CS with other subjects seems to be more immediately concerned
with implementation questions, i.e., how to teach computing. How-
ever, it also implies that computing can be beneficially integrated
there, presumably to support either the learning or the practice of
these disciplines, which respectively align with the educational and
scientific rationale. The aim of fostering interest and self-efficacy
in computing arguably includes elements of the personal rationale.
One might argue that to actually count as a rationale, the objective
should be to foster that through computing, but it is difficult to
gauge how much weight to put on a single preposition when inter-
preting the NLP results. Preparing students for a technology-driven
world clearly aligns with the societal rationale and potentially also

with the personal one. Finally, the aim of allowing students to assess
the social impacts of technology is also quite clearly aligned with
the societal rationale.

However, several of the NLP-derived rationales are also seem-
ingly unrelated to those used in the manual literature review. We
would argue that those do not actually constitute genuine rationales
for learning computing, but focus on other areas of the curricular
spider web. The aims to foster CT, problem-solving, programming
or debugging skills seem to align with the so-called ‘computational
thinking rationale’, which we already discussed in Section 2.1 as
primarily focussed on learning objectives and content, whose ac-
tual value presumably relies on some other rationale. The same
argument can be made for AI education. Likewise, the aim of broad-
ening participation in and increasing access to K-12 computing
education aligns with the ‘equity of participation rationale’ also
already discussed in Section 2.1 as essentially dependent on other
rationales.

Overall, some of the NLP-derived rationales – including three of
the four most frequently stated ones: (1) Develop CT and (2) pro-
gramming skills, and (3) increase equity and access to computing
education (see Table 7) – do not align with the rationales outlined
in Section 2.1. We would argue that these do not constitute gen-
uine rationales for why people should learn computing in the first
place. However, given their relative frequency, they clearly play
a prominent role in what we talk about when we talk about K-12
computing education and thus cannot be simply discarded as arte-
facts or model hallucinations. Instead, we propose that these rather
constitute rationales for K-12 computing education research. For
instance, fostering CT and programming skills are long-established
objectives of K-12 computing education and may well be among
the most prominent areas of computing education research [42, 62].
Although a more recent development, the same can currently be
said about research on AI education [68, 85]. Similarly, recent years
have seen a growing body of work, particularly in the US, on equity,
diversity and inclusion in K-12 computing education [80, 113].

In essence, there seems to exist a notable consensus, at least in
certain parts of the community, that learning CT, programming or
AI basics, and fostering equitable access to related education are
valuable objectives and legitimate reasons for related research – and
we do not wish to contest that notion. On the one hand, where such
consensus exists, repeatedly presenting an underlying rationale
can quickly feel redundant or even suggest a controversy where,
in fact, none exists. On the other hand, such practices may also
appear, particularly to novice researchers or external onlookers,
to take on a life of their own, to become a seemingly self-evident
paradigm dissociated from the rationales and values that ground
it. While we do not suggest that this is the case for the research
areas above, we do believe that it is important for researchers to be
able to distinguish these kinds of rationale and be aware of what is
being justified: a research effort or a learning objective?

5.2 Secondary Manual Analysis of Approaches
Based on this mapping of rationales and educational functions, we
conducted a secondary analysis of the manual review results to
assess how different educational approaches correlate with different
educational functions.
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Table 8: Mapping of manually identified rationales (Section 2.1), NLP-derived rationales (Section 4.3) and educational functions
(Section 5.1.1)

Qualification Socialisation Subjectification Implemen-
tation(NLP) rationales Career National Educational Scientific Societal Personal

Build a Foundation of CS for Future Careers and Further Ed ✓ ✓
Address the Growing Demand for CS Professionals ✓

Integrate CS with Other Disciplines ✓ ✓ ✓
Foster Interest, Self-Efficacy, Engagement in Computing ✓
Prepare Students for a Technology-Driven, Digital World ✓ ✓
Understand and Evaluate the Impact of Tech on Society ✓

Develop CT and Problem-Solving Skills ✓
Develop Programming Skills ✓

Data Literacy and AI Education ✓
Broaden participation for under-represented groups ✓
Increase Equity and Access to Computing Education ✓

Table 9: Correlation of educational functions and approaches based on the manual review results (Section 3). This is analogous
to Table 4, but aggregates rationales into educational functions in accordance with Table 8.

Approach Algorithmic
Problem-solving

Sociotechnical Constructionist Computational
Empowerment

Critical Comput-
ing

Computing for
Social Good

Function

Subjectification 70% 69% 64% 75% 75% 78%

Socialisation 26% 62% 50% 50% 92% 89%

Qualification 72% 85% 64% 45% 42% 33%

The result is shown in Table 9. The table is analogous to Ta-
ble 4 but aggregates the six approaches into the three educational
functions. That is, it shows what percentage of papers coded with
a certain approach were also coded with at least one rationale
mapped onto a certain educational function. For example, of the
43 papers coded with the algorithmic problem-solving approach,
31 (72%) were also coded with at least one of the four rationales
mapped onto the qualification function. The subjectification func-
tion seems to be rather highly correlated with all six approaches,
while the socialisation and qualification functions exhibit notably
greater variance. Overall, the different approaches exhibit different
correlation patterns with the educational functions.

As mentioned above, the six approaches to K-12 computing edu-
cation exhibit different correlation patterns with the three educa-
tional functions (Table 9). While we would caution against giving
too much weight to the statistical significance of these numbers,
we do believe they suggest underlying differences with respect to
how computing education and its value tend to be conceptualised
in the context of different educational approaches.

The algorithmic approach exhibits a distinct pattern, while the
three approaches on the right side of Table 9 show similar charac-
teristics. These approaches score relatively high on subjectification,
with the two on the far right also scoring very high on socialisation.
In contrast, the algorithmic approach has the lowest scores across
all dimensions. These differences likely stem from underlying be-
liefs about the nature of the discipline. Values and assumptions

about computing appear to shape educational approaches. In Sec-
tion 5.3, we investigate this hypothesis further, interpreting the
results in Table 9 in more detail and linking the observed patterns
to educational traditions, informed in part by prior research on
disciplinary traditions.

5.3 Developing a model of educational
traditions

We now present four traditions in K-12 computing education, based
on our background knowledge of different perspectives and tradi-
tions within the academic discipline of computing. As mentioned
above, while the focus is on K-12, it can also be useful in thinking
about academic computing education.)

Traditions play an important role in shaping the rationales for
why a particular subject should be taught in schools, as they are
inherently tied to specific perspectives on the discipline itself. For
example, a previous ITiCSE working group from 2010 examined
how computing education can be defined by redefining comput-
ing itself [49]. The same was recognized by the ACM and IEEE
Computer Society (IEEE-CS) in the 1980s, when the organisations
decided to update their computing curricula and define a “new
teaching paradigm” for computing [116]. The curriculum commit-
tee wanted the new recommendations to be tied to a new working
definition of computing as a discipline, and set up two task forces,
one for defining computing as a discipline, and another to develop
new curriculum recommendations based on the new definition
of computing as a discipline [108, p53]. The pair of documents,
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Table 10: Overview of the three disciplinary traditions adapted from Tedre and Apiola [109].

Theoretical Tradition Engineering Tradition Scientific Tradition
G
oa
ls
&
ai
m
s Aims at coherent structures Aims at working implementations Aims at new findings about the

world
Concerned with coherence and cor-
rectness

Concerned with utility, reliability,
and usability

Concerned with accuracy and va-
lidity

Extending and refining theoretical
knowledge

Changing the world Understanding the world

Algorithms and theoretical struc-
tures

Products and inventions Discoveries

O
pe
ra
tio

na
l

pr
in
ci
pl
es

Conjectures Actions Observations
Axioms and theorems Processes, rules, and heuristics Models, theories, and laws
Analytic; deductive Empirical; constructive Empirical; deductive and inductive
Concerned with structures Concerned with processes Concerned with causes
Transformations between abstract
ideas

Concretizations of abstract ideas Generalizations from particular
findings

“Publish or perish” “Demo or die” “Publish or perish”
Rarely makes propositions that are
not proven

Must be able to act under very little
information

Reluctant to make claims if there is
not enough information

Fu
nd

am
en
ta
l

as
su
m
pt
io
ns

Mostly value-free Often value-laden Claimed to be value-free
General and universal Partly generalizable Highly generalizable
Reductionist Holistic, can integrate competing

ideas
Reductionist

Collection of validated intercon-
nected propositions

Propositional and procedural
knowledge

Propositional knowledge

Descriptive Descriptive, normative, and tacit Descriptive

“Computing as a Discipline” [25] and the ACM/IEEE-CS Comput-
ing Curricula 1991 [116], became vastly influential in shaping the
field. A certain conception of computing as a discipline directly
influences curricular design decisions and rationales. For instance,
the Computing as a Discipline report [25] distinguished three differ-
ent traditions of computing: theoretical, engineering and scientific.
While the traditions are overlapping and each tradition contains
elements of the others, some differences can be found (see Table
10).

The educational traditions are briefly summarised in Table 11 and
in more detail outlined in the following subsections. A possible use
of the traditions as framework to explicate a distinctive positionality
towards computing education research is then outlined in Section
6.1.

5.3.1 The algorithmic problem-solving tradition. This tradition
takes its name from the algorithmic problem-solving approach
described in Section 3.1, which exhibits a unique pattern of cor-
relation in Table 9. It is centred on algorithms and computational
processes that manipulate information to solve a given problem.
It is influenced by a more theoretical tradition of computing as a
discipline, asking questions about computability, abstraction, logic,
pattern recognition and decomposition, which are key elements,
for example, in many CT initiatives [43]. It draws on the notion that
computational or algorithmic ways of thinking and problem-solving
are genuinely different from those in other fields [26, 29, 58, 59] and
likely represents a major strand of research in computing education

research; as evidenced, for example, by the frequency of associated
objectives in the NLP results (Figure 7).

Proponents of the theoretical tradition of computing as a disci-
pline have criticised more data- and information-centred perspec-
tives as focusing too much on what algorithms manipulate, when
the focus should be on the algorithmic processes instead [58]. Taken
to the extreme, this may become reminiscent of Dijkstra [28]’s in-
famous firewall, separating questions of formal correctness from
those of social context and desirability. Hence, it is at least plau-
sible that of the six approaches, the algorithmic problem-solving
approach exhibits the lowest correlation with the socialisation func-
tion.

Instead, learning objectives within the algorithmic problem-
solving tradition tend to focus on developing learners’ abilities
to, e.g., use basic control structures to advance in the computation
of a solution, effectively apply algorithmic design patterns, or im-
prove efficiency or other algorithmic properties [e.g., 2, 102]. An
algorithm, in this perspective, is primarily seen as a solution to
a problem, which takes the form of a finite set of unambiguous
symbol manipulations. It may have inputs, always has outputs, and
terminates in a finite length of time [58]. However, some of these
conditions can be relaxed; for a detailed discussion on the nature
of algorithms, refer to de Miguel and Velázquez-Iturbide [23].

5.3.2 The scientific tradition. This tradition takes its name directly
from the scientific tradition of computing as a discipline (Table
10), which also aptly captures the educational notions encapsulated
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here. Computing can be treated both as an object of learning in its
own right, and also as a means of further learning about the world.
It might, however, also be treated primarily as a means to an end.

Alternatively, the tradition might be called the epistemic tra-
dition, as it emphasises the acquisition of knowledge about the
world with the help of computing and by means of, for instance,
exploration, description, prediction, or explanation. As an example,
Isbell et al. [49], propose that computing curricula should better em-
phasise such core scientific competencies and content: modelling,
scales and limits, simulation, abstraction, automation, and inter-
pretation of data. This view is closely related to the educational
and scientific rationales described in Section 2.1, which emphasise
personal inquiry and academic achievement and both map onto the
qualification function of education. In Table 9, the sociotechnical
approach exhibits the highest correlation with qualification. Refer-
ring back to Table 4, we can see that this association indeed mainly
stems from the educational rationale.

Computational modelling and simulation are used to teach com-
putational approaches using real-world data: for instance, K-12
students modelling with unstructured textual data [51]. Hüsing
et al. [48] have proposed the notion of epistemic programming,
which “focuses on the acquisition of new insights and the expres-
sion and representation of ideas” through the act of programming
[48, p.294], often in data-centric contexts. Moreover, software arte-
facts themselves may be seen as executable models to experiment
with: for instance, an algorithm whose runtime behaviour or out-
come quality is to be measured empirically [122].

The tradition is thuswell suited for learning activities like inquiry-
based learning and simulation-based pedagogy in which students
are supported to develop their understanding by conducting exper-
iments, as well as observing and exploring objects and processes
that are otherwise beyond perception or control in the physical
world. In the context of K-12 computing education, this tradition
fits naturally with the cross-curricular computing needs of other
disciplines, especially the STEM subjects.

5.3.3 The design and making tradition. This tradition takes its
name from the constructionist design-making approach described
in Section 3.1, which exhibits another unique pattern of correlation
in Table 9. It emphasises the creation of useful artefacts, tools,
products, or inventions that fulfil a social need or want.

This tradition borrows from the engineering tradition of comput-
ing as a discipline, which casts it as more of a practical endeavour
that not only has to account for algorithms and data in theory, but
also for “available material” and “the laws of nature” [109, p.103]
in practice. It therefore has overlaps with both the algorithmic and
societal traditions. It is also arguable that the design and making
tradition exhibits an almost balanced correlation with three educa-
tional functions: qualification, socialisation and subjectification.

In an educational context, disciplinary engineering rigour is
often replaced by more playful, open-ended and creative projects.
Variants of constructionism [89] as well as socially oriented theories
of learning [17, 65, 124] are frequently used as pedagogical and
theoretical background [52]. Students are regarded quite literally
as creative builders of knowledge [52, 90]. When designing and
making external artefacts whether sandcastles on the beach or
computer programs, evolving ideas and thinking become visible and

shareable [89]. Such externalisation, in turn, makes learning and
reasoning processes visible for joint evaluation and development
[1, 90, 92]. As mentioned above, physical computing and maker
initiatives are representative of this tradition [14, 40, 98]. They
often emphasise collaborative projects and provide learners with
powerful tools and social settings that aim to cultivate imagination,
creativity, communication and self-expression in increasing levels
of expertise and complexity [52, 93].

5.3.4 The societal tradition. This tradition of computing educa-
tion is rooted in the understanding that computing, its practices,
and products are fundamentally embedded within broader social,
cultural, and ethical contexts. The approaches that emphasise such
embedding most prominently are arguably the critical and com-
puting for social good approaches (Section 3.1). Both exhibit very
similar correlation patterns in Table 9 with a very strong focus on
socialisation yet notably less qualification.

While we are not aware of a comprehensive account of a corre-
sponding disciplinary tradition of computing, it includes a number
of key aspects and positions. Firstly, as an underlying core assump-
tion, technology in general and computing in particular is seen not
as a morally neutral tool, which only becomes good or bad in the
hands of the people who use it, but as fundamentally value-laden,
incorporating and propagating the goals and values of the people
who produce it. Hence, teaching ethics to aspiring computing pro-
fessionals has a long-standing history in tertiary education, albeit
still with notable practical challenges [18]. Connolly [20] has even
argued that computing is essentially a social science, calling “to
move the academic discipline of computing away from engineering-
inspired curricular models and supplement it with the methods,
theories, and perspectives of the social sciences” [20, p.54].

Secondly, Mahoney [74] describes what he calls the “impact
theory” of computing technology [74, p.121], which sees it as an
important driver in social change, for better or worse. A central
aspect of impact theory is that it has “people reacting to technol-
ogy rather than actively shaping it” [74, p.122]. Conversely, the
people who do shape it essentially hold positions of social power.
Consequently, the discipline of computing may be described as a
community of practice [107], fundamentally shaped by its members.
Their identities, values, world views, and sociocultural backgrounds
thus become important disciplinary factors.

Some of these disciplinary notions carry over into the corre-
sponding educational tradition. Related approaches, particularly
critical approaches to computing education (see Morales-Navarro
and Kafai [81]), often aim to enable learners to understand and eval-
uate how computing technologies are shaped by the sociocultural
contexts in which they are designed and how, in turn, they influence
social realities in their contexts of application. Students should de-
velop an awareness of such mechanisms, in order to discover social
biases and inequities in existing technologies. Classroom discus-
sions and reflection practices are common [e.g., 12, 54, 60, 95, 96].

Another category of approaches within the societal tradition
derives from the view of computing as a community of practice and
aims to diversify its members, particularly with respect to under-
represented student groups such as women or minorities [39]. A
key pedagogical idea is to make the practice of computing more
relevant to these groups of students, e.g., by embedding learning
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material in sociocultural or local contexts directly related to those
of the learners [e.g., 19, 55, 80, 86].

5.3.5 Interpretation of the four educational traditions. The four
educational traditions described above derive and abstract from
different curricular approaches. As already mentioned, we do not
understand these traditions as mutually exclusive, nor do we sug-
gest that any one tradition is superior to another. In fact, as we will
further argue in Section 7, individual educators may subscribe to
a combination of them, giving each a particular weight or prior-
ity. Similarly, curricular approaches may well combine elements
of different traditions. One example, which we have not yet dis-
cussed, is the computational empowerment approach. As described
in Section 3.1, it departs from the core tenets of CT yet shifts them
towards a more social and critical perspective [31, 50]. Its correla-
tional pattern shown in Table 9 can be interpreted as a blend of the
patterns exhibited by the algorithmic problem-solving approach
on the one hand, and the two “societal” approaches on the other.
In that sense, computational empowerment incorporates aspects
from both traditions.

Moreover, consider the computational empowerment and so-
ciotechnical approach in contrast to each other. Both advocate for
explicitly including the societal tradition and propose similar cur-
ricular suggestions. The computational empowerment approach
revolves around the central concepts of decoding and coding, while
the sociotechnical approach focuses on deconstruction and later
on a similar dual notion of exploring and designing. At first glance,
these approaches seem almost indistinguishable. However, the com-
putational empowerment approach, with its focus on CT, is more
closely aligned with the algorithmic problem-solving tradition. In
contrast, the sociotechnical approach leans towards the scientific
tradition with its emphasis on epistemic inquiry and model build-
ing.

6 Discussion: Building a Framework
We have seen that in the field of K-12 computing education a
broad range of rationales are being discussed that inform and shape
approaches to computing education. A mix of rationales and ap-
proaches that are constantly being invented, re-invented and being
re-shuffled is quite natural for scientific research in education [101].
New approaches often build on current or older approaches with
the intent of remedying shortcomings in those predecessors such
that progression in the field is – at least implicitly – being con-
strued as incremental. For example, in a textbook from Germany
in 2010 (English translation not available), it is suggested that the
algorithmic approach is now outdated [99]. We believe that the field
should be structured with broad, deep, durable and stable views or
traditions of K-12 computing education, rather than isolated and
individual approaches.

In this section, we propose that the four traditions can be used
as an analytical framework providing different lenses to examine
particular curricular approaches, their goals, and potential ratio-
nales. The framework is presented as four separate but connected
traditions or views on K-12 computing education, as introduced
in Section 5.3. This framework can add two insights to the debate
on refining K-12 computing education approaches. Firstly, an ap-
proach is usually context-bound, and has to react to and interact

with the current geographical, social and time-based context issues
(school system, societal needs, state of computing as discipline,
infrastructure, and so forth), as well as pervading technological
developments. It therefore makes more sense to conceptualise an
approach not as an endpoint of the current scientific debate, but as
an instantiation of a tradition - and hopefully as actualisation and
refinement of such a tradition, too.

Secondly, computing education is on the move, as well as the
discipline itself. It probably makes more sense thus to conceptualise
a pedagogical approach to K-12 computing education somewhat
more narrowly to be focused on some subset or view or tradition
of the discipline. That is, it seems to be reasonable not to see K-12
computing education as either to teach problem solving or societal
aspects, but probably to do both while discussing the proportions
and the relationship between different approaches within different
traditions. We believe this could impact how curricula are being
designed.

Future work might draw on the framework to better understand
the differences and commonalties across curricular approaches, or
possibly discover novel ways to combine aspects from different
traditions in order to develop new curricular approaches.

6.1 Towards a ‘traditions framework’
We thus tentatively propose this framework for K-12 computing
education as a tool that researchers and others can use to position
their work. Each of the four traditions stems from different values
and beliefs that an individual might hold. In the literature review
conducted to answer RQ1, we noted that papers would often be
coded against more than one curriculum approach and/or rationale.
This indicates that hardly any of us will be driven by just one of
these traditions, but by a combination, to a greater or lesser extent.

The framework can be used to give researchers a shared language
around the values and beliefs that underpin their work in K-12
computing education research.

6.1.1 The algorithmic tradition. A researcher whose values align
to the algorithmic tradition might positively respond to these state-
ments:

• K-12 Computing education should focus primarily on devel-
oping students’ ability to think algorithmically.

• Understanding algorithms and computational processes is
more important than understanding the data those algo-
rithms manipulate.

• Learning to program is essential because it teaches the fun-
damental principles of computation.

• Computing should be taught as a discipline that emphasizes
problem-solving using algorithmic techniques.

• The most important aspect of K-12 computing education is
teaching students how to write efficient and effective algo-
rithms.

6.1.2 The scientific tradition. A researcher whose values align to
the scientific tradition might positively respond to these statements:

• Using computational models and simulations is essential for
understanding complex systems and phenomena.
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Table 11: Four traditions in K-12 computing education.

Tradition Algorithmic Problem-
Solving

Scientific Design and Making Societal

Aspect

View of computing as a
discipline

A formal practice that fo-
cuses on algorithms, com-
putation, and transforming
information.

A method of scientific in-
quiry aimed at understand-
ing the world.

An engineering science
emphasizing the design
and construction of arte-
facts within constraints.

A social practice shaped by
its community, producing
tools that embody and in-
fluence societal values.

Why it is important Highlights the unique
ways of thinking and
problem-solving inherent
to the field.

Emphasizes learning about
the natural and artificial
world through computa-
tional approaches.

Stresses the significance
of implementing computa-
tional solutionswithin real-
world artefacts.

Demonstrates the need to
reflect on the social context
and moral implications of
computing.

How it shapes comput-
ing education

Encourages teaching
abstract concepts and
context-independent
thinking.

Promotes modelling, simu-
lation, and computational
tools for inquiry.

Anchors projects in learn-
ers’ creativity, interests,
and collaboration to solve
complex problems.

Inspires learners to exam-
ine the interplay of com-
puting and society while
fostering a sense of respon-
sibility.

• The primary goal of K-12 computing education should be
to enable students to use computational tools for scientific
inquiry.

• K-12 Computing education should integrate scientific meth-
ods such as hypothesis testing, data collection, and analysis.

• Computing should be seen as a means to understand and
explore the world, both natural and artificial.

• Learning computing is valuable because it teaches how to
think critically and analytically like a scientist.

6.1.3 The design-making tradition. A researcherwhose values align
to the design-making tradition might positively respond to these
statements:

• The process of making and sharing digital artefacts is more
valuable than the final product itself.

• Students learn best when they are actively engaged in de-
signing and creating digital or physical artefacts.

• Learners should be empowered to see themselves as design-
ers and innovators in computing.

• Building personally meaningful projects is the best way to
learn computational concepts.

• K-12 Computing education should focus on creativity, col-
laboration, and real-world problem-solving.

6.1.4 The societal tradition. A researcher whose values align to
the societal tradition might positively respond to these statements:

• It is important for students to understand that computing is
not a neutral discipline but is value-laden.

• K-12 Computing education should emphasise the social and
ethical implications of technology.

• K-12 Computing education should foster a sense of respon-
sibility towards individuals, societies, and humanity.

• Students must learn how computing systems are shaped by
societal values and power dynamics.

• A critical aspect of learning computing is understanding its
impact on equity, justice, and social good.

How the four traditions might be implemented in the curriculum
is shown in Table 12.

6.2 How a traditions framework might be used
Developing a framework for values and beliefs underpinning K-12
computing education research provides a common vocabulary and
starting point to support the K-12 computing education commu-
nity to review teaching activities, teacher training work, curricula,
research studies, and computer science education policy. It can
establish the philosophy that we—as K-12 computing education
researchers—do not necessarily have to have the same values and
beliefs underpinning our research. Framing different research en-
deavours more explicitly in relation to their primary educational
tradition may be beneficial for future discourse in the K-12 comput-
ing education research community.

To illustrate the framework, we present five use cases for K-12
computing education stakeholders, namely for teachers, teacher
trainers, resource developers, computing and associated curriculum
designers, researchers and policymakers.

Researchers - to reflect on personal philosophy and positionality,
develop a research study statement and to support peer review. Re-
searchers can use the framework to reflect upon their personal
philosophy and the context of the studies they are developing. Stud-
ies may also be constrained or influenced by funder requirements,
the cultural context, political trends, and the institutional backdrop.
An aim could be for the research team to collaboratively develop
a statement describing the traditions and rationale for their study.
Such a statement could be a useful component in funding bids, and
a summary could be included in academic output. Such a summary
could become a standardised item in the aim of the study descrip-
tion, and could be requested by conference and journal organisers.
Such a narrative would help reviewers to better understand the
motivation for the research as well as decisions made related to
method, and standpoints in the discussion.

251



What We Talk About When We Talk About K-12 Computing Education ITiCSE-WGR 2024, July 8–10, 2024, Milan, Italy

Table 12: Suggestions for the curriculum implementation for the traditions in the framework (drawn from Section 5.2)

Tradition Algorithmic and prob-
lem solving

Scientific Design and Making Societal

Curriculum Question

Towards which goals are
they learning?

develop learners’ cogni-
tive abilities

core scientific competen-
cies and content

design and make to discover social biases
and inequities in existing
technologies

What are they learning? computability, abstrac-
tion, logic, pattern
recognition and decom-
position

modelling, scales and lim-
its, simulation, abstrac-
tion, automation, and in-
terpretation of data

designing and making understand how com-
puting technologies are
shaped by the social
context in which they
are designed

How are they learning? activities to use algorith-
mic design techniques to
constructively compute
the elements of a solution

inquiry-based learning
and simulation-based
pedagogy

design and create digi-
tally or materially embod-
ied artefacts and projects
that are often shared with
others

classroom discussion and
reflection

How is the teacher facili-
tating learning?

lessons may be teacher-
led with activities de-
signed by the teacher

teacher designs activities
which stimulate curiosity,
inquiry and use of tools

with powerful tools and
social settings that culti-
vate imagination, creativ-
ity and play at the same
time

facilitates discussion and
reflection

The statement of tradition and rationale would include elements
as exemplified in Section 6.1. It may be that researchers blend more
than one of the suggested traditions (see Figure 10 in Section 7).

During peer review processes, there is a recognised issue that
reviewers or publication groups may penalise studies that have dif-
ferent theoretical viewpoints to the reviewers [84]. The framework
may also help researchers when they act as peer-reviewers. Re-
viewers could point to the framework as a way to help researchers
describe their tradition and rationale. A characterisation would help
reviewers become aware of any potential clashes between their
personal philosophy and that of academic work they are reviewing.

Educators – to review and plan teaching and learning. In order
to select consistent foundations for their teaching, teachers need
deep insight into the different areas of CS to decide which existing
learning materials meet their expectations and which do not [99].
Teachers and other educators could use the overview of the K-
12 computing education traditions and rationale to learn about
and reflect upon their practice. Schools may choose to develop a
statement about their computing tradition within their computing
teaching and learning policy, for sharing with parents, students,
school inspection and other interested groups.

To reflect on how others have put rationales into practice, teach-
ers or other educators could reflect on the results from the manual
scoping literature review of the most common coded answers to van
den Akker’s curriculum planning questions [117] (see Section 3.3
and Table 5). These exemplars could be used to review, challenge
and inspire educators to change their curriculum approach.

Teacher educators – to review and plan pre-service and in-service
education. Teacher educators can individually consider the frame-
work to reflect upon their positionality. Then, within their education
establishments they might review whether the teacher professional
development curricula covers all the traditions and rationale and
how they are presented and in what order. Some education estab-
lishments may emphasise certain traditions or rationales due to
their historical or cultural contexts, with the important factor being
that this framework enables reflection.

Curriculum designers – to design curricula. Curriculum designers
may have their own perspectives on K-12 computing education and
these are likely to influence what content is included and how it
might be taught [49]. The underpinning views and theory available
to designers are perhaps not agreed or stated [52, 84]. Therefore,
curriculum designers and resource developers can use the frame-
work to reflect upon their personal philosophy and also, as with
researchers and other groups, to develop a shared understanding of
what traditions will underpin the design of curricula and associated
resources. What traditions are selected will, as with other groups,
be constrained or informed by the sociocultural context, political
and educational factors.

Policymakers – to review and create computing policy. Educa-
tion is an essential element of government policy. Yet, it is likely
policymakers will be unfamiliar with CS education. Policymak-
ers will need to form their values, beliefs, and understanding of
the discipline. Therefore, having the description of the traditions
(Section 6.1) will help policymakers to better critically review CS ed-
ucation research and bemore equipped to reflect on K-12 computing
education in general. Hopefully, this will lead them to make more
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informed decisions on how CS can be included in their education
policy. Helping policymakers better understand the CS education
landscape is particularly important now, as in many countries, there
may be no or limited CS provision [120], a lack of trained CS teach-
ers [120], or unclear guidance for school leaders as to whether they
should prioritise CS over other subjects [34].

6.3 Limitations
When organising a large group of researchers on a working group
study, it is important to clearly define core terminology and the
methodology to ensure that all researchers are on the same page
and aware of the processes they should follow and how standards
are maintained across researcher work. Similarly, on a multi-staged
study, common core definitions must be defined and methods de-
scribed to helpmanage the outputs and inputs across the boundaries
of stages.

Core terminology was defined early, agreed upon in working
group meetings, and documented for referral in shared documents
and included in this study paper (Section 1.3). Similarly, methods
were agreed upon early and documented and as processes were
adapted, all working group members were kept informed through
shared documents and regular meetings and updates.

In this working group study, there are three phases, each of which
has a clearly defined method. To evidence that the methods have
been followed, audit trails have been maintained through working
documents in shared folders. Also, researchers have reviewed the
work of their peers on a regular basis to confirm a common shared
understanding and process adherence. There are, as with all studies,
specific limitations, which should be considered by readers to better
understand the generalisation of findings. We highlight here major
limitations and how they have been mitigated to reduce impact.

• A set of six rationales (Section 2.1) and six approaches (Sec-
tion 3.1) were initially defined based on working group con-
sensus discussion; this was required to start the manual
literature review process (Section 3.2). A different working
group composition could select alternative initial rationales
and approaches. Still, the objective of the starter items was
to discover what alternatives would be found through sub-
sequent phases of the study.

• The number of papers manually analysed for RQ1 was lim-
ited by time and the number of researchers available (Sec-
tion 3). The paper analysis was complex and lengthy, with
two searches carried out at two separate stages. It required
a second researcher to check each set of categorisations. To
mitigate the limited number of papers included in the pro-
cess, sampling was purposive for some searches to select
papers representing a variety of rationales and approaches.
Despite this, the analysis revealed varied and overlapping
combinations with limited clear patterns. Therefore, it was
judged that increasing the number of papers reviewed would
have added limited new knowledge on patterns.

• During the NLP analysis of papers for RQ2 (Section 4.2) a
large number of papers were included, but there are limi-
tations related to the use of NLP in paper analysis [76, 82].
Steps were taken within the automated paper analysis to
reduce risks to validity and integrity, including maintaining

an audit trail, discussion and agreement between researchers
on technical choices made and manual intervention stages.
There was also a specific validation of the RAG responses
comparing automatically generated LLM analysis of papers
to manually generated analysis (Section 4.2.4) with a 79.69%
accuracy found.

• For the final development of the traditions to answer RQ3
(Section 5), researchers worked as a group to review the
analysis done and reflect upon conclusions drawn.

• The study’s design with its three phases, and the usage of dif-
ferent methods and tools for each research question, makes it
complex to combine results across the phases. This complex-
ity might lead to difficulties in keeping the overall conclu-
sions consistent and coherent. Methodological differences
between stages could have affected the final synthesis of
results.

7 Conclusion
K-12 computing education research is a rapidly growing and dy-
namic discipline, gathering increased interest as more countries
bring computing into their curriculum. This paper has described a
project conducted by a large ITiCSE working group to investigate
how we can surface and explicate some of the values and beliefs
held by computing education researchers. As part of this research,
we have used both manual methods and NLP to explore and analyse
underpinning rationales, and used curriculum research to investi-
gate how rationales might be implemented in a classroom context.
Importantly, we then drew on theoretical perspectives and disci-
plinary traditions and developed them into educational traditions
for our field, resulting in four traditions of K-12 computing educa-
tion: the algorithmic and problem-solving tradition, the scientific
tradition, the design andmaking tradition, and the societal tradition.
The intention is that researchers, teachers, teacher educators and
policy makers can all use this work to reflect on their own posi-
tionality within this academic field; we hope that we have made
some small steps towards introducing a shared language to assist
in professional discourse about our own and others’ research.

We believe the situation is similar to the situation in chemistry,
where teachers have different curricular emphasis, but often not
only one pure emphasis [119]. Over time, the number of emphases
in chemistry has been significantly reduced, leading to three pri-
mary focuses: ‘fundamental chemistry’, ‘chemistry, technology and
society’, and ‘knowledge development in chemistry’ [119]. To gain
a more abstract understanding of the overarching emphases in K-12
computing education, we examined the discipline-specific tradi-
tions. Initially, we identified three core traditions: traditional, engi-
neering, and scientific. Building on this framework, we expanded
our analysis to include a fourth educational tradition, the societal
tradition, which considers the impact of computing on society and
its ethical implications. These four educational traditions offer a
more nuanced lens for analysing the rationales and approaches in
computer science education.

In summary, in this report we have analysed the debate in K-12
computing education research in terms of implicit and explicit com-
mon understandings. Explicitly, this has been in terms of stated
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Figure 10: Researchers may differ in the traditions that un-
derpin their perspectives on K-12 computing education

reasons for why people should learn computing in K-12, and im-
plicitly, in terms of commonalities in underlying values and beliefs.
Between the four traditions are what we call approaches to K-12 com-
puting education. These approaches can be seen as a living market,
where new approaches are being developed, existing approaches
are being refined, and classic approaches still exist and probably
dominate the market. New approaches are also likely to be blends
of existing ideas. In particular, the prominence of particular ratio-
nales fluctuates over time and varies across different conferences
and sub-communities within computer science education research.
This temporal and contextual variability contributes to the lack of a
clear, overarching pattern. It was therefore not really useful to make
clean distinctions between approaches, for example, by attempting
to assign rationales exclusively to particular approaches. There is
much overlap and, of course, different advocates in the debate may
have different views on the same approach.

7.1 Further Work
K-12 computing education researchers may draw on one or more
of the traditions in their work, to a greater or lesser extent. One
tradition may be dominant for them, and some less so, as shown
in Figure 10. Their values may also change over time. However,
this paper highlights the lack of a common language to support
dialogues about the nature of the field. We propose that K-12 com-
puting education researchers might welcome a tool that help them
reflect on some of the statements in Section 6.1. As an example,
the working group devised a sample quiz4, at this point offered
quite lightheartedly, to illustrate a potential way of considering
one’s influences and values relating to K-12 computing education
in school. Further work would involve surveying and interviewing
researchers as to their perspectives on K-12 computing education,
and their views with respect to the four traditions, which may
highlight whether a tool would be worth further exploration.

We have drawn on the expertise of the working group and anal-
ysed a snapshot of existing literature from the last ten years to
address the difficult questions we posed ourselves; in further work
4https://form.jotform.com/242535028788263

we would like to broaden the discussion to include many other
perspectives and a wider body of literature, which will result in
a deepening of our analysis. We are aware that the ‘we’ in ‘what
we talk about when we talk about K-12 computing education’ is
limited to the computing education research community, and we
could extend the discussion to others, including science education
researchers, the maker community, general education, early child-
hood researchers, etc. We, and other researchers following on from
this project, could also look at implemented curricula around the
world and engage with practising educators, thus extending the
analysis beyond published research.
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