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ABSTRACT
Computing education (CE), the scientific foundation of the teaching
and learning of subject matter specific to computing, has matured
into a field with its own research journals and conferences as well
as graduate programmes. Yet, and unlike other mature subfields
of computer science (CS), it is rarely taught as part of undergrad-
uate CS programmes. In this report, we present a gap analysis
resulting from semi-structured interviews with various types of
stakeholders and derive a set of arguments for teaching CE courses
in undergraduate CS programmes. This analysis and the arguments
highlight a number of opportunities for the discipline of CS at large,
in academia, in industry, and in school education, that would be
opened up with undergraduate CE courses, as well as potential
barriers to implementation that will need to be overcome. We also
report on the results of a Delphi process performed to elicit top-
ics for such a course with various audiences in mind. The Delphi
process yielded 19 high-level categories that encompass the subject
matter CE courses should incorporate, tailored to the specific needs
of their intended student audiences. This outcome underscores the
extensive range of content that can be integrated into a comprehen-
sive CE programme. Based on these two stakeholder interactions as
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well as a systematic literature review aiming to explore the current
practices in teaching CE to undergraduate students, we develop two
prototypical outlines of such a course, keeping in mind that depart-
ments may have different preferences and affordances resulting in
different kinds of CE offerings. Overall, input from external stake-
holders underscores the clear significance of undergraduate CE
courses. We anticipate leveraging this valuable feedback to actively
promote these courses on a broader scale.

CCS CONCEPTS
• Social and professional topics → Model curricula.
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1 INTRODUCTION
Back in 1989, Computing as a Discipline [35] defined the curricular
embedding of computer science (CS) by addressing three charges:
(1) Providing a definitional description of CS as a research field
on its own, (2) Devising a teaching paradigm for CS aligned with
standards and quality criteria in other established fields, and (3) Out-
lining how CS could be taught in undergraduate education. Over
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the past decades, the structured discussion about what should be
taught to undergraduate students has evolved from the exemplars
set forth in Denning et al.’s report, as witnessed by research publica-
tions and curricular recommendations such as the ACM Computing
Curricula [101]. At the same time, the teaching of CS has begun
to change from a focus on self-selected students to much broader
and more diverse student populations, culminating in initiatives
working towards CS being taught to everyone in school [17, 117].

This working group set out to study Computing Education (CE),
the scientific foundations of the teaching and learning of subject
matter specific to computing, under a very similar overarching ques-
tion: Has CE become a field that can be adopted in undergraduate
CS programmes? [28] Considering the analysis of Denning et al.,
the first charge has been responded to affirmatively: In his doctoral
dissertation, Simon [108] applied Fensham’s set of criteria [42] to
analyze the field of CE; the outcome of this analysis was that all
structural and content-related criteria but one (the existence of a
professional association with an exclusive focus on CE) are fulfilled
and that, thus, CE can be considered a discipline of its own. This
working group report intends to take the first steps towards address-
ing the remaining two charges along with assembling supporting
motivation for the implementation and further development of CE
courses in undergraduate CS programmes.

Besides the above perspective concerning CE’s maturity as a
discipline, additional motivations for planning a course in this
field at undergraduate level arise from the potential benefits that
could be envisaged on the part of the students and of society more
broadly. On the one hand, reflection on the teaching and learning
processes brings metacognition into play. Based on the compelling
evidence reviewed in Bransford et al.’s monograph [10], the practice
of metacognitive thinking can lead to improved understanding in
several contexts as well as enable knowledge and skill transfer to
new settings, hence enhancing students’ achievements and ability
to learn autonomously. Metacognition is in fact a peculiar trait
exhibited by experts when monitoring their approach to problem
solving. “In short, students need to develop the ability to teach
themselves” [10, p. 50]. On the other hand, by being exposed to
CE content and practices earlier, students in a computing track
would have a chance to consider teaching- and education-related
professions as real career opportunities, a prospect that is currently
still rather uncommon in most CS departments. Robertson notes
the invisibility of such career options as a particular issue in her
work on CS teacher shortages [99]. This should be expected to
have positive repercussions in the medium term on the quality of
computing instruction at all levels. Moreover, the clarity and efficacy
of communication could be improved in all social and professional
circumstances where scientific and technical insights pertaining to
the computing area are to be conveyed.

Let us now come back to the major aims of this report by stating
the research questions it is meant to address:

RQ1: What are arguments in support of introducing CE in under-
graduate CS programmes?

RQ2: What are topics that different stakeholders, including, but not
limited to, instructors, researchers, and employers consider
both important and fitting for an undergraduate audience?

RQ3: What are current practices1 in teaching CE to undergraduate
audiences?

On a surface level, the answers to the above questions may
appear to be readily available. For example, one might think that
comprehensive overviews such as the recent Cambridge Handbook
of Computing Education Research [43] and Past, Present and Future
of Computing Education Research: A Global Perspective [6] would
lend themselves directly to the design of a course on this topic,
thus answering RQ2. The handbook [43], however, represents the
current state-of-the-art of a research field and, thus, might be suited
for graduate students and researchers who wish to deep-dive into
particular aspects of this field. For an undergraduate audience, on
the other hand, such a handbook is much less suited; in fact, this
is precisely what we can see in other fields, e.g., in Computational
Geometry, where textbooks [33] and handbooks [47] co-exist and
fulfill different purposes. Similarly, several arguments based on
first principles come to mind; while we will outline them below,
we strive to obtain stronger and more meaningful arguments by
empirically deriving them through interactions with stakeholders.

Another important analogy, preparing K-12 teachers, comes to
mind as well. Many countries have a well-established tradition
of formally training K-12 CS teachers as can be witnessed by the
existence of dedicated researchers’ and practitioners’ conferences,
reference handbooks [48, 103], and textbooks [52, 55] in this area.
In countries, such as Israel and Germany, that have mandatory
teacher training programmes [46, 62], such textbooks, if used, rep-
resent consensus among a broad set of stakeholders. By design,
however, such textbooks and courses are tailored towards a very
clearly defined audience: prospective K-12 teachers, possibly even
differentiated further by the age group these teachers are supposed
to teach, see, e.g., [38]. The intended audience for CE courses as en-
visioned by this working group, however, is not only more diverse
in terms of where they might apply the concepts, skills, and compe-
tences taught, but — depending on the educational context — might
have a different set of skills and competences they bring to this
course: on the one hand, students in a teacher training programme
usually take classes on general educational topics, including learn-
ing theories, so standard textbooks such as, e.g., [52], do not need
to discuss such matters. On the other hand, the time allocated to
these general classes cannot be used for more in-depth subject-
matter courses in CS and this has implications for the assumptions
about the depth of subject-matter knowledge. As a consequence,
this working group agreed that research output and informal re-
sources regarding teacher training programmes should not be the
main focus of our studies. Instead, exemplars of course descriptions
as well as the above-mentioned textbook should be consulted for
comparison, i.e., to establish a baseline and to investigate whether
synergies between long-standing programmes in teacher training
and the envisioned CE courses could be identified.

In the attempt to provide a convincing answer to our above
research questions, it may also be worth referring to Clements’s
Research-based Curriculum Framework [19]. Starting from a cri-
tique of the non-univocal uses of the term “research-based” in
connection with the curriculum development process, Clements

1For the purposes of this study, practices specifically pertain to the structural aspects
and content of courses and not to their pedagogical subtleties and implementation.
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identifies ten desirable phases organised into three categories. The
first category is about the a priori foundations relative to the sub-
ject matter (phase 1), more general aims (phase 2) and pedagogical
knowledge (phase 3). The second category concerns the curricular
structure according to some learning model (phase 4). Finally, the
last category is about evaluation: “market” research (phase 5) as
well as formative and summative research at different scale levels
(phases 6-10).

By thinking in terms of this framework, the a priori foundations
(phases 1–3) are expected to result from the three main tracks of
analysis introduced below in sect. 1.3 and detailed in sects. 2.2,
2.3 and 2.4. The discussion within the working group will then
provide insight into possible course structures in connection with
learning models (phase 4). Finally, the first evaluation step (phase 5)
should be at least partly covered by the outcome of the interviews
as planned in sect. 2.2 as well as by the first round of the Delphi
process introduced in sect. 2.4. As to the research-based evaluation
phases 6–10, this endeavour cannot of course be undertaken by this
working group and then is left as a future work perspective.

More generally, as observed by Coşkun Yaşar and Aslan in their
review of curriculum theories [20], we have to be aware that any
curriculum definition incorporates some socio-political perspective
about the role and goals of education. In particular, while trying
to coalesce some differences in terminology, Coşkun Yaşar and
Aslan identify four main content-driven approaches to curriculum
development (plus one focusing on the functioning of the develop-
ment process itself): learner-centered, society-centered, knowledge-
centered, managerial/social efficiency-oriented — the latter being
focused on the assessment of observable behaviours. In this respect,
since the main motivations underlying our present proposal rest
on the “gap analysis” outlined in Section 1.2, we would aspire to
reach a balance between the first three orientations, perhaps by
prioritising some “society-centered” perspectives.

As far as the curriculum development process is concerned, a
few scholars suggest interpreting it as an outcome of given power
patterns, so emphasising a political/economic dimension — see e.g.
Lau’s review [65]. In light of the models considered in Lau’s essay,
an interesting and comprehensive analysis lens is represented by
the actor-network theory, developed in the 80s by Callon and Latour
in an attempt to understand social and technical change ([15], [64])
in terms of relationships and interactions between heterogeneous
agents. In this context, “non-human agents, such as machines, texts
and money [...] are equally as significant as human agents” [65,
p. 40]. According to Carroll [16], this perspective can also help
“to understand why specific curriculum changes are successful or
unsuccessful, and how we can go about initiating the process of
change in rational and sensitive ways” [16, p. 247]. Although it
was not a deliberate decision, retrospectively we could also make
sense of the process implied by our approach to curriculum devel-
opment and implementation within an actor-network framework.
Not only can this very report be seen as one of the non-human
actants playing a role in the network (we hope, of course, it will be
influential for future interventions), but the “stakeholders” involved
in our research may somehow prefigure a complex relational net-
work of mutually influencing actors shaping and supporting the
introduction of CE courses in undergraduates programmes.

1.1 Early Steps Along the Road to CE
Instruction

Since our literature review is restricted to the years between 2010
and 2023 (see sect. 2.4), we start with a short, non-exhaustive sum-
mary of past evolution(s) of CE instruction. We structure this early
work using the four emerging themes identified by Tedre et al. in
their overview of the changing nature of computing education [116],
according to which CE is variously seen as (1) training about tech-
nology, (2) training for software development, (3) a field of academic
recognition, or (4) education for computational problem-solving.
According to the authors, “[e]ach theme has played a role through-
out the history of modern computing, but their relative emphases
have changed over the years.”

Among the earliest initiatives to introduce CE as a learning sub-
ject, we can mention the efforts described by Moulton and Mour-
sund [79] and Poirot [86], the latter author having been partic-
ularly influential in the first attempts to devise teacher training
programmes. In accordance with Tedre et al.’s “training about tech-
nology” perspective, Moulton and Moursund saw the “field of com-
puters in instruction” as “divided into teaching about computers and
teaching using computers.”

Poirot, on the other hand, while anticipating a growing individual
and societal impact of computers, outlined a Computers in Educa-
tion course, intended for secondary teacher education, covering the
subject matter to be taught, the related motivations, the pursued
objectives and potential teaching strategies. Then, in the mid 80s
Taylor and Poirot [114] re-designed the course structure by sub-
mitting a survey to expert CS educators in order to identify major
computing topics to cover in a curriculum for prospective secondary
teachers. More generally, several of the earliest attempts to devise
the role of computing in pre-college instruction mostly focused on
training in-service or pre-service teachers about how to profitably
use computers in K–12 education — see for instance [53, 56, 80] —
or were centered on how to select the basic disciplinary content to
convey, e.g. [44].

Regarding the “training for software development” perspective,
we refer to Tomayko’s review [118] since in that case, the topic
is how to train software engineers, not how to prepare educators.
However, more recent work has started to think more broadly about
software engineering education and skills (encompassing “software
carpentry” and “codemanship”) [25, 26], for example major national
skills initiatives such as the UK’s Institute of Coding [31], as well
as in the wider framing of sustainability [124, 125].

When taking a “field of academic recognition” perspective, re-
search in CE gains particular relevance. In this respect, Berglund
et al. [9] report on issues concerning the design and organisation
of a course on CE research with a methodological focus; their fo-
cus, however, is on a doctoral context, which is not a target of our
present work. On the other hand, experiences of teaching this field
of study to undergraduates are still scarce. In a column for ACM
Inroads, Kaczmarczyk [58] listed five potential benefits:

• “[I]ntroducing students [. . . ] to rigorous qualitative research”
helps them develop the worthwhile “ability to listen, observe,
and analyze other perspectives thoughtfully yet methodi-
cally.”
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• For those students who are not going to attend graduate
programs, this may be the only “opportunity to showcase
the value of CS Ed Research” — a potentially inspiring value
in a range of possible contexts of their future careers.

• The experience for “those who attend graduate programs”
will be enriched “because they will have conducted research
[. . . ] in their field”.

• “CS graduate school attendees might become interested in
conducting further CE research,” that would be valuable for
our community.

• “[S]tudents who eventually embark upon an academic career
in CS, regardless of research specialty, may well bring with
them a respect for CS Ed Research and for teaching they
otherwise, as experience has often shown, might not have
developed.”

As to the “education for computational problem-solving” perspec-
tive, the Israeli research-led, comprehensive approach to teacher ed-
ucation [45] is the earliest carefully designed such programme, and
is well-documented in literature and books such as the “Methods
of Teaching CS in the High School” course, presented more exten-
sively in [63, 93]. This focus on computational problem-solving has
emerged more recently as the primary purpose of K–12 education,
often referred to as teaching Computational Thinking.

As an aside, based on the systematic literature review of Mirza
et al. [78], the first proposal of a structured training programme
for undergraduate teaching assistants was proposed back in the
1980s [94]. While this technically is an education-related course for
undergraduate students, the authors mostly restricted themselves
to organisational issues and do not address the specific content
conveyed by the programme. We shall return to such courses as
part of our literature review (see sect. 3.3),

We can finally mention Bell and Lambert’s experience [8] as a
possible model for the kinds of courses addressed to undergraduates
we have in mind here. Their course, indeed, was not meant to
qualify students for teaching, but to give “a taste of teaching and
[. . . ] to explore issues in CE, including the very education [students]
are receiving.” The general aims of Bell and Lambert’s proposal
include being able to create educational resources, contributing to
mentoring activities while working in a variety of organisations,
and developing knowledge about and possibly interest in careers
as teachers, professors or researchers in CE.

1.2 Gap Analysis
As mentioned in the above subsection, CE has reached the stage of
a mature discipline [108]. It is thus reasonable to ask whether CE
should be taught on a regular basis and, if so, to which audience.
While these questions could be asked with respect to any mature
discipline, we will argue below that there is a particular urgent
need to close the gap that arises from currently not teaching CE
to an undergraduate audience. We focus on these issues first from
a position of schools and academia, then turn to industry needs,
and conclude by outlining the need for a full ecosystem around the
teaching and learning of CE.

1.2.1 School needs. The most obvious direct issue for CE is the
availability of suitably qualified teachers for the burgeoning school
CS provision.While this is not a problem in all countries, it certainly

affects many. Both the UK and the US, for example, have significant
shortages and recruitment is not easy, see, e.g., [22, 113]. Most CS
graduates go into industry careers; CS teacher training in both coun-
tries is being delivered often by teachers who have no significant
prior CE experience [34]. Instead, they receive a crash course in
programming and other CS material that may last just a few weeks;
or else they may have studied a little computing in the past. While it
is commendable that such teachers are attempting to fill the breach
and while a recent study has shown that trade-offs are possible [12],
it is hard to imagine other established subjects, like mathematics or
physics, accepting student teachers with such limited disciplinary
backgrounds. Disciplinary expertise comes with years of practice
and the lack of subject matter knowledge has been identified by
teachers as one of the main obstacles to effective teaching [104].

A national school system will need leadership in discipline-
specific education at many levels. All of the following roles will be
more effective if staffed by those with expertise in CE: government-
level staff leading curriculum planning, design and oversight pro-
cesses; national teacher professional development agencies; the
officers of sub-national administrative areas, such as local authori-
ties or local school boards, to coordinate, lead and strengthen local
teacher communities; and finally, the staff of companies producing
CE resources for the education sector. Staff in all these positions, for
long-standing school subjects, will have had school experience and
hence have at least some understanding of the subject. As research
has shown the strong indirect effects of leadership on students’
learning [51], CS in schools will benefit from leadership personnel
with experience in CS and CE.

1.2.2 Academia needs. Academia, the established seat of CE prac-
tice, is faced with different challenges. First of all, in contrast to
Shulman’s emphasis on the equal importance of content knowledge,
pedagogical knowledge, and pedagogical content knowledge [105],
anecdotal evidence suggests that hiring decisions are often made
based on an overemphasis on either content knowledge or ped-
agogical (content) knowledge. As Archibald and Feldman point
out, however, there is an immense benefit if those who teach also
engage in research, in particular, if this results in undergraduate
or graduate research projects [3, Ch. 8]. Given the high workload
imposed on those teaching first-year courses, it seems a natural
choice to conduct CE research in these settings. With the pres-
ence of undergraduate CE courses, a two-fold advantage would
be observable. First, instructors, especially at undergraduate-only
institutions, would be able to recruit trained research assistants
and, second, as pointed out by Kaczmarczyk [58] and noted above,
undergraduate students would be able to conscientiously choose
graduate studies in CE and eventually enter a teaching or CE re-
search career well-prepared and with a clearer picture of such a
careers’ specifics.

1.2.3 Industry needs. While the obvious need for those knowledge-
able and interested in both CS and education is in the school sector,
students destined for the software industry will also benefit from
some understanding of education in the discipline.

To beginwith, IT professionals are always learning [37].Whether
picking up new languages and systems or working in new problem
domains, quickly learning complex topics is required. Highly suc-
cessful industry professionals move jobs on a regular basis. This
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requires highly-developed learning skills, to accommodate new
problems or computing domains – but this is not always made
explicit. Undergraduate programmes vary in how well they pre-
pare students for this: for example, the more languages they are
exposed to, the better; the more new topic areas they must develop
software in, the faster they will pick up and be productive in a
new problem domain. A successful programme teaches students
how to learn, however much of this is part of the so-called hidden
curriculum (where “hidden” stands for “not explicitly intended,”
see e.g. [123]). This essential skill will be surfaced in the course
frameworks outlined in section 4.

Once students progress in industry to become team leaders, they
will need to coach and mentor their team members in order to get
the most out of them. Teammembers themselves will often be asked
to support and work with new staff [111]. Coaching and mentoring
skills can be part of a CE course, but also CE research methods and
methods in empirical software engineering overlap [84].

Both students and engineers learn a lot using informal learning
resources [37]. In addition to taking courses, they browse docu-
mentation, blogs, tutorials, videos, etc. [111]. Some of the materials
are pedagogically great, others bad. The lack of a great tutorial can
drive someone to select a different technology just because they
cannot get started. Adoption of new technologies is about making
them understandable and easy to adopt: this justifies why creators
of new technologies should know the basics of CE and pedagogy.

1.2.4 Developing a full ecosystem. CE as a crucial topic within
the wider computing world is coming of age. When we educated
a relatively tiny proportion of engineers and scientists who self-
selected into university-level programmes, the lack of status for the
topic was perhaps understandable; now that computing is becoming
part of mandatory school curricula worldwide, the study of how
we teach the subject is of national importance. With international
conferences and respected journals, and an increasing capacity for
training PhD students in the field, and some research funding, we
are piecing together the kind of ecosystem that other CS topic areas
already have. Crucially, however, we do not have a presence in the
undergraduate CS curriculum, and so CS students are not aware
of CE as a topic of interest. Furthermore, the relatively few who
do enter Masters and PhD programmes have to start their learning
about CE, and education, from scratch. Finally, those who graduate
and take up roles in academia may be seen as teaching faculty or
generalists, rather than specialists with a strong research area, both
to teach and to continue investigating.

Periodically, new topics appear and there are challenging times
as they are recognised as valid subjects of study within the wider
discipline. HCI, for instance, has travelled this rocky road and is
now largely accepted, although there are purists who would argue
against it. We anticipate similar challenges for CE, and so will need
to develop strong arguments for its inclusion.

Indeed, advocacy for CE generally is sorely needed across society.
CE researchers have often been asked why specific pedagogical
research is needed for computing. Such questions are not asked of
mathematics, by comparison. Of course, our discipline is so little
understood generally and its education has not been experienced
by the vast majority of the population, so it is a valid question for

them. This further underlines the case for bringing forward more
potential advocates for CE.

1.3 Objectives Implied by the Research
Questions

At the beginning of this introduction, we stated three research
questions which, collectively, aim at a better understanding of
three key issues: (1) Arguments for undergraduate CE education,
(2) Curriculum content, and (3) Underpinning on known practices.
In light of the contextualization in previous endeavours (sect. 1.1)
as well as reflecting the motives outlined in sect. 1.2, we are now in
a position to elaborate on the working groups’ approach to address
these research questions.

Arguments for undergraduate CE courses (RQ 1). We know that the
undergraduate curriculum is crowded and that departmental battles
rage about what to include. We intend to work both within and be-
yond the working group to develop and test arguments to persuade
departmental committees that CE should have at least some footing
within the undergraduate curriculum. A multi-national team like
ours should indeed be able to take into account the highly situated
nature of education: an argument fit for German academia may not
work in Italian institutions, for example.

Curriculum content (RQ 2). There are many issues and alternatives
to work through in considering curriculum outlines: does the cur-
riculum principally concern best CE practices, or research frontiers,
or both; what are the key topics and what material is (also) relevant
in industry? In order to develop meaningful course outlines, a range
of potential topic areas should be identified and coalesced into the
ones that are most popular among stakeholders.

Underpinning on known practices (RQ 3). While we are not aware of
CE courses in typical undergraduate curricula in many institutions,
we do know of tutor/TA training courses with significant CE re-
search underpinnings, as well as Masters and PhD level preparation,
and also of teacher training programmes with strong CE input. It
is then worth trying to expand as much as possible the range of
sources from which to draw on existing expertise.

1.4 Outline of the Report
The remainder of this working group report is structured along our
three research questions and the corresponding objectives. Section 2
presents the three different methodologies employed for addressing
our research questions: Semi-structured interviews with different
types of stakeholders for eliciting arguments for CE courses (RQ 1),
a Delphi process with different types of stakeholders for converging
on a set of relevant topics for such courses (RQ 2), and a systematic
literature review for identifying practices in designing CE courses
(RQ 3). Section 3 then presents the results for each of the three
research questions.

To showcase our findings and illustrate how a CE course might
be designed as either a stand-alone course or as a course embedded
into an already existing course, we present two proof-of-concept
exemplars for CE courses in sect. 4: Section 4.1 summarizes our
findings regarding how a training course for teaching assistants
(TAs)might look, and sect. 4.2 presents how a course on professional
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soft skills might be augmented to also address CE content relevant
to a career in industry.

We summarize our work in sect. 5, connecting our findings
back to the research questions and outlining next steps to turn
our research into actionable advice for motivating, designing, and
ultimately implementing CE courses in undergraduate education.

2 METHODOLOGY
The aim of the working group is to advocate the adoption of CE in
undergraduate CS (CS) programmes. Such adoption requires both
arguments sufficient to persuade our departmental colleagues and
our education committees, and also curricular outlines to assist our
colleagues in delivery. The goal of the group is to develop examples
of both arguments and curricular outlines.

2.1 Operationalizing Our Research Questions
To achieve the aims of our study, we operationalized our research
questions (see Section 1) as follows:

• Perform and analyze interviews to elicit how different CS
stakeholders advocate for the importance of CE courses in
undergraduate CS programmes (RQ 1).

• Initiate a Delphi process to understand possibly different
perspectives on what the topics in CE are that stakehold-
ers consider important and fitting for a CS undergraduate
audience (RQ 2).

• Run a literature review and explore other less formal sources
to gauge what practices are reported formally and informally
related to undergraduate CE courses (RQ 3).

In consequence, our study considers three tracks that run si-
multaneously. The aims of each of these lines of investigation are
described below along with the corresponding methods employed.

2.2 Arguments for CS Education Courses –
Semi-structured Interviews

The aim of this track was to develop arguments that would be effec-
tive in persuading university CS departments to adopt CS education
courses or material into their undergraduate curricula, and four of
the working group members were involved. The broad approach
was to draft some initial arguments and use these as the basis for a
discussion with a number of interviewees drawn from academia,
external education-related organisations and industry. Academics
were necessary for their knowledge of academic processes and pol-
icy; the other groups provided a validation of the arguments we
had drafted that concerned their (not our) spheres of expertise. The
stages of our process were as follows.

2.2.1 Draft arguments. We constructed a set of arguments based
on our motivations for this work as outlined in the Introduction
(Section 1.2). As a group of practising academics, we had strong con-
fidence in the arguments that relate to academia, such as TAs/tutors,
new academics, PhD students considering academia, CS learners
generally, and the larger CS education academic ecosystem. Our
confidence derived from our own experience/contexts and so the
appropriateness of these arguments in other kinds of academic
contexts needed to be checked. We also speculated that our pro-
posed course material would be valuable for non-university teaching

contexts, such as schools, and industry. We recognised that these
contexts were beyond our specific expertise and that the associated
arguments would need a level of validation. The arguments were
summarised on a single sheet of paper for participant interview
preparation and are listed below. The draft arguments used in the
interviews were organised into seven primary categories, distin-
guishing between targeted learners, and ordered such that those
we thought to be most persuasive to a general academic audience
or leadership team came first. Each category included additional
detail, in the format shown below. This argument list provided a
basis for the discussion, but interviewees were free to bring up
topics outside the list.

(1) TAs/TUTORS: Improve our own TA/tutor body through in-
depth education and training.
• Influences our overall education provision: retention, rep-
utation, employability, etc.

• Includes informal interactions between students who en-
joy helping one another.

• Course participants can create educational resources for
use locally or beyond.

(2) SOFTWARE ENGINEERS: Better prepare prospective soft-
ware engineers, who will be involved in a range of formal /
informal learning and teaching activities.
• Software engineering is constant learning: new systems,
APIs, problem domains.

• Creating instructional videos and documentation for web
consumption.

• Stack Overflow and help desk responding.
• Coaching / mentoring as team lead/member; currently
picked up more/less on the fly.

• Science communication skills generally - sharing technical
issues to diverse audiences.

(3) ALL LEARNERS: Engage with topics relevant to the practice
of learning CS.
• Encourages independent and self-regulated learners
• Enhances their enjoyment of CS study, and that of their
teachers.

• Prepares students to describe what is at the heart of our
subject, to improve how we are viewed societally – good
teachers must be aware of this, and much is lost by our
specialised, fragmented courses.

• Awareness of rigorous qualitative research develops the
valuable ability to consider and analyse other perspectives
with care.

(4) ACADEMICS: Provide subject-specific education skills for
incoming or current academics.
• A driver for improved student experience and retention –
influencing enjoyment, depth of learning, assessment and
feedback practices.

• Add to PgCert courses in academic practice for new staff;
these are often very general.

• Bring latest CE findings from conferences or literature
into the school/department.

• Could be of interest to academics outside CS who are
tasked to teach digital skills, Computational Thinking,
programming.
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(5) PhD STUDENTS: Prepare incoming PhD students for teach-
ing activities in PhD studies.
• Students get some research experience at the undergradu-
ate (UG) level and then, going on to PhD, they’re expected
to be both researchers and often teachers as well – as tu-
tors/TAs. Better then if they came in with both research
and teaching background.

• Such students may be interested in contributing to CE
research activities.

(6) FUTURE EDUCATORS: Address chronic shortfall in folk
knowledgeable in CS and education
• Encourage folk early on to realise that this is a viable
career path, as otherwise industry can easily be seen as
the only option.

• Teachers and education leaders for the school system.
• Currently little deep CS understanding absorbed in schools.
Hence prospective great teachers need significant university-
level CE, giving a broad subject perspective – but must be
alerted to teaching as an option.

• Effective for post-first-degree teacher education systems.
[Note however, not effective for 4/5 year combined bache-
lors and masters education programmes.]

• CS-oriented educational technology specialists.
• Researchers and academics.

(7) ECOSYSTEM: Place CE as a mainstream topic, like systems,
AI, HCI, etc.
• In an ecosystem, there is funding, PhD training, academic
positions - and UG specialist courses so that students can
find out about the topic.

• Research students for UG, Masters and PhD projects in CE
will have topic-specific prior knowledge, currently lacking
for such students.

• Researching CE academics will have specialist courses
rather than being consigned to teaching only generalist
courses, or courses quite outside their field.

• CE outputs can be REF-able (a UK-based argument!) – but
more broadly, it is crucial to emphasise that CE research
is “real” research.

2.2.2 Participants. Our participants represent a convenience sam-
ple of those within our networks fitting the requirements of our
argument evaluation and hence drawn from academia, industry and
the pre-tertiary education world. They were recruited via personal
email invitation. The roles and backgrounds of the participants who
accepted are given below in the Table 5.

2.2.3 Interview Protocol. We devised an interview protocol as fol-
lows. Interviews involved one author and one participant, except
for one case where there were two participants and one case where
there were two authors. Prior to an interview, we sent the partic-
ipant an information sheet, a consent form, and the summarised
arguments. The information sheet outlined our principles and ap-
proach to data collection including informed consent, safe storage
of data and anonymity. The interview followed a semi-structured
format: the participant was first asked to give consent to the study,
and then asked about their career background justifying their in-
clusion in the process; the interviewer then took the participant
through each argument on the sheet, drawing out their views on it.

The order in which the arguments were considered varied accord-
ing to the participant’s background. For example, the arguments
around industry and software engineers were considered first by
the industry participants. All interviews were carried out using
Zoom with recording and transcript generation enabled. The whole
approach was submitted to the University of Glasgow College of
Science and Engineering Ethics Panel for approval, which was duly
obtained.

2.2.4 Transcript analysis. Initially, the transcripts were tidied to re-
move extraneous speech parts, combining sequential statements by
the same speaker and correcting errors in the automatic transcrip-
tion with reference to the audio recording. Following the typical
steps of an inductive thematic analysis [21], the four members
of the interviewing team carried out an open coding process on
the interview transcripts from the interviews they had conducted,
identifying codes and selecting related quotes. Each transcript was
read by at least two members of the team. In discussion, the team
reviewed each other’s codes and merged codes as appropriate. We
then undertook axial coding in order to come up with themes and
corresponding quotes which we collated in groups broadly corre-
sponding to the argument categories. These are presented in the
Results section (3.1). Following the guidelines presented by Mc-
Donald et al. [73], we did not carry out a statistical test of rater
reliability, since we resolved differences and reached agreement in
our coding through direct conversation, given all transcripts were
read by more than one researcher.

2.3 Content for CS Education Courses – A
Delphi Study

For this part of the study, we employed the Delphi method; the
aim was to investigate informed CS stakeholders’ perspectives on
Computing Education topics that are important to be integrated
into the curricula of CS departments.

2.3.1 The Delphi Study and Consensus. Delphi studies are useful
when consensus is needed on a topic and particularly, on topics with
limited existing evidence. Considering that research in the current
area we are investigating is limited, whereas at the same time
expertise is informally distributed, exploring the collective opinions
of informed stakeholders while they negotiate their perspectives,
was deemed suitable for the aims of this study.

In a Delphi method, the researchers form a panel of experts that
fulfil some criteria, and whose identity is kept hidden. The aim
is for the group to participate in a number of rounds answering
a specific question or set of questions. After each round of the
Delphi, the participants are provided with feedback regarding both
the opinions articulated in the previous round and the motivations
reported in support of these. The process is repeated until consensus
is achieved.

In this study, three of the working group members were involved,
and followed the so-called “Policy Delphi” rather than the more con-
ventional one. In the conventional Delphi, the researchers design an
original questionnaire and collect the participants’ responses; after
that, the researchers design a second questionnaire based on the
results and give the opportunity to the participants to re-evaluate
their original responses based on the group’s responses in order
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to reach a consensus. In the Policy Delphi, the researchers are not
interested in having a group generating a decision or consensus
[18] but the aim is to provide a factual basis for or against a problem
[119]. Consensus may occur but the main focus is for the partic-
ipants to critique, comment, and re-evaluate their ratings in the
light of their fellow participants’ arguments. Another important
aspect of the Policy Delphi is the participants. Informed people
representing multiple different perspectives are suitable as the Del-
phi’s panel so that multiple issues and opinions about an issue can
be identified [70]. Once the Policy Delphi is completed, a small
committee can use the results to formulate a “policy”.

2.3.2 Participants. Since the aim of our study is to suggest CE
curriculum content for undergraduate students with a variety of
future/current career roles (e.g., tutors, teachers/faculty, research
students, industry), we wanted to include the perspectives of expe-
rienced individuals representing each of these categories. Again,
we emphasize that this study intended to use teacher training, for
which content discussions have been conducted in the past and
still are being conducted, as a post-hoc baseline; thus we did not
include experts in teacher training in our Delphi process.

In the first round of the Delphi, 47 participants took part. Table 1
depicts the percentage of the participants per country/continent
in which they were employed at the time of the study and table
2 depicts the percentages for each of the roles included in the
Delphi panel. In the following paragraphs, we highlight further
information on the participants belonging to each of these groups.

Table 1: Distribution of participants in the first round of the
Delphi process by country/continent

Country/Continent Number of participants Percentage
UK 23 49%
Europe 16 34%
US 8 17%
Total 47 100%

Table 2: Distribution of participants in the first round of the
Delphi process by role

Group Number of participants Percentage
Tutors/TAs 8 17%
CE Academics 17 36%
CS Academics 6 13%
PhD students in CE 11 23%
Industry practitioners 5 11%
Total 47 100%

Tutors. In total, 17% (8 in total) of the participants were tutors
or TAs in CS departments. Most of them have been employed in
this role for more than 4 years. Further to this role, 4 of them had
also experience working in the industry, 3 of them working as CS
teachers, and 2 of them working as research assistants.

In relation to their training, almost all of them (7 out of 8) had
some training prior to or during their role as tutors/TAs. The train-
ing included teaching methods, pedagogy, assessment, learning
theories, and practices for engaging students.

CS Academics. A 13% of our participants were CS academics with
no specialisation in CE. Most of them (5 out of 6) had also been
trained specifically to teach in academic settings.

CE Academics. The largest group in our study (36%) were aca-
demics engaged with CE research. About half of them (52%) had
been teaching in academia for more than 10 years and 41% of them
had already been teaching a CE course of some kind. Most of them
(82%) had also been trained specifically to teach in academic set-
tings.

PhD students. In total, 23% of the participants were PhD students
in the CE field. Most of the PhD students had previously been em-
ployed in other positions such as in industry, as teaching assistants,
research associates, teachers of CS, and teacher training.

Industry. The smallest group in our study (5 participants, cor-
responding to 11%) were industry practitioners. 60% of them had
more than 10 years of experience in the industry and some of them
(40%) had previously been involved with academic settings (do-
ing a PhD and postdoc). Apart from their technical skills, 80% of
them had received special training such as Leadership and man-
agement, Project management, Organisation structure, influence,
communication and collaboration, and Unconscious bias.

In the second round of the Delphi study, 37 participants from the
47 completed the survey: 2 were CS academics, 14 were academics
in CE, 4 were practitioners in industry, 10 were PhD students in
CE, and 7 were tutors/TAs.

2.3.3 Data Collection and Analysis. The Delphi study was carried
out over a period of six and a half weeks during the spring/summer
2023. The participants were invited via email and anonymity was
kept during all rounds. The invitation explained the nature and
aim of the study and included the link to the first survey. The
participants were given about threeweeks to answer the first survey,
two weeks for the second, and about a week for the last.

In the first round, the participants were asked to fill out a sur-
vey with two sections. The first section included questions about
the participants’ academic and professional background while the
second section included an open-ended question inviting the par-
ticipants to reflect and suggest CE topics that can be introduced to
undergraduate CS departments. In total, 47 participants answered
the first round survey (the characteristics and background are de-
scribed in the “participants” subsection above).

After collecting all of the responses, a qualitative analysis was
performed by one researcher. The aim was to create a list of high-
level topics along with more concrete sub-topics based on the par-
ticipants’ responses. To this end, the participants’ responses were
grouped into themes representing a higher category of (CE) top-
ics. A second researcher then read all the responses and verified
that all participants’ suggestions were accurately represented in
one or more of the high-level categories. Two more researchers
verified that the sub-topics were accurately listed in the high-level
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categories. Having completed this analysis, the second survey was
designed.

In the second round of the Delphi, the participants were asked
to indicate their level of agreement (how important is the specific
topic to be taught in CE courses) with each of the suggested high-
level topics and for each of the undergraduate sub-groups (tutors
and teaching assistants, potential PhD students in CE, faculty and
potential CS teachers, undergraduates aiming for jobs in industry,
and general undergraduates). The responses were given on a 5-
level Likert scale. For each question, there was also an open-ended
field in which the participants could leave comments or arguments
in support of their ratings. In total 37 participants answered the
questionnaire. In this round, the data were quantitatively analysed
and the percentage of agreement and disagreement was measured
for each question and for each sub-group we were interested in.
Agreement was achieved when at least 60% of the participants
(>=60%) agreed or strongly agreed with a specific statement.

Finally, in the third round, the participants were given the results
of the previous round along with the participants’ comments and
arguments and were asked again to indicate a new level of agree-
ment only if they wanted to change their previous rating and to
comment further on their decisions. In total, 5 participants changed
their ratings. The data were again quantitatively analysed as before.

2.4 Literature Review and Related Computing
Education Courses

The aim of this track was to collate existing knowledge on CE
courses by drawing formally on the CE literature and informally
on online resources and on members of the CE community known
to run various styles of CE courses.

For the first part, a systematic literature review was conducted
following the steps from the PRISMA 2020 checklist [85]. The re-
view was conducted between May and July 2023 and, in total, six
members of the working group were involved in this process.

2.4.1 Search approach for the Systematic Literature Review (SLR).
During the first meeting, the sub-group discussed and agreed on the
aims and scope of the literature review, the inclusion and exclusion
criteria of the retrieved papers, the search databases and the search
string. For the purposes of this working group and given our goal of
retrieving CE courses’ contents, the scoping parameters we consid-
ered were the following: We considered peer-reviewed papers that
are specific to CS education/training, and that describe and provide
details of a course or training or workshop for the population we
were interested in, that is CS undergraduates, tutors/TAs, and fac-
ulty. As mentioned in the introduction, we also retrieved papers
on pre-service teacher training to be able to establish a base line.
Being concerned that our study could expand in scope, we did not
consider the large body of papers referring to in-service training or
continued professional development of teachers. Similarly, while
we did consider papers that convey knowledge about the learn-
ing and teaching of CS, we did not consider papers that describe
an intervention to improve students’ learning outcomes even if
these papers explicitly described applying theories or strategies
that might be part of a CE course.

With respect to the time frame from which papers should be
retrieved and analyzed, we note that Sahami et al. published a paper

in SIGCSE 2010 [100] in which they set out to initiate revisions to
CS curricula motivated by the goals of

• providing students greater awareness of the breadth
of options in CS and opportunities to pursue these
areas in depth,

• incorporating relatively new, but already mature,
sub-fields of CS on par with more traditional topics
within the curriculum,

• highlighting and promoting multi-disciplinary con-
nections,

• establishing a structure with sufficient flexibility to
allow for lightweight revision in response to the
evolution of the field. [100, p. 47]

This motivation and gap analysis being exactly aligned with our
working groups’ intentions, we concluded that papers published be-
fore 2010 were rather unlikely to provide meaningful answers to our
research question; we acknowledge that this time frame does not
apply to teacher training, but the de-facto standard textbook [52]
in this area, summarizing many theoretical and practical results
relevant to teacher training, was published in that time frame and
thus contributed to the sought baseline. In consequence, we defined
the search parameters of our queries to exclude papers published
prior to January 1, 2010.

2.4.2 Information Sources. As mentioned in the introduction, Si-
mon’s doctoral dissertation concluded that CE Research had mani-
fested itself as an independent academic field. We thus decided to
start our literature review by examining the venues that Simon had
used in his line of reasoning:

• ACM International Conference on Computing Education Re-
search (ICER)

• ACM International Conference on Innovation and Technology
in CS Education (ITiCSE)

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

• Australasian Computing Education Conference (ACE)
• Koli Calling

We added one more conference that had started after Simon had
concluded his research:

• United Kingdom and Ireland Computing Education Research
Conference (UKICER)

Given that our research questions also touched upon practical as-
pects of teaching about Computing Education, we also included
five venues that are open to publishing papers on such aspects:

• ACM Inroads
• Conference on Computing Education Practices (CEP)
• Journal of Computer Science in Colleges
• Western Canadian Computing Education Conference (WCCE)
• Workshop in Primary and Secondary Computing Education
(WiPSCE)

All of the above venues were accessed through the ACM Digital
Library which is considered to be a high-quality “principal source”
for systematic literature reviews [49]. In addition to ACM Inroads
and the Journal of Computer Science in Colleges, we included the
following two research-oriented journals:
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• ACM Transactions on Computing Education (TOCE); through
the ACM Digital Library

• Computer Science Education (CSE); through Taylor & Francis

Acknowledging the fact that some facets of Computing Education
Research overlap with Engineering Education Research, we used
IEEE Xplore, a “supplementary source” for systematic literature
reviews [49], to search the following three venues:

• ASEE/IEEE Frontiers in Education Conference (FIE)
• IEEE Global Engineering Education Conference (EDUCON)
• IEEE Transactions on Education (TOE)

Finally, complementing the papers from WiPSCE, we considered
the International Conference on Informatics in Schools: Situation,
Evolution, and Perspectives (ISSEP), a conference with a focus on
best practice studies, country reports, and contests. Given that the
ISSEP proceedings are published by Springer and given that their
system, a “supplementary source” [49], does not fully support the
nested query we used for the ACMDigital Library (see Table 3), two
researchers independently inspected all conference proceedings
and checked the eligibility criteria outlined in Section 2.4.3; this
resulted in a total of two ISSEP papers included in the first round
of analysis.

As a group we decided to not include journals whose primary
focus is on the integration of technology and education (such as
Computers & Education), on studying the use of computers from a
psychological perspective (such as Computers in Human Behavior),
or on general aspects of teaching and learning (such as Journal
of the Learning Sciences). Similarly, we decided against including
journals dedicated to teacher training in general (such as Teaching
and Teacher Education).

2.4.3 Eligibility Criteria. The inclusion criteria were developed by
the six members involved in the SLR and are listed below:

• The paper should describe a coherent sequence of instruc-
tional units, such as a course or a workshop, addressing
multiple aspects of CE.

• The paper should target the population we are interested in;
that is CS undergraduates, tutors, TAs, mentors, Faculty, and
pre-service CS teachers.

• The paper should have been published between 1st January
2010 and 10th May 2023.

• The course or module described should be about learning
and teaching Computing or about learning and teaching
within Computing contexts.

Correspondingly, a paper was excluded if:

• The paper addressed an intervention focused on an isolated
topic in CE.

• The paper did not provide details of the CE course’s contents.
• The paper did not include the population considered in this
study.

• The paper was published before the 1st of January 2010 and
after the 10th of May 2023.

• The paper described the content but the focus was not on
Computing contexts or was not about learning and teaching
Computing.

2.4.4 Search strategy. To identify the search terms, we followed
a simplified version of PICO [11, 14] by focusing on the following
aspects: Population and Intervention-Outcome, and collaboratively
generated the search terms. For instance, for the term “course”, we
consider relevant terms such as “module” and “workshop”. The full
search string is provided below. The search queries were conducted
by one of the authors in the second week of May 2023. The number
of articles initially retrieved from each database is listed in the
following Table 4 as well as the included papers.

Table 3: Search Terms

Abstract: ("computer science" OR "computing" OR "informatics"
OR "programming") AND ("tutors" OR "teaching assistants" OR
"tas" OR "faculty" OR "lecturers" OR "professors" OR "prospec-
tive teachers" OR "pre-service teachers" OR "preservice teach-
ers" OR "PhD" OR "majors" OR "major" OR "mentor" OR "men-
tors" OR "undergraduate" OR "undergraduates") AND ("train-
ing" OR "course" OR "workshop" OR "seminar" OR "curriculum"
OR "curricula" OR "professional development" OR "module" OR
"teacher education" OR "pedagogy" OR "pedagogical")

2.4.5 Selection Process – Conducting the review. The literature re-
view was conducted in May-July 2023. Using the search criteria
above we reviewed 2143 papers in total. To make sure that everyone
was applying the criteria appropriately and to identify any poten-
tial issues, all six members reviewed the abstract of 501 papers
and applied the inclusion and exclusion criteria. The members met
again after the review and further discussed and refined the criteria
accordingly.

The review process included 2 rounds. During the first one, each
member was assigned a set of papers to assess by reading the
title and abstract. Each paper was categorised into the exclusion
category or proceeded to the second round for further screening.
From the 2143 papers retrieved, only 90 papers proceeded to the
second round. A second reviewer randomly reviewed 100 papers
(20 papers from each of the other five reviewers) that were excluded
for reliability purposes.

During the second round, the 90 papers were further divided
among the members and each member read the allocated papers
fully and further decided whether the paper is excluded or included.
If the reviewer was uncertain, they indicated their evaluation as
“maybe” and then a second reviewer was assigned to this paper to
further help with the process. Independent of whether the paper
was included or excluded, at this stage the reviewers also applied
the snowballing method to collect cited papers that may be relevant
to the aims of this working group. From the snowball method, we
selected 15 additional papers to examine.

The overall review process is depicted in Figure 1. As a final
outcome, we retained in total 25 papers, as shown in Table 4. The
references to all such papers are reported in Table 8, grouped by
targeted population (see section 3.3).

2.4.6 Data Collection Process and Synthesis. For all the included
papers, we collected and reported in a spreadsheet the following
information:
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Table 4: Distribution by publisher of the references processed at subsequent stages of the literature review (see also figure 1)

Databases Retrieved Included Included Snowballing Snowballing Total
1st Round 2nd Round Retrieval Included Included

ACM 1472 62 15 3 0 15
IEEE 430 24 4 1 0 4
Taylor & Francis 24 2 2 0 0 2
Springer 217 2 1 1 1 2
Other databases 10 2 2
Total 2143 90 22 15 3 25

Figure 1: Review Process

• the aims/objectives of the course described
• the course’s contents
• the target population
• the assessment method if reported as well as the teaching
methods

After we collected all the information, two of the members in-
volved in the literature review process were assigned one or more
of the papers’ targeted populations in an attempt to condense all
the aims/objectives of their training as well as the contents of the
corresponding course into high-level categories. The results, in
terms of the identified high-level categories, are summarised in
section 3.3.

2.4.7 Collection of Informal Resources. For the collection of infor-
mal resources, we proceeded as follows: each of the working group
members (all 11) suggested online resources from courses we were
familiar with or from our colleagues who run courses relevant to
this working group’s interest. In total, we collected information for
21 courses relevant to Computing Education.

2.4.8 Analysis of Informal Resources. Two of the working group
members collected and added in a spreadsheet the same information
we collected from the reviewed papers, namely:

• the aims/objectives of the course

• the course’s contents
• the target population
• the teaching and assessment methods if reported

Similar to the analysis performed on the reviewed papers, once
all the information was collected, the two members synthesised the
high-level aims/objectives and contents from one or more of the
targeted populations of these courses. The references to these less
formally collected resources (documented online) are reported in
Table 9, grouped by targeted population (see section 3.3).

3 RESULTS
In this section, we report on the findings of each of the three tracks
of investigation outlined so far. More specifically, in section 3.1 we
present the arguments contributed by a variety of stakeholders in
support of a CE course. Then, section 3.2 is about the results of
the Delphi study. Finally, in section 3.3 we summarise the insights
drawn from the literature review as well as from the other less
formal resources that we considered.

3.1 Interview Results
We interviewed 14 stakeholders. The details of the participants are
summarised in Table 5.

From the data collected, our inductive analysis identified 44
codes, which we coalesced into the 18 clear themes which are now
presented below. Some closely linked to the roles we specified in
our initial argument prompts to the interviewees, others broader
or overarching (addressed to a wider audience), still others relating
to the current perception of CE in terms of policy and CE research.
The emergent themes are structured according to the original ar-
gument categories from our draft argument summary. The codes
for interviewees defined in Table 5 are italicised for clarity in the
running text.

3.1.1 Industry and Software Engineers.
There were four main themes of discussion from our participants
in terms of the arguments for CE courses for industry and software
engineers (SEs): a. SEs involved in formal/informal teaching activ-
ities; b. communication skills; c. the need to create instructional
materials of various kinds; and d. coaching and mentoring.

SEs involved in formal/informal teaching activities. The first was
in terms of industrial involvement in schools. Our participants
recognised that employers want to work with schools and univer-
sities. Sometimes their motivation for doing so is to encourage
learners to join the profession and to show what their classroom
learning can lead to in terms of their future career prospects. They
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Table 5: Participants for Arguments Interviews

ID Position Background and Rationale
CS-1 Head of CS Department Institution with major teaching focus, with a strong CE group in the past.
CS-2 Professor in CE Balanced institutional research and teaching focus. Long enough in post to understand

departmental politics.
CS-3 Professor in CE R1 institution. Been programme lead and introduced numerous new courses, so has good

understanding of departmental politics. Leads a CE research group.
CS-4 Professor in CS R1 university. Heavily involved in nation CS education decision-making, with industry

perspectives.
UL Professor of Practice for Inclu-

sive Education
Business background now at university leadership level. Ex-secondary head teacher, in-
volved at national level in education research.

UTE Senior Lecturer (Associate Pro-
fessor) of secondary teacher ed-
ucation

CS background, teacher for over 10 years, recently in post, with perspective on relevance
to incoming teacher education students

NTCS Teacher leader of national CS
teacher association

Long-time CS school teacher (35+ years), now involved in policy of school CS education at
local and national levels.

NTL-1 Top-tier staff member in na-
tional education improvement
and inspection agency

Heavily involved in schools inspections, particularly in respect of CS, with a PhD in CE.

NTL-2 Head of Digital Education, na-
tional government level

Involved in development of national education policy involving all forms of digital education
including CS; previously a CS academic.

I-1 Head of Competence Develop-
ment, large software company

Teacher and CE researcher for 18 years before going into industry where role requires deep
understanding of educational processes

I-2 Software engineer in global fi-
nancial services company

30 year veteran of the software industry with a visiting professor role at local university
involving both teaching and research

SS-1 Director of Education and Pub-
lic Benefit, national scientific so-
ciety

Involved in CS education policy at multiple levels. Executive lead on national CS teacher
professional development programme prior to current role.

SS-2 Head of Education, national sci-
entific society

Involvement in national curriculum development in digital and CS context over a 30-year
period.

CER CE researcher with primary
school focus

Involved with national teacher professional development programme and particularly in
relation to primary school CS education.

may also visit schools/universities with the motivation of help-
ing learners to understand a new or complex technology and the
challenges that arise from its development and use. Whatever the
reason, there are real benefits in bringing people from the industry
in to help teach, as often (as in the UK) there is a shortage of experi-
enced CS teachers at the school level. However, problems can arise
when people from the industry come in and try to teach – they may
not know how to break down concepts enough for their audience
to understand or may not be aware of the existing knowledge level
and experience of learners as a starting point for their discussions.
This is where learning about CE, in industry, might be of benefit.
As one participant commented:

“Teachers are incredibly good at communication, sim-
plifying, translating the complex to the understandable,
structuring things in a way that takes people through a
series of discoveries or (...) knowing when not to tell the
answer and ask questions to let that discovery happen.”
(SS-1)

Another participant observed the following about teaching in
an industry setting and the value of knowing about educational
underpinnings:

“it’s not so much a question of person A teaching per-
son B. It’s question of person A and B discovering and
generating new knowledge together as opposed to the
old-fashioned transfer approach or model of learning.
It’s much more exploratory and generative in that sense.
And I think, having a grounding in some of the teaching
models and the learning models and also a grounding
on how learning works, and what the challenges and
limitations and constraints are, I think, will be very
useful for software engineers.” (I-2)

Communication skills. Our participants also recognised that there
is a real need for people from schools and industry to be able to
speak to each other and“formulate a genuine understanding of what
the other person is experiencing and how they see things, to properly
collaborate and understand each other’s world.” (NTCS)

Our industrial participants also recognised that most software
developers need science communication skills e.g., when peer pro-
gramming, presenting in sprints, or when presenting to clients or
the general public. They could see the advantage of having the
interaction skills as well as the technical know-how,“both of these
being in the head of the same person” (I-1):
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“Our marketing department wants to make our experts
visible and for our experts to tell why a specific technol-
ogy is of use to your company. (...) we need engineers
capable of telling how solutions can boost finances (...)
No-one is going to buy anything from us if we fail to
communicate what kind of added value we can create
for them, not only how the code works, but what is its
added value. . . ” (I-1)

They could see the benefit of having good science communication
skills in general.

Need to create instructional materials of various kinds. The third
strand of discussion focused on the fact that there is a need for
courses, educators and learning materials outside of schools and
academia due to the changing nature of the computing profession.
As one participant noted:

“I think we’ve all seen <company name> and their tu-
torial on how to use one of their tools. And it’s like
laughably bad. And so I think it’s a real value.” (CS-3)

Similarly, another participant focused on documentation and
connected it to teaching:

“And so when, if you’re just trying to explain something,
or you’re writing documentation essentially what you’re
doing it teaching. Writing documentation is teaching
the people who come after you exactly what you’ve
done.” (CS-2)

There was also a recognition that the nature of training has
changed in large organisations and that most software engineers
no longer attend formal training sessions. It is more optimal for
industry that software engineers train themselves or coach their
colleagues, on the job, in a ‘just in time’ fashion.

Coaching/Mentoring. However, when it came to specifically fo-
cusing on CE and teaching skills one participant described how
coaching junior developers might easily end up in people emulating
what they perceived as “teaching”. One participant commented:

“We don’t usually have time for really preparing teach-
ing, (...) and can’t play university teacher in addition
to their work. We try to make things work in a peda-
gogically effective way and the means of transferring
knowledge to colleagues is definitely not in the form of
(self-made) lectures. Creating a slide set is out of the
question” (I-1)

Their organization preferred using outside courses and materials in
training their professionals and supporting internal coaching. We
note that the external training organizations might also be possible
employers for students with Computing education experience.

As part of coaching and mentoring, I-2 emphasised the role of
feedback:

“You not only need to learn how to be a coach, and
in some sense you need to learn how to be coached as
well. This idea of giving and receiving feedback are
two different skills, but you need to learn them both.
It’s not something that’s intrinsic or intuitive, giving or
receiving feedback. It’s something that you need both
practice and training on how to do well.” (I-2)

There may be some myth-busting to be done about what CE
involves if we are to make a strong argument for the need for CE
skills in industry, at least, based upon this particular case, it is
something to be aware of. There may be misconceptions about the
benefits of learning about CE or indeed how we teach CS currently
in schools and universities. Mostly these days, whilst our students
learn theory, we also focus on practical learning and exercises, not
just lecturing. We encourage our students to learn by doing, and in
this respect learning is the same in industry and university.

3.1.2 University Teachers (TAs, Tutors, Academics).
We grouped university teaching roles together for the purpose
of analysis as most of our interviewees focused on each of these
interchangeably in their discussions rather than in the order that
we presented them in the arguments document. This seemed a
natural grouping as all these roles are interrelated and take place
in the same location and context at a university.

Two different threads of thought came out of the interviews.
On the one hand, the participants focused on why we should run
courses on CE for the considered roles, and on the other hand, they
expressed concern for the barriers we might face in trying to do
this.

Enhancing the teaching quality and retention. Regarding the for-
mer — why we should run courses on CE — participants’ arguments
focused on the following theme: Enhanced teaching quality and
retention via building on a. Assessment and Pedagogy, b. Subject-
specific education skills, and c. Reflective practice and continuous
professional development.

Overall, participants felt that universities need to formalise the
training of unqualified teachers to help maintain their quality and
standards: “We need to improve student experience and retention”
(CER). Becoming a TA or tutor in CS is traditionally an informal
arrangement with a temporary contract and generally to obtain
such a role a teaching interview is not conducted. We tend to rely
on technical ability of students/graduates taking these roles rather
than ask for any prior teaching experience.

Assessment and Pedagogy. Most of these roles (TAs, Tutors, PhD
students) are also required to assess students and have a high degree
of responsibility in our laboratory teaching. It was felt therefore
that people in these roles need to understand the basics of education
and also the context of CE with respect to these — some theory and
practises applicable, useful, not applicable etc.

“It is essential they understand underpinning concepts
of education...and culturally relevant pedagogy so they
are specifically aware of unconscious bias in our context.”
(CER)

Assessment and feedback is something against which university
CS is often bench-marked and ranked alongside peer institutions in
national league tables. Participants felt there was a need to ensure
that TAs, tutors and PhD students (unqualified or inexperienced
teachers in the main) were trained in how to assess in an unbiased
and fair way. CS1 has a high drop-out rate in many countries and
some of our respondents felt that training in pedagogic methods
pertaining to good CE for teaching staff would help to enthuse
and encourage students and most likely help university CS depart-
ments to improve their students’ learning experience and therefore
retention.
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Some interviewees felt that there is also a need for people in
these roles to have some training on how to spot plagiarism and
what constitutes plagiarism in CE, particularly in programming.
Our participants involved directly in CE at universities felt this was
particularly important in light of recent developments in the usage
of Generative AI applications for writing or debugging code.

Subject-specific education skills. When discussing CS academics
and whether they would benefit from courses in CE, our respon-
dents highlighted that they felt that CS academics need subject-
specific education skills so that they understand the misconceptions
that students face, which concepts students find difficult and the
existing knowledge level of their audience.

Reflective practice and continuous professional development. They
also highlighted that academics need to be reflective practitioners.
One respondent noted that most academics do an initial teaching
course (that is generic, not CS-focused) at the beginning of their
career to pass probation and then teach forever after, without having
to renew or refresh their pedagogic skills. This respondent (CER)
felt that CE courses should not be something that is a tick-box
exercise and that academics need to be continuously learning and
developing their teaching skills, as well as their research skills. In
alignment with this, another participant noted:

“Ongoing professional development. I think that it’s
important to refresh those skills and to actually renew
them....a proper centre for learning and teaching, where
academics are kind of encouraged and become eventu-
ally enthused by engaging and participating in things.
This would be an amazing yeah.” (UL)

Barriers. Reflecting on the barriers, the participants’ arguments
centre around a. lack of supporting mechanisms, b. low levels of
engagement c. academic shortage and packed undergraduate pro-
gramme.

Lack of supporting mechanisms. Some universities use undergrad-
uate students as TAs for technical laboratory classes in CS, and
this is becoming increasingly more common. Other institutions do
not have such mechanisms in place for student support as yet, and
therefore, one participant felt that using arguments about assess-
ment or plagiarism concerns for training of undergraduate TAs in
CE would not be particularly persuasive in their institution.

Low levels of engagement. Several of our academic respondents
stated that they already run training courses for TAs in CE in their
institution, and one noted that reading education literature was the
least popular part of the training class for their TAs.

“[our tutor training] class has some education literature
in there, at the start. That is the least popular part of that
class. So it’s the part that students are first to complain
about because they just want the practical part. ‘Giveme
the nuts and bolts of how to make it happen, because I
have to grade this class this week.’ Which is unfortunate.
... The students don’t want to work and so anything that
we require, say read a research paper, is not appreciated
- because this is just TA training. It’s not seen as a real
course.” (CS-2)

This respondent stated that for the most part TAs just wanted to
get to the practical part of the training because they were concerned
that they had to grade work soon. This respondent suggested that

their course was not taken seriously by TAs because it was only
a short course or workshop style event rather than a formal sub-
stantive CE course. They posited that a more substantial course
would be more successful, especially if it was run as an elective for
all students. Other respondents noted that they had run successful
CE research classes where graduates read research papers on CE
and their students had vibrant discussions and were fully engaged.
So, it may be a matter when considering running such courses as
to the level of maturity of the audience. Some respondents stressed
that they agreed PhD students need to be trained how to teach,
and they felt a dedicated course on CE would be very beneficial for
them. However, one respondent noted that often CS departments
did not have the capacity to teach these courses in more depth as
not many CS academics can actually teach CE classes.

Academic shortage and packed undergraduate programmes. Many
of those who could teach CE classes in their institution were on “the
teaching stream and already had huge teaching demands elsewhere
which makes things tricky for the teaching load” (CS-3). Others
highlighted that there would be difficulty fitting such a course into
their current undergraduate programme. They stated that their
specialist programme content is almost entirely fixed (compulsory)
and even in pathway programmes (that offer some choice) it might
be difficult to get such a course accepted as “when you start having
discussion with the department as a whole – everyone wants a thing
in there” (CS-2), so there would be lots of competing arguments
for content and courses other than CE. In terms of putting a CE
course in the earlier years of a CS undergraduate programme, this
respondent also stated, “we don’t have optional modules at levels 1
and 2 of our programme” (CS-2) and this might be the case for many
undergraduate programme structures. Another respondent outlined
that their university was a meritocracy in terms of determining
which courses to run. They felt that if someone was willing to
put in the effort to create such a course, their department would
not stand in their way, however, there was a caveat, “as long as it
does not dramatically impact other required courses you would be
allowed to teach that class” (CS-3). So, it seems it is still not very
straightforward to get a CE course onto current CS Undergraduate
programmes even where there is support and academic freedom.
One of our respondents felt that proposing a CE course would
make sense to some colleagues, but others would ask what makes
such a course CE rather than just a standard Education course.
They envisaged that if we started with defining programme level
outcomes then these would be required to be fulfilled by modules
or more likely parts of programmes, this was one way that those
interested in getting CE on UG CS programmes, could perhaps go
about it (CS-2).

In the participants’ view, courses on CE and CE Research might
be more likely to be accepted within undergraduate CS programmes
where there is already an acceptance of HCI. Moreover, the CE
community should provide more persuasive arguments that there
is a subject-specific pedagogy for CS:

“If you can get across the idea there was a subject-
specific pedagogy, that matters, because I think that
is part of the problem. I don’t think the university nec-
essarily believes in subject-specific pedagogy.” (CS-2)
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It was felt that it would be a huge contribution if we (this working
group) could identify what core elements we think everyone should
be learning and if we could start to characterise a subject-specific
pedagogy.

3.1.3 School Teachers and Future Educators.

Shortage of teachers with CK and/or PCK. Interview participants
recognised that in some countries there is still a shortage of CS
teachers in the school system and that many who do teach CS may
well not have a CS degree. This amounts to what some view as
a “desperate” shortage of deep knowledge at the school level (UL).
Teachers who do not have a CS background, whilst being able to
teach, may lack, as another respondent put it “a subject specialist’s
ability to lift from the page and expand into something that is relevant
and have context” and this lack of subject specialism is a problem
that they think “is not going to go away” (SS-1). They felt the pro-
posal for Education courses in Undergraduate CS programmes was
exciting because “we might be able to learn from subject specialists
who have got this additional superpower around education and to be
able to communicate more effectively with educators” (SS-1).

They felt there was also a potential shortage of teachers with
both CS and Education background at other levels of education too,
and this issue was wider than just schools:

“We were talking about teacher capacity and retention,
well, this isn’t just teachers. This is FE [Further Educa-
tion, like community college]. Tutors and lecturers. This
is actually HE [Higher Education].” (SS-1)

They referred to an example of universities filling their vacancies in
CS with hourly paid temporary teachers “who are not fully commit-
ted to students and may not be able to provide the tutorial material
students need” (SS-1).

One of our interviewees involved with teacher training felt that
the introduction of CE in undergraduate CS programmes would
make graduates of such programmes a great resource for school
teaching “because some of these people may want to be a primary
teacher which would be fantastic, and even if they don’t, you will
have more people in secondaries who could work with the primary
partners and be a fantastic resource in the same way that they can
enhance what’s going on in the secondary classroom” (NTCS).

Teaching as a career path. Some participants thought therewould
be positive knock-on effects if CS undergraduates attended these
courses and then wanted to take up teaching as a career. Others
felt this was a good idea, but they were clear that such a course
should make sure that the students understand CE methodologies
in particular, and education in general as “they generally have no un-
derstanding or experience of teaching or why we teach the way we do”
(UL). This participant viewed the need for discipline-specific teach-
ing skills to be taught more generally in undergraduate programmes
across their institution as important and felt that institutions “need
to provide more instructional collaborative development of teaching
skills” and that a CE course in undergraduate CS programmes “could
be a really interesting prototype of this kind of education, slash com-
munication with the world, advocating for the importance of your
disciplinary area. As there are major topics that the general public
probably do need some help with, like security” (UL).

Useful skills for industry. One of our academic respondents felt
that being able to get a CE course into the undergraduate CS pro-
gramme might be easier if it ’ticked a box’ for course accrediting
bodies (such as IET, BCS), and if it could be demonstrated that the
skills taught in these particular courses were shown to be those
needed by a software engineer in industry (CS-2). As an example of
how this could be demonstrated, the need for software engineers to
create effective documentation was pointed out: The ability to cre-
ate succinct and clear documentation for users and other developers
is, indeed, “basically teaching through a document” (CS-2).

3.1.4 Undergraduate Students.

Self-regulation and Metacognition. A starting point for the dis-
cussion around the arguments about benefits for all students relates
to the benefits for their own CS learning. As SS-2, who has been
involved in aspects of national CE programmes for over 3 decades,
put it:

“[Computing] people don’t reflect. They don’t do the
meta-cognition, they don’t reflect on how they learned
it. So you ask them. It’s like trying to get a squirrel
to explain centre of mass to you. They demonstrate
it all the time, but they can’t articulate it, which is
partly communicating what this is. But there’s also [the
influence on] your own ability to learn if you’re not
conscious of how you learn.”

SS-2’s reference to meta-cognition was picked up by other par-
ticipants. The Education Endowment Foundation (EEF), a UK body
that identifies evidence-based educational innovation in the school
system, rates the development of meta-cognition in young people
as the most effective intervention, particularly in relation to the
low cost of adoption. UL cited meta-cognition as key, noting:

“If I’m given feedback [as a learner], I need to knowwhat
to do with that feedback. . . if a TA gives me feedback,
what do I do? No one else can be responsible for that,
apart from the learner, so metacognition is at the heart
of self-assessment.”

UL noted further that “often we teach UGs and we don’t reveal why
we are teaching these things, and why this way. We don’t use the
vocabulary of Education.” NTL-1 noted the focus in their national ed-
ucation organisation on life-long learning, and how meta-cognition
was a part of this, providing essential transferable skills. More prag-
matically, given the nature of the interviews, CS-2 suggested that
the importance of meta-cognition is so great, given the EEF findings,
that it could be a lever, a Trojan Horse, to encourage the adoption
of wider CE studies.

Skills relevant to industry. Participants talked about the impor-
tance of teaching in connection with communication skills, partic-
ularly in relation to industry-based activity. CS-2 noted:

“I constitute just about everything as if it’s a teach-
ing thing. Everything becomes better if you think of it
like that. And so when, if you’re just trying to explain
something, or you’re writing documentation, essentially
what you’re doing is teaching.”

I-1 spoke to the importance for their company in terms of the ability
to share ideas with customers:
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“our marketing [department] wants to make our experts
visible and for our experts to say why a specific tech-
nology is of use to your company. . . basically we need
engineers that are capable of telling to e.g. amusement
park staff how our solutions can help them boost their
finances. No one is going to buy anything from us if we
fail to communicate what kind of added value we can
create for them.”

UL noted that training courses were no longer run face-to-face, but
via online resources in a teach-yourself mode, saying that “some
resources are of poor quality — often not created by people who under-
stand CE and who are not in industry, not in the training team and not
in learning and teaching.” In CS-3’s opinion, “we’ve all seen <insert
company name> and their tutorial on how to use one of their tools:
And it’s laughably bad.” And hence “it’s a real value [to consider]
training skills for industry, and how to do this better.”

CS-1 and CS-2 made connections to Human-Computer Interac-
tion. For example, CS-1 said that aspects of a CE course could be
seen as a requirement to be able to understand the user. UL added:

“We develop systems for people so we need to understand
how they learn, where there are misconceptions, how
we can help them to overcome barriers to learning and
using technology.”

Away from the industry focus, UL also noted the universal so-
cietal need to understand the technology around us, and how CS
graduates had a crucial role to play in fostering that understanding:

“We’ve been stuck in the technical aspects of our pro-
fession — but we don’t make products for the sake of it.
So it makes no sense to not be educating people about
that. We should take advantage of AI, an opportune
moment. . . [to explain a society-changing technology
that is poorly understood and generating concern across
our populations.]”

Employability. Employability, relevant to all students, was noted
as a driver for including CE material, capturing many of the points
made above. CS-1 advised that “the tactic you would have to use
here is employability — it is a big focus here. The employers might be
interested in those sorts of skills. We are heavily driven by employa-
bility. From that point of view, it almost sounds like it is something
for our first and second year courses [mandatory for all students].”
CS-2 noted that their organisation is keen for their graduates to go
into jobs as that is an important league table indicator, and that by
giving them a flavour of what education and being a teacher is like,
more of those who might otherwise not get a job would consider
going into teaching.

3.1.5 Ecosystem, Policy and Leadership in CE, CE Advocacy.

Having CE courses in the UG programme helps to emphasise the
“coming of age” aspect of the area, although it was acknowledged
by CS-4 and NTL-2 that this may take a number of years to have the
desired impact – “we should start now, with small steps” (CS-2). Both
UTE and CS-4 highlighted the wider policy prominence of digital
skills and CS education reform across various jurisdictions, settings
and contexts (especially at K-12), alongside a renewed post-COVID
focus on high-quality, relevant and authentic learning, teaching

and assessment. Having said this, respondents noted that some
universities as a whole do not believe in subject-specific pedagogy,
especially in how they support early-career academics to develop
their learning and teaching in their first permanent posts.

A wider point was emphasised by NTL-1 (from a national schools
improvement agency) and NTL-2 (working in government), that
while our arguments had currency and traction due to ongoing
reforms and wider initiatives, they were missing an over-arching
summary of the global importance of CE. Drawing on both of
their local universities’ civic missions, it seemed obvious that any
CS department should be contributing to CE, given its growing
status. From this point of view, then CE should clearly be seen as
a mainstream topic, with appropriate research and teaching, like
other topic areas such as systems, HCI, machine learning, and so
on, given that CE’s influence on the world is becoming similar to
the influence of any other topic in CS. This overlap with other topic
areas such as HCI was clearly made; for example: “if it involves a
human, then all of a sudden, it’s no longer interesting. When I think
that actually makes it more interesting...” (CS-2); so the acceptance
of HCI makes space for the acceptance of CE.

Incorporating educational aspects into professional accredita-
tion of CS degrees was also considered in the interviews. SS-1, one
of the staff interviewed from the science society for CS in their
country, noted that “we’ve definitely changed over the last few years,
to recognise the importance of the educator.” In relation to profes-
sional accreditation of CS degrees, they observed that “if you stand
back and think about contributing to the discipline, your professional
community, the whole education piece is directly relevant.” In discus-
sion, it was clear that a CS school teacher could be just as likely
as an engineer to have professional accreditation based on their
respective professional backgrounds. Both UTE and CS-2 noted
this as a potential driver for adoption in institutions like theirs,
with UTE acknowledging how it could support both initial teacher
education and in-service training for CS educators. Referring to
knowledge of CE, he said “I think you’d have to get that into the
[science society’s] accreditation, and then, yes, it would immediately
[be considered seriously].” The inclusion of CE within professional
accreditation regimes was highlighted by both CS-1 and CS-2, a
department head and a long-standing full professor respectively,
as another persuasive element for adoption. Although not all CS
departments aim for accreditation, both of these academics’ depart-
ments recognised accreditation of their programmes as important
to their students’ prospects. Emphasising this point, SS-1, from a
scientific society that does offer personal and programme accred-
itation, noted that education was already a criterion for personal
recognition at chartered engineer and fellowship status, although
not yet at undergraduate programme level. However, she pointed
out that “education is as relevant as software engineering or any-
thing else. So, the Society itself has recognised the educators and
how important they are”.

However, some of these high-level themes and priorities do not
manifest at the institutional level, particularly in the UK due to
the prominence of research over learning and teaching, and the
dominance of university league tables and performance measures
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such as the Research Excellence Framework (REF)2, a national re-
search impact evaluation of UK higher education institutions that
takes place roughly every seven years. The REF has huge signifi-
cance for UK universities, especially in the allocation of strategic
research funding. Thus, echoing comments from CS-4 and NTL-2,
if a research area does not neatly fit into one of the REF units of
assessment, this has a detrimental impact on how it is perceived,
resourced and supported within an institution. A number of inter-
viewees (for example, both CS-2 and CS-4) highlighted the highly
variable attitudes to CE, not always defined by university status –
some R1s very supportive, others not, with some smaller colleges
that are more focused on teaching not necessarily welcoming of
a CE person as they might “not fit” into the established academic
career/role structures and hierarchies. But CS-4 and UTE acknowl-
edged the importance of the breadth of academic staff expertise and
role, especially the impact of teaching fellows and teaching-focused
pathways that were complementary (and equitable) with research
pathways. It is possible to be stuck in a rut: since we do not employ
people to teach or do this due to perceived REF rules or constraints,
it means there are no strong drivers for change. These blocks in
the wider ecosystem, while potentially UK-specific, were voiced
by academics inside the system, with limited actionability for how
to shift and change prevailing policy at both the institutional and
national level. However, CS-4, NTL-2 and UTE all suggested poten-
tial ways in which to alleviate some of these institutional blocks,
which could support influencing reform and change at national
level, including: developing innovative co-delivery models (e.g. on-
line/blended/distance learning) between multiple institutions to
bootstrap activity and build critical mass in this area; developing
local, regional and national communities of practice for early-career
academics in CS and CE to share and disseminate best practice and
co-produce future developments for the area; as well as fostering
and promoting disciplinary leadership and advocacy by engaging
with national academies, professional bodies, learned societies, as
well as industry.

3.2 Content for CS Education Courses
In this section, we present the results of the Delphi study. To re-
iterate, the aim of this line of investigation was to collect informed
opinions about the content that should be embedded in CS under-
graduates’ departments. The first subsection is about the outcome
of the first round of the Delphi process and the second subsection
reports the results of the second and third rounds. Additional details
on the agreement rates for the categories and themes emerging
from the Delphi process can be found in Appendix A.

3.2.1 Delphi first round. In the first round of the Delphi, the par-
ticipants, apart from some demographic and background questions,
were asked to answer an open-ended question regarding their per-
spectives on CE topics that should be integrated into undergraduate
CS departments. Table 6 presents the high-level topics/themes and
the more concrete topics suggested by the participants and organ-
ised under the corresponding theme. In the following paragraphs
we expand a little on this material and report representative related
excerpts drawn from the survey.

2see: https://www.ref.ac.uk/about-the-ref/what-is-the-ref/

Learning Strategies. Strategies that are employed by learners to
enhance learning. As can be seen from Table 6, participants referred
to strategies like metacognition, self-explanations and reflective
thinking.

Learning & Instructional Theories. This category covers a body of
learning and instructional theories that are general, meaning they
are applicable in educational settings independently of a specific
subject. Participants referred, for instance, to the theories of con-
structivism and cognitive load theory which have been studied
and employed in CE research. For instance, one of the participants
explained:

“Cognitive Load – looking at what we are trying to get
a student to learn and how the exercises we do help or
hinder this process. Constructivism – how we construct
our own knowledge and that each person’s knowledge
will be unique and affect how and what we learn.”

Cognitive Processes in Learning Programming. Processes relevant to
cognition and learning CS. Examples listed from our participants
were, for instance, mental models, notional machines, schemas and
plans. These were regarded as important both for the learner as well
from a teacher’s perspective. As one of our participants mentioned:

“I found an understanding of the cognitive processes
involved in learning programming concepts or a specific
programming language were not just useful for me in
teaching these but also influenced the way I approached
problems myself and helped me catch some mistakes
early.”

Non-Cognitive or Affective Dimensions of Learning. This category
includes aspects impacting learning but not bound to cognition.
For instance, our participants highlighted the important role of
motivation, self-efficacy, a sense of belonging and a growth mindset.
On this, one of our participants reported:

“Motivation, interest and general attitudes towards Com-
puting (including definitions of constructs such as in-
terest, motivation, self-efficacy, and participation, as
well as the gender divide within Computing). This gives
students a broader knowledge of how those who do not
study computing tend to feel about it and how this can
be affected.”

Broad Teaching Methods and Approaches. By this we refer to teach-
ing methods/approaches with a wider scope, which is not limited
to computing contexts. For example, methods like blended learning,
Socratic questioning, peer learning and semantic waves were some
of the examples our participants mentioned. As previously, not
only did our participants consider benefits from the learners’ side,
but also for other groups such as mentors and tutors. One of the
participants highlighted that:

“Broader teaching and discussion around pedagogy is
useful when engaging in peer mentoring activities, ei-
ther group work, or as a tutor/demonstrator for other
students, but also helped me engage more effectively as
a student with teaching staff since I could more quickly
recognise their approach.”
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Table 6: Results from the first round of the Delphi

High-Level Categories Concrete Examples Frequency
1. Learning Strategies Metacognition & Self-regulation, Reflective Thinking, Self-explanations 21.3%
2. Learning & Instructional Theo-

ries
Constructivism/Constructionism, Sociocultural Perspectives, Multiple Conceptions
Theory, Critical Consciousness, Cognitive Load Theory, Theory of Multimedia
Development, Nudge Theory, Learning Styles, Direct Instruction

23.4%

3. Cognitive Processes in Learning
Programming

Mental Models, Notional Machines, Memory, Cognitive Load Theory, Schemas &
Plans

25.5%

4. Non-Cognitive or Affective Di-
mensions of Learning

Growth Mindset, Self-efficacy, Motivation, Engagement, Attitudes, Identity, Sense
of Belonging

21.3%

5. Broad Teaching Methods and
Approaches

Blended Learning, Socratic qQ Pedagogy, Taxonomies and Hierarchies of Knowl-
edge and Understanding, Summative and Formative Feedback

19.1%

6. Teaching Methods, Approaches
to Teaching Programming

Pair Programming, PRIMM, Program Comprehension (e.g., Block Model), Program-
ming Problem-solving, Reasoning in Programming, Strategies for debugging, Levels
of Abstraction

27.7%

7. Activities and Tools for Learn-
ing Programming

Worked Examples, Parsons Puzzles, Explain in Plain English, Tracing Code, Code
Reviews

10.6%

8. LearningDifficulties in Comput-
ing and Programming

Threshold Concepts, Misconceptions, Problem solving & Reasoning, Levels of
Abstraction, Thinking Computationally

25.5%

9. Diversity & Inclusion Microaggression, Implicit Bias, Stereotype Threat, Stereotypes, Unconscious Bias,
Gender Differences, Accessibility, Sociological Theories (e.g., Bourdieu), Neurodi-
versity

21.3%

10. Society and Ethics in Comput-
ing

Societal Impact of Technology and Computing, Ethics Issues Involved in Teaching
relevant to TAs as well as teachers/faculty (e.g., conflict of interest), Responsible
Computing Practices, Accessibility

6.4%

11. Course Planning Curriculum Design, Policy and CS Curricula, Course Design, Planning and Deliver-
ing a Lesson or a Session

19.1%

12. Course Management Behaviour and Classroom Management 4.3%
13. Assessment Exam design, Formative and Summative Assessment Design, Tools for Assessment

(e.g, automatic)
14.9%

14. Grading Providing Feedback, Formative and Summative, Grading and Rubrics 8.5%
15. Engaging with Students Responding to Students, Generating Discussions, Engagement 4.3%
16. Technology in Education Developing Educational Software/Technology, Accessibility, Online Learning Plat-

forms, Learning Management Systems, LLM-based Chatbots, User-generated Con-
tent (e.g., internet forums, StackExchange, youtube, etc.)

8.5%

17. History and Nature of Comput-
ing and Computing Education

6.4%

18. Research in Computing Educa-
tion

Qualitative and Quantitative Research Designs and Use in CE, Research Methods
(such as surveys, interviews, focus groups, experimental methods and statistics, and
application in CE), CE research methodology (e.g., phenomenography, phenomenol-
ogy), Reading & Understanding Academic Papers, Practice Academic Writing,
Practical Eexperience of the whole Research Cycle, Current Trends of research in
CE, Communicating Research Ffindings, Reflecting on Research Findings

25.5%

19. Professional Competencies Communication Skills, Intercultural Skills, Teamwork and Collaboration, Conflict
Resolution, Argumentation, Explaining/Communicating Ideas Clearly (e.g., pro-
gramming concepts, problem solutions), Teaching Peers, Mentoring & Coaching,
Giving Feedback, Leading & Managing a Team, User-centred Approaches like Par-
ticipatory Design, Delivering a Presentation, Time Management

42.6%

Teaching Methods, Approaches to Teaching Programming. Methods
and approaches specific to teaching programming such as PRIMM,
program comprehension, and strategies for debugging:

“Finally, instruction on effective strategies for debugging
and reasoning about code, and especially for helping
others do the same, would not only be an excellent way

to introduce students to education-related topics but
would also be helpful even to those on a purely technical
track, as those skills are central to industry roles as well.”
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Activities and Tools for Learning Programming. Specific activities
that have been used to facilitate learning in programming such as
worked examples and Parsons Puzzles:

“General how learning CS works should be taught to all
students to help them more effectively learn CS. Such as
how learning how to code trace helps you learn how to
explain in plain English what code is doing, which helps
you with communication skills and grappling with code
in general.”

Learning Difficulties in Computing and Programming. Some of the
participants’ suggestions refer to the problems and challenges learn-
ers face when learning Computing and Programming, such as mis-
conceptions and more general difficulties during problem-solving:

“CE could improve their skills in computational reason-
ing, which is necessary for computer scientists working
in all areas (private companies, teachers, researchers).
By better analyzing inside CE courses which are the key
ingredients and the difficulties in teaching/learning CS
topics, students could have an advantage in the Master
courses and more in general for Long-Life Learning.”

Diversity & Inclusion. This category reflects the participants’ re-
sponses relevant to issues of inclusion and diversity such as implicit
bias, stereotypes and accessibility. In highlighting the importance
of these topics, one of our participants emphasised:

“CS graduates should also know about gender differ-
ences, computing identity, and computing-related stereo-
types, which are topics covered by CE, are rarely touched
upon in curricula, and would help to improve the work
culture in the CS industry.”

Society and Ethics in Computing. Here the focus is on ethics, whether
relevant to teaching or regarding technology and the impact of tech-
nology on society:

“It is crucial to raise awareness about ethical considera-
tions, responsible computing practices, and the societal
impact of technology.”

Course Planning. Design topics, ranging from planning an individ-
ual lesson, a unit or a course, to designing a more comprehensive
curriculum:

“Curriculum design is a big one for me – being able
to understand why an exercise is included and what
students should be learning from that exercise has been
really important for me when teaching”.

Course Management. This category highlights topics relevant to
classroom and behavioural management:

“If students are doing a student ambassador module -
where they are going into schools, then they need to also
learn about behaviour management.”

Assessment. Assessment brings together topics referring to different
aspects of assessment such as designing an exam, formative and
summative assessment, as well as tools that can be employed to
facilitate this process. One of our participants mentioned that:

“Aspects of summative, formative and continuous as-
sessment/evaluation, both in general (e.g., the use of
rubrics or of techniques of formative assessment like
live quizzes to break the lecture or checklist for qualita-
tive observations) and specifically (e.g. pros and cons of
using automated assessment of programming exercises,
how to create good cloze quizzes for programming, and
so on) is important because those techniques can be
applied in a variety of situations.”

Grading. Topics relevant to grading processes and feedback:
“Exam setting and grading: students need to be taught
different techniques that go into exam setting and grad-
ing process so that they can effectively prepare exams
that test their students’ knowledge, and also perform
fair grading and reach an appreciable outcome.”

Engaging with Students. The subject of this category is the interac-
tion between learners and teachers or tutors, such as prompting
and facilitating discussions or engaging a student:

“Contemporary issues – [...], classroom engagement –
can be included as final year options or project topics.”

Technology in Education. This area brings together aspects rele-
vant to developing technological educational tools, online learning
platforms and learning management systems:

“Since technology is increasingly used in education, it is
essential to cover subjects such as educational technol-
ogy, online learning platforms, learning management
systems, and instructional design. These topics will help
students use digital tools to enhance their teaching and
learning experiences.”

History and Nature of Computing and Computing Education. This is
a broad theme focusing on the evolution of CE and Computing as
scientific fields as well as of policies and curricula:

“History of computing education within universities
and schools, including a history of policy and curricula.
This gives students some contextual understanding into
the field of computing education, how long it existed
and how many students learn to compute globally.”

Research in Computing Education. This last category groups to-
gether a set of topics and skills relevant to those interested in
conducting research both in the field of CE as well as in industrial
settings:

“Providing students with knowledge of research method-
ologies, data collection techniques, and analysis ap-
proaches specific to computing education research will
enable them to conduct thorough and valuable research.”

Professional Competencies3. This category bring together topics
relating to skills that computing undergraduates as well as those
involved with teaching CS should develop. For instance, one of our
industry participants highlighted:

3Each of the competencies identified within this theme and listed in Table 6 was
examined for agreement. Details about the rates of agreement are reported in the
tables of Appendix A.
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“Articulating effectively a technical solution, software
design or even an idea to other engineers is an important
aspect of an engineer’s work. [...] another important
aspect is effective collaboration and letting go of egos
to push the team forward.”

3.2.2 Results of the second and third round. In the second round
of the Delphi, the participants were asked to rate, using a 5-point
Likert scale, the importance of the CE topics and professional skills
identified in the first round. Each participant was asked to rate the
importance of each topic for each of the (future) roles of undergrad-
uate students, i.e. tutors/teaching assistants (TA), teachers/faculty
(TT), researchers (R), industry (I), and general undergraduate stu-
dents (UG). Following the Delphi method, the results from the sec-
ond round were given to the participants for a third round, where
they were asked to rate the importance of the different topics and
skills again if they wanted to change anything after having read the
results and arguments from the second round. The final results after
the third round are presented in Tables Q1–Q32 of Appendix A,
where disagree means 1–2 and agree 4–5 on the Likert scale.

According to the Delphi findings, there was agreement (> 60%)
that Society and Ethics in Computing, Communication Skills, Team-
work and Collaboration, Delivering a Presentation, Explaining ideas,
and Time Management, are important for all CS undergraduates,
regardless of role. The topic of Learning Strategies reached an agree-
ment for all groups apart from undergraduates aiming for an in-
dustry career. The topic of Code Reviews reached an agreement
for tutors, undergraduates aiming for industry, and general under-
graduates. The topics of Intercultural Skills, Giving Feedback, and
Diversity and Inclusion reached an agreement for all groups apart
from general undergraduates (not TAs or industry). The topics
of Cognitive Processes, Non-cognitive dimensions of learning, Broad
Teaching Methods”, and Teaching Methods and Approaches reached
an agreement for all apart from general undergraduates and those
aiming for a career in industry. The topics of Mentoring and Coach-
ing, Team Leadership and Conflict Resolution reached an agreement
for all apart from research students and general undergraduates.
The topics of Course Management, Assessment, Grading, Engaging
with Students, Teaching Peers and Activities for Learning Program-
ming reached an agreement for teaching assistants and those in-
terested in a teaching career. Research skills, Argumentation and
Learning and Instructional theories reached an agreement only for
those interested in a teaching career and research students. Finally,
the topics of Applying User-centered Approaches like participatory
design, Course Planning, and Technology in Education reached an
agreement for those interested in teaching careers, while the topic
of History and Nature of Computing and CE reached an agreement
only for research students.

In addition to the agreement results documented in the Appen-
dix, we were interested in having group-specific results. By group-
specific results, we mean focusing on responses from four Delphi
participant groups: TAs/Tutors (TA), PhD students (PhD), Industry,
and CE academics (CSE) and see whether there is an agreement be-
tween participants from each group about the importance of topics
to the role(s) related to this participant group. For example, we were
interested to see agreement percentages (Agree% and Disagree%)
among TA Delphi participants to the importance of each topic as

related to the TA role. The same is true for PhD (importance for
the R role) and Industry participants (importance for the I role).
For CSE participants, we believe that it would be helpful to do the
same, but for all roles (i.e., TA, TT, R, I, and UG). Results from this
group-specific analysis are included in Table 7.

As we see from Table 7, there is an agreement determined by
having 60% or more of Agree (the topic is important for the respec-
tive role) or Disagree (topic is unimportant for the respective role)
among the TA participants on all topics except for: Society and Ethics
in Computing Course Planning, Course Management, Technology in
Education, History and Nature of Computing and CE, Research Skills,
Argumentation, Team Leadership and Management, and Delivering a
Presentation.

For PhD participants, there is an agreement on all topics ex-
cept for: Activities/Tools for Learning Programming, Course Planning,
Course Management, Assessment, Grading, Engaging with Students,
Technology in Education, Code Reviews, Conflict Resolution, and Men-
toring and Coaching.

For Industry participants, there is an agreement on all topics
except for: Broad Teaching methods and Approaches, Teaching Meth-
ods and Approaches to Teaching Computing/Programming, Activi-
ties/Tools for Learning Programming, Assessment, Grading, Technol-
ogy in Education, and Team Leadership and Management.

In Table 7, we see that CSE participants agreed on all topics
for the TA role except Learning and Instructional Theories, Course
Planning, History and Nature of Computing and CE, Research Skills,
Argumentation, and Applying User-centred approaches like participa-
tory design. For the TT role, CSE participants agreed on all topics
except Code reviews and Argumentation. For the R role, CSE par-
ticipants agreed on all topics except for: Course Planning, Course
Management, Code Reviews, Conflict Resolution, and Teaching Peers.
For the I role, CSE participants agreed on all topics except Learning
Strategies, Learning and Instructional Theories, Cognitive Processes
in Learning programming, Non-cognitive or affective dimensions of
learning, Activities/Tools for learning programming, Learning Diffi-
culties in Programming, Course Management, Assessment, Grading,
Engaging with Students, Technology in Education, History and Nature
of Computing and CE, Research Skills, Code Reviews, Argumenta-
tion, Conflict Resolution, Teaching peers, and Applying User-centered
approaches like participatory design. Finally, for the UG role, CSE
participants agreed on the following topics: Diversity and Inclusion,
Society and Ethics in Computing, Communication Skills, Teamwork
and Collaboration, Explaining ideas, Intercultural skills, Conflict Res-
olution, Teaching peers, Giving feedback, Delivering a presentation,
Time management.

3.3 Related CS Education Courses
Regarding the formal resources collected through the systematic
literature review and the considered informal resources, the fol-
lowing tables demonstrate the percentage of papers and informal
resources per targeted population.

Table 8 shows the number of papers grouped by the targeted
population as well as the papers referring to these.
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Table 7: Group-specific results

Delphi participant group TA PhD I CSE
Target group TA R I TA TT R I UG

Q1: Learning Strategies Agree 100.0 77.8 66.7 84.6 92.3 92.3 46.2 53.8
Disagree 0.0 0.0 0.0 0.0 0.0 0.0 23.1 15.4

Q2: Learning & Instructional Theories Agree 71.4 77.8 33.3 38.5 76.9 92.3 7.7 0.0
Disagree 14.3 0.0 66.7 7.7 0.0 7.7 38.5 53.8

Q3: Cognitive processes in learning programming Agree 85.7 66.7 66.7 84.6 92.3 92.3 30.8 30.8
Disagree 0.0 0.0 33.3 0.0 7.7 0.0 53.8 7.7

Q4: Non-cognitive or affective dimensions of learning Agree 71.4 88.9 100.0 76.9 92.3 100.0 53.8 53.8
Disagree 0.0 11.1 0.0 0.0 0.0 0.0 23.1 7.7

Q5: Broad Teaching Methods & Approaches Agree 71.4 77.8 33.3 76.9 92.3 69.2 30.8 23.1
Disagree 0.0 11.1 33.3 7.7 7.7 7.7 61.5 53.8

Q6: Teaching Methods & Approaches to teaching Computing/Programming Agree 100.0 88.9 33.3 100.0 100.0 76.9 30.8 38.5
Disagree 0.0 11.1 33.3 0.0 0.0 0.0 61.5 23.1

Q7: Activities/Tools for leaning programming Agree 100.0 55.6 0.0 92.3 100.0 61.5 38.5 46.2
Disagree 0.0 33.3 33.3 0.0 0.0 0.0 46.2 23.1

Q8: Learning Difficulties in Programming Agree 100.0 66.7 66.7 100.0 100.0 84.6 30.8 46.2
Disagree 0.0 22.2 0.0 0.0 0.0 0.0 38.5 23.1

Q9: Diversity & Inclusion Agree 71.4 88.9 66.7 100.0 100.0 76.9 76.9 69.2
Disagree 14.3 0.0 0.0 0.0 0.0 0.0 0.0 7.7

Q10: Society and Ethics in Computing Agree 57.1 88.9 66.7 61.5 76.9 92.3 76.9 61.5
Disagree 14.3 0.0 0.0 15.4 7.7 0.0 15.4 0.0

Q11: Course Planning Agree 42.9 44.4 33.3 53.8 92.3 38.5 23.1 23.1
Disagree 0.0 22.2 66.7 7.7 0.0 15.4 61.5 61.5

Q12: Course Management Agree 57.1 33.3 0.0 84.6 100.0 38.5 30.8 15.4
Disagree 14.3 22.2 66.7 0.0 0.0 46.2 53.8 69.2

Q13: Assessment Agree 71.4 55.6 0.0 76.9 100.0 84.6 30.8 30.8
Disagree 0.0 22.2 33.3 7.7 0.0 7.7 53.8 38.5

Q14: Grading Agree 85.7 44.4 33.3 92.3 100.0 61.5 30.8 53.8
Disagree 0.0 22.2 0.0 0.0 0.0 23.1 53.8 23.1

Q15: Engaging with students Agree 100.0 44.4 66.7 100.0 100.0 84.6 38.5 53.8
Disagree 0.0 11.1 33.3 0.0 0.0 15.4 38.5 38.5

Q16: Technology in Education Agree 42.9 55.6 33.3 76.9 69.2 69.2 46.2 53.8
Disagree 14.3 11.1 33.3 15.4 7.7 0.0 23.1 46.2

Q17: History and Nature of Computing and CE Agree 14.3 100.0 33.3 23.1 61.5 69.2 30.8 38.5
Disagree 42.9 0.0 66.7 15.4 0.0 7.7 38.5 23.1

Q18: Research Skills Agree 14.3 100.0 66.7 38.5 69.2 100.0 38.5 38.5
Disagree 14.3 0.0 33.3 23.1 7.7 0.0 46.2 15.4

Q19: Communication Skills Agree 100.0 88.9 100.0 100.0 100.0 76.9 84.6 84.6
Disagree 0.0 0.0 0.0 0.0 0.0 15.4 0.0 7.7

Q20: Teamwork and Collaboration Agree 85.7 88.9 66.7 84.6 92.3 76.9 69.2 76.9
Disagree 14.3 0.0 0.0 7.7 7.7 0.0 15.4 0.0

Q21: Code Reviews Agree 85.7 33.3 66.7 69.2 53.8 30.8 46.2 53.8
Disagree 0.0 22.2 0.0 0.0 7.7 23.1 15.4 0.0

Q22: Argumentation Agree 57.1 100.0 66.7 30.8 46.2 61.5 23.1 38.5
Disagree 14.3 0.0 33.3 23.1 7.7 7.7 23.1 7.7

Q23: Explaining Ideas Agree 100.0 100.0 66.7 100.0 92.3 92.3 76.9 76.9
Disagree 0.0 0.0 33.3 0.0 0.0 7.7 7.7 15.4

Q24: Intercultural Skills Agree 71.4 66.7 66.7 84.6 92.3 76.9 76.9 69.2
Disagree 14.3 0.0 0.0 0.0 0.0 7.7 7.7 7.7

Q25: Conflict Resolution Agree 71.4 44.4 100.0 100.0 92.3 46.2 53.8 61.5
Disagree 0.0 22.2 0.0 0.0 0.0 30.8 30.8 7.7

Q26: Teaching Peers Agree 71.4 77.8 100.0 69.2 76.9 53.8 46.2 61.5
Disagree 0.0 22.2 0.0 7.7 7.7 15.4 23.1 15.4

Q27: Mentoring and Coaching Agree 85.7 44.4 100.0 84.6 84.6 69.2 69.2 30.8
Disagree 0.0 11.1 0.0 0.0 0.0 15.4 0.0 23.1

Q28: Team Leadership and Management Agree 42.9 77.8 33.3 92.3 84.6 84.6 61.5 53.8
Disagree 42.9 0.0 0.0 0.0 15.4 0.0 7.7 15.4

Q29: Giving Feedback Agree 100.0 77.8 100.0 100.0 100.0 61.5 61.5 61.5
Disagree 0.0 11.1 0.0 0.0 0.0 23.1 23.1 15.4

Q30: Delivering a Presentation Agree 57.1 100.0 66.7 76.9 84.6 92.3 61.5 61.5
Disagree 0.0 0.0 33.3 15.4 0.0 0.0 0.0 7.7

Q31: Time Management Agree 85.7 100.0 66.7 92.3 92.3 84.6 92.3 84.6
Disagree 0.0 0.0 33.3 0.0 7.7 0.0 0.0 0.0

Q32: Applying User-centered approaches like participatory design Agree 85.7 77.8 66.7 46.2 61.5 69.2 53.8 38.5
Disagree 14.3 22.2 33.3 30.8 15.4 7.7 46.2 46.2
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Table 8: Papers included per group

Group Number of
papers

References

Tutors/TAs/Mentors 11 (44%) [30, 40, 67, 68, 74,
78, 83, 88, 89, 98,
121]

Faculty Training & Devel-
opment

2 (8%) [72, 92]

MSc students 1 (4%) [115]
Undergraduates/Graduates
(not TAs)

4 (16%) [5, 8, 87, 112]

Undergraduates related to
teacher training

2 (8%) [81, 128]

Teacher Training 5 (20%) [13, 50, 52, 71, 95]

With respect to teacher training, we note that most of the rel-
evant papers matching our search terms did focus on addressing
CE content in in-service teacher (re-)training, introducing Com-
putational Thinking to pre-service teachers in other disciplines,
or addressing isolated aspects of CE in single-intervention studies.
In contrast, reports on the overall design of CE courses and their
evaluation in the venues surveyed were scarce, likely reflecting the
fact that most countries either had well-established teacher training
programmes in place already or were in “bootstrapping” phases
during the time frame considered for our literature review.

Table 9 shows the number of informal resources grouped by the
targeted population as well as the online material referring to these.
Note that we did not include informal resources accompanying
formal teacher training: As discussed in Section 1, such training
is composed of a variety of courses, including general education,
and reporting only on the CE part of those would present a limited
view and skew our results. For the intent and purposes of our
working group, the relevant information could be extracted from
the textbooks used.

Table 9: Informal resources per group

Group Number of
resources

References

Tutors/TAs/Mentors 9 (43%) [1, 2, 54, 75, 76, 82,
90, 120, 122]

Faculty Training & Devel-
opment

0 (0%)

MSc students 3 (14%) [32, 66, 77]
Undergraduates/Graduates
(not TAs)

7 (33%) [39, 60, 61, 69, 109,
110, 126]

Undergraduates related to
teacher training

1 (5%) [4]

PhD students 1 (5%) [36]

3.3.1 High-Level Aims and Contents per group. In the following
paragraphs, we outline the courses’ high-level aims and contents
collected and listed together for each of our groups of interest.

Tutors/TAs/Mentors. Use of TAs is one way to help with scaling
of CS courses. The aims of TA training were to improve the teaching
effectiveness of TAs, to build community, and to promote inclusivity.
Topics included:

• Basic terminology in CE.
• Learning theory basics: Cognitive load, constructive align-
ment.

• Pedagogy and teaching methods: Class structure, classroom
management

• Small group discussions and role-play teaching scenarios.
• Active learning and group work.
• Observations of teaching, and demonstration and feedback
on teaching.

• Diagnostic teaching.
• Assessment, grading and feedback, and rubrics.
• Teaching scenarios, instructional design for TA-led interven-
tions.

• Inclusive teaching, equity and diversity, microaggressions,
stereotypes, and biases

• Professionalism and Ethics, and Roles and Responsibilities.

Faculty. CE courses aimed to equip faculty with an understand-
ing of pedagogical frameworks and theories and learner-centred
issues. Specifically, the aim was to help faculty understand theories
of intelligence (growth vs fixed mindset) emphasising the impor-
tance of promoting a growth mindset as well as issues relating to
recruitment and retention of women and underrepresented groups
and promoting interactions among and with computing students.

High-level topics included:

• Production of meaningful content for students.
• Collaborative learning and inclusive pedagogy strategies.
• Classroom management for diverse populations.
• Stereotype threat and unconscious bias.
• Growth and fixed mindset.
• Knowledge of multiple CS-specific teaching approaches.

MSc Students. Courses received by these students are mostly
focused on preparing them for becoming academics. However, these
courses could also serve students pursuing a PhD in CE. Two main
aims drive how CE is approached to MSc Students. On the one
hand, there is an interest in CE research, focusing on research
methods, e.g. dealing with the congruence that the elements of a
CS research study must have. On the other hand, these students are
taught about the teaching CS, providing detailed instruction and
practice. Thus, the focus is on fundamental concepts concerning
how students learn CS and on how the subjects are taught. These
aims are reflected in the following list of topics:

• Knowledge of some historical, epistemological and ethical
aspects of CS as a scientific discipline and of the motivations
underlying the necessity of its teaching.

• Ability to organize laboratories, classroom equipment, and
to integrate students’ devices as useful tools for learning.

• Equity and diversity.
• Knowledge of research methodology: the techniques and
their applicability.
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• Knowledge of the main cognitive difficulties in learning CS
(with particular focus on programming), and of possible
strategies to adopt to overcome them.

• Ability to formulate and manage learning paths consistent
with national standards and curricula related to CS in schools
of all levels.

• Understanding of pedagogical aspects and learning theories
in the context of CS teaching.

Undergraduates/Graduates (not TAs). This category includes courses
that introduce core topics in CE Research to potential CS Ed re-
searchers and courses aimed at students who want to better un-
derstand their own education or who are considering becoming a
teacher, as well as those who want to put evidence-based teaching
techniques into practice in their work as peer mentors, teaching
in a summer camp or local schools, developing curricula, advising
CS teachers or educational organizations, future outreach efforts,
or other classroom environments not specifically tied to a role as a
TA. Topics include:

• Cognitive science, pedagogy and learning theories.
• Curricular design activities and real-world practice.
• Learning objectives and assessment.
• Instructional design, designing courses and assignments
• Motivation and affect.
• Environments for learning programming.
• How novices learn to program.
• How people learn CS concepts.
• Computing for other disciplines.
• CS curriculum and curriculum design.
• Learning programming.
• K–12 CE and outreach.
• Programming paradigms.

Courses focused on enabling students to do CS Ed research also
included:

• research methodologies used in CE
• statistical methods
• qualitative methods
• how to read and critically examine CS Ed Research papers
• how to plan and carry out a CS Ed research project

Undergraduates aiming for a teaching career or on a teaching track.
The primary objective of CE courses offered to this category was
to equip students thoroughly for teaching and managing their own
classes through highlighting key aspects of pedagogy and teaching
methods in CS, tools and learning environments, learner-centered
issues and providing them with field experience. High levels topics
include:

• Field-related activities.
• Interacting with students and teachers, lesson plans, and
differentiating instruction.

• Feedback.
• Equity.
• Computational Activities (e.g., online CS resources, block-
based programming, computational tools and robotics)

• Pedagogical Activities to learning CS.

PhD Students. Courses offered to these students focus their at-
tention on gaining knowledge, competencies and skills needed to
participate and set up research in the area of CE. High levels topics
of these courses include:

• Learning theory: Constructivism.
• Active learning, e.g., flipped classroom and project-based
learning.

• Online learning, MOOCs.
• Learner-centered design of instruction.
• Teachers’ beliefs and motivational orientations.
• Technology in education.
• Employability and professional skills.
• Participation.

Teacher training. We analyzed the papers found through our
literature review and merged the topics identified with the core
curriculum suggested by Ragonis and Hazzan [52, 93] resulting in
the following list:

• Assessment.
• CE Research.
• Classroom climate.
• Course planning.
• Definition and history of the discipline.
• Diversity.
• Fundamentals of Learning Sciences.
• Goals of and curricular requirements for teaching CS in
schools.

• Hands-on activities with feedback.
• Intervention design.
• Learning techniques and methods (e.g., unplugged activities
and peer evaluation).

• Methodological aspects of teaching specific topics.
• Projects.
• Setting and reflecting upon competence-oriented goals.
• Subject-matter specifics.
• Teaching methodologies.
• Tools and learning environments in CS.
• Topics of and challenges to CE in schools.
• Transferring general educational principles to CE.

3.3.2 Concluding remarks. As seen above, we have collected a
large range of topics covered in the considered CE interventions,
either documented in the literature or identified through less formal
means. Based on this material, we can observe that some areas of
interest are deemed to have a broader scope than others, i.e. occur
in the lists of diverse target groups. This is the case, in particular,
for the matters related to instructional design, general learning the-
ory and inclusive teaching. However, also learning environments,
assessment, providing feedback and CE research issues seem to play
some “transversal” role.

Perhaps unsurprisingly, instructional design, learning theory and
inclusive teaching reached appreciable rates of agreement also in
the Delphi process. On the other hand, whilemetacognition has been
highlighted in the interviews and reported as a meaningful learning
strategy by some Delphi participants, there is scarcely any clear
reference to how to develop metacognitive skills in the identified
resources. Similarly, the role of developing abstraction appear to
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be downplayed, whereas being able to reason at different levels of
abstraction has been deemed as important by Delphi participants in
connection with both the approaches to teaching and the difficulties
faced by learners.

4 SAMPLE COURSES AND CONTEXTS
Through the literature review and the Delphi study, we have iden-
tified a number of high-level topics that should be considered for
inclusion in a course in computing education, depending on the tar-
get group(s) for the course. Synthesising this work, we now present
exemplar curricular outlines for two of the groups we focused on
in this study.

4.1 TA/Tutor Training Course
Figure 2 gives an overview of a possible course for TAs/tutors, with
a partial order of the topics to be included. Note that this is only
meant as an example of how to use the results of this working group.
Different courses for TAs may emphasize different aspects of the
topics and also choose a different ordering of the topics, depending
on their local context.

To arrive at the course structure in Figure 2, we used the follow-
ing 3 sources presented in the results section:

(1) Tables Q1–Q32 in Appendix A
(2) Table 7
(3) Literature Review in Section 3.3.1

We included topics that had reached an agreement in more than
one of the above Delphi sources (1–24) or had reached an agreement
in one of these and were also reported in the literature.

This resulted in a set of CE topics, represented with white boxes
in Figure 2, and soft skills/general professional competencies, rep-
resented with coloured boxes in Figure 2. Please note that these
skills/competencies can be practised during activities that address
different topics — the figure provides only one of the multiple
possibilities. After identifying the topics, we discussed a possible
ordering based on the experiences from our local contexts and from
the work done in this working group.

As seen from Figure 2, this example course consists of four main
modules: 1) society, ethics and computing, 2) a theoretical part in-
cluding both general learning theories and more CS-specific topics,
3) practical aspects of teaching CS, and 4) assessment and grading
theory and practice. These modules may be taught in sequence, but
could also be interleaved to achieve a tighter integration between
theory and practice. The soft skills (coloured boxes) may be added
to the different CE topics in various ways, where Figure 2 depicts
one way of doing this. Within an undergraduate programme, one
single course cannot be responsible for all the soft skills considered
to be important. As seen in the figure, for this particular example
course we decided not to include teamwork & collaboration, team
leadership & management, time management and teaching peers,
but leave that to other courses in the programme.

4Note that Table 7 is seen as two merged tables: one referring to CSE ratings and the
other one to the specific groups of our Delphi participants encompassing the roles of
TA, PhD, and Industry.

4.2 Industry-Focused General Undergraduate
Course

Using the same process as above, a second sample course structure
for general undergraduates focusing on topics relevant to working
in the industry was created, with the result shown in Figure 3.
Again, this course consists of four modules, where the first two
related to society and ethics, and related to learning computing are
similar to the ones for TA/tutor training, but without the focus on
the general learning theories. Furthermore, instead of theory and
professional competencies related to working as a TA/tutor, the
general undergraduate course focuses on professional competencies
that were found to be relevant for work in industry, including
research skills.

Considering the sample courses derived from the intersection of
the literature review and the Delphi study, in connection with the
arguments presented in section 3.2, it is noteworthy that a good
alignment exists. To reiterate, our interview participants under-
scored the significance of Computing Education (CE) courses for
students aspiring to pursue a career in industry: Software Engi-
neering (SE) entails both formal and informal teaching activities,
the development of instructional materials, and demands essential
communication skills, coaching, and mentoring. While the course
outline depicted in Figure 3 may not directly engage these students
in teaching methods, it does afford them the opportunity to com-
prehend various facets associated with teaching and learning. This
includes aspects related to cognition and affect, issues surround-
ing inclusion and diversity, and the acquisition of skills vital for
effective communication, mentoring, coaching, articulating ideas,
providing feedback, and delivering presentations.

Similarly, interview participants stressed the pertinence of CE
courses for students aiming to assume a Teaching Assistant (TA)
role. These courses, the participants argued, could serve to en-
hance teaching quality and retention by equipping students with
training in assessment techniques, pedagogy, and subject-specific
educational skills. As Figure 2 illustrates, TAs are presented with
a valuable opportunity to immerse themselves in a multifaceted
learning experience. This includes delving into topics related to
assessment such as grading and feedback, as well as pedagogical,
addressing various teaching methodologies and approaches, and
learning and instructional theories which span a wide spectrum,
ranging from broader topics to subject-specific nuances.

5 DISCUSSION AND CONCLUSIONS
At the outset of this study, we stated three research questions:
RQ1: What are arguments in support of introducing CE in under-

graduate CS programmes?
RQ2: What are topics that different stakeholders, including, but not

limited to, instructors, researchers, and employers consider
both important and fitting for an undergraduate audience?

RQ3: What are current practices in teaching CE to undergraduate
audiences?

We will now explore these questions in light of the results from
the three major activities of our working group, leading on to
discussion of the example course outlines that have been presented,
and concluding with our overarching observations and expectations
for future work.
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Figure 2: High-level contents for one possible Computing Education course targeted at TAs/tutors

5.1 RQ1 – Arguments
In our draft arguments, we had seven categories representing seven
lines of argument. Spread between these, we had a further 28 state-
ments that fleshed out these categories and lines of argument. The
thematic analysis of our interviews with stakeholders resulted in
18 themes which matched well to our arguments. The discussion
will center on the comments of two groups of respondents – the
academics, and the rest. The academics understand the internal
workings of university departments deeply, and so are in a good
position to advise on blocks or opportunities at that level, whereas
the other stakeholders were able to give us perspectives and oppor-
tunities to reflect on our own, probably biased, thinking.

We discuss the academics’ advice here, and the other stake-
holder’s perspectives are considered as part of an overall discussion
in Section 5.5. While we had mainly presented positive arguments

for the inclusion of CE courses, our academic respondents noted
that our arguments would not be universally applicable depending
on the department. For example, some programmes predominantly
consist of a fixed set of modules or courses, and it would be much
harder to add in a new CE course to such a programme compared
to one where there was student choice among a large range of
optional modules or courses. At the same time, some departments
make little use of undergraduate TAs/tutors besides using them for
grading and so would not immediately warm to our undergraduate
TA/tutor argument. Potentially, however, a twin argument could
be made based on the value of such teaching support alongside the
necessary mechanism to prepare for it, and on teaching loads of CE
academics already being too high. Some of these arguments could
be addressed by considering limited CE input placed within another
important course. For example, the industry-facing course outline
we have proposed here serves both to introduce a little CE material
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Figure 3: High-level contents for one possible Computing Education course targeted at undergraduates aiming for industry

while also covering essential soft-skills material appropriate for
software engineering students.

The academics were also able to point us towards persuasive
arguments that could be effective in the longer term. A particu-
lar strand here is the inclusion of CE within degree accreditation
processes. Not all institutions attempt to accredit their degrees, of
course, but for those that do, CE skills and competences are seen as
an important aspect of their students’ employability. We were sur-
prised to find that the accrediting body included in our stakeholder
group held strong views about this, already recognising educational
contribution towards their fellowship awards, and were open to
considering CE aspects in degree programme accreditation. We
note that – although not an official accreditation mechanism – the
ACM’s decennial curriculum report is a strong persuader about
what should be included in a computing department’s curricula
and, at the time of this writing, the drafts for the ACM Comput-
ing Curricula 2023 make no mention of CE as a knowledge area.
We hope that we do not need to wait until the ACM Computing
Curricula 2033 before CE is acknowledged in this way.

5.2 RQ2 – Stakeholder CE Topics
The Delphi process produced 19 high-level categories for consid-
eration in CE courses in undergraduate CS programmes. Along
with the examples given, this is a clear demonstration of how much
there is that could be covered in a programme of CE courses.

While reviewing the broad range of data presented in sect. 2.3, we
were reminded of Kafai et al.’s [59] structuring of CT courses into
three shells of activity – and we wonder whether there is a similar
high-level structuring activity here also. For example, there are
cognitive and non-cognitive aspects to learning, both general and
discipline-specific. These represent core aspects of how learning
works, and what can aid and abet successful learning in CS. Then
there are teaching mechanisms and approaches used to support
learning – again these have both general and discipline-specific
aspects. Also, there are aspects that are less close to the core, or even
overlap with other areas, for example, historical aspects, society and
ethics, and the broad range of professional competencies. Finally,
one might argue about whether the professional competencies lie
at the core as well, but split apart from those directly related to how
learning works.

This breadth and potential structuring allows for both early
adoption and steady growth in the longer term of CE provision
– with more in-depth topics being available for continuation at
graduate level as well. For the early adoption, however, we could
provide just one course that captures key elements of learning and
of teaching delivery, as appropriate for the context. We hope that
this foot in the door would, as staffing and attitudes improve, lead
to expansion towards a larger programme. Such a structuring, or
taxonomy, of the content is left for future work.

The value of the wider stakeholder groupwas evident in enabling
us to reflect on our own views and attitudes. This was apparent
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when we explored academics’ ratings of the importance of the
proposed high-level categories for particular target groups against
the ratings of those groups towards themselves. That is, for example,
comparing what an academic thinks about the importance of a
topic to industry against what an industry person says about its
importance to industry. We uncovered a number of significant
differences here, highlighted in Table 7.

5.3 RQ3 – Current Practices
Our structured reviews resulted in 25 courses described in academic
publications and 21 courses presented informally, e.g., on web pages.
By far the largest proportion of these courses is focused on tutors,
teaching assistants, and mentors. This is perhaps unsurprising as
such courses service an urgent practical need in a department.
By comparison, the number of courses for non-TA undergraduate
students is only half this (11, compared to 20); we note that several of
them are exemplars for teacher training courses on undergraduate
level and thus representative of a larger body of such courses. We
do note a higher proportion of such courses in the informal courses
review (7 compared to 9) – but speculate that those who have
committed to this working group are also likely to be those who
would know informally of courses like this.

Considering the different kinds of course outlines that we identi-
fied from these roughly 50 courses, we note the somewhat limited
theoretical foundations in the TA training outline. In this, we re-
member argument interviewee CS-2’s comments about how little
the TAs engaged with theoretical foundations in their course –
where there was no credit for the course and they were keenest to
simply learn what was necessary to get the job done – in partic-
ular, the development of a rubric and grading practices generally.
Underneath this characteristic may be a recognition that – more
often than not – TAs are employed with a strong focus on grad-
ing (as opposed to teaching) and that TA work thus is not always
appreciated other than as a source of income. Also, some courses
are taught in a compact way, e.g., as one-week onboarding courses
prior to the start of the academic term. More detail on the variation
in TA courses is given in [78].

A combination of a credit-bearing course, with appropriate mo-
tivation and history of success among students, and subsequent TA
work that allows for putting the CE content learned into teaching
practice would certainly raise interest in the study of computing
education for its own sake, and help to address this avoidance of
underlying theory.

We see common components across most of the course outlines,
and recognise that in the longer term, this perhaps gives weight to
the idea of a common introductory course, or common materials,
that can then be followed by specialisations that go into more
depth in the particular area. The common introduction provides
an opportunity to lay out the wider CE area more fully, giving
learners a clear picture of their options while preparing them for
more immediate and focused CE activity.

5.4 Sample Courses
The results of the three studies were used to produce two sample
courses — see Figures 2 and 3. We see these figures as a way to start
both a discussion among all stakeholders and an internal reflection

within our research community. For example, the industry-facing
sample course in Figure 3 features a high proportion of so-called
soft-skills material. In a paper about CE courses, this may seem
surprising – but the key is that this course is framed from the
perspective of what our expert panel agreed that a software en-
gineering person needs. However, the understanding provided by
the CE elements is well suited to develop their soft-skills ability
in a industry-specific context. We proposed other arguments for
the importance of CE content for industry in our prompt list for
interview, such as improved ability to develop documentation and
user guides, and work on a help desk, and these are captured in
elements of the third component of the sample course. All of this
aligns well with Begel and Simon’s landmark paper [7] about the
task loading of novice software developers who have just graduated
and are in the first six months of their first job: over 50% of their
time typically was spent on communication and documentation.

An examination of the sample course in Figure 2 prompts con-
sideration of developmental stages and learning frameworks, e.g.
[96, 97, 127], and similarly for the course outlines presented in Sec-
tion 3.3. In both cases, significant exploration of the content that
computing instructors should be delivering is not evident – instead,
the material covered is mainly learning theories and strategies,
pedagogy/teaching techniques, and logistics. That is, educational
considerations about which subject matter topic should be pre-
sented does not stand out. Of course, we cannot expect one, or even
a few, CE courses to cover everything that should be taught. But
understanding, for example, developmental sequences for introduc-
tory computing is important. Repeating SS-2’s quote in Section 3.1
“[Computing] people do not reflect. They do not do the meta-cognition,
they do not reflect on how they learnt it. So you ask them. It’s like
trying to get a squirrel to explain centre of mass to you. They demon-
strate it all the time, but they cannot articulate it. . . ”. That is to say,
typical instructors in computing are unlikely to have sat through
introductory computing classes that made evident a really clear
developmental sequence; most are likely to have largely taught
themselves. The issue here is that while CE research has explored
these aspects, they are not obvious, or well-known, to typical ed-
ucators and hence should be included in the kinds of courses we
espouse. An example of the kind of computing content being re-
ferred to here is Schulte’s Block Model [102], which is a framework
that breaks down the skill of code comprehension (an essential
component of the content a novice must learn) into a number of
components. Note this is computing content, not learning theory,
nor teaching technique.

Having made this observation about the apparent lack of such
content, we went back to the TA model in Figure 2 and identified
the “Teaching Methods in Computing” component, and then flipped
to Table 6 and identified the high-level category “TeachingMethods,
Approaches to Teaching Programming”. In the concrete examples
that had been provided by the Delphi participants, we saw a mix
of the kind of content noted here (Program Comprehension — e.g.
Block Model — Programming Problem-solving, Reasoning in Pro-
gramming, and Levels of Abstraction) and also teaching methods
or techniques (Pair Programming and PRIMM).

In both cases, the sample courses have provided an opportunity
for thoughtful reflection on our understanding of CE and related
courses.
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5.5 Conclusions and Next Steps
With this work, we have come a step closer to satisfying Denning’s
three charges – (1) providing a definitional description of CS as
a research field on its own, (2) devising a teaching paradigm for
CS aligned with standards and quality criteria in other established
fields, and (3) outlining how CS could be taught in undergradu-
ate education – but as applied to the curricular embedding of CE,
rather than CS. We argued in the introduction that the first of these
was already satisfied. For the second, the devising of a teaching
paradigm for CE, we have drawn on the literature and identified a
number of course structures to suit different targets, and developed
two samples of our own. For the third, outlining how CE could be
taught, we have sought the opinions of stakeholders via the Delphi
process, and also the literature and course materials, in order to
identify a wide range of content for CE courses.

This report can be thought of as a kind of manifesto for CE
courses in undergraduate programmes, or as source material for
such a manifesto, to be used to persuade a university department
to adopt CE courses. As such, the original arguments list used to
prompt interviewees was ordered by how persuasive we thought
the arguments would be with a typical departmental leadership
team, most persuasive first. Hence, the potential for CE courses
to improve the quality of undergraduate TAs/tutors is at the top,
as improved course outcomes and student satisfaction seemed to
us a strong motivation for any department. This was followed by
arguments pertaining to most or all undergraduates, before moving
to advocating for the likelihood of increased teacher recruitment
and quality. At the bottom, we noted the likely enhancement to
the ecosystem for CE within academia, placing this last because it
seemed the most narrowly-focused.

However, and to our surprise, the external support we have re-
ceived suggests that CE should be recognised on a much wider scale
as an essential component of the academic computing infrastruc-
ture, both in research and teaching, and also for industry. NTL-1,
from a national schools education agency, said “For me, it seems like
everyone would do something like this in an undergraduate course
. . . Your uni would be undertaking effective approaches to learning,
teaching, to deliver computer science education. I just thought that
was a given.” SS-1, from a national scientific society involved in
accreditation, noted that “if you stand back and think about con-
tributing to the discipline, your professional community, all those sort
of things that I talked about in relation to [professional accreditation],
then the whole education piece is directly relevant.” (for example, see
recent work on CS degree accreditation in the UK [24, 57]). SS-2,
from the same society, added “I welcome this because I think the
future of all this is the braided career – and people will move between
teaching, academic, and industry.” From an industry perspective, SS-
1 added “obviously, teaching is about translating what you know into
consumable chunks [which is like] people communicating effectively
with their board. Or with that senior leadership team – where we know
there is often a disconnect between the IT team and the leadership of
an organisation.”. SS-2 suggested that this might be an effective way
of gaining real cultural change in the IT industry: “because the IT
industry is so not diverse and has such an issue particularly around
education, then developing those skills you’d get as part of becoming
an educator might actually also make the cultural change happen –

because of understanding that people are different and learn in dif-
ferent ways. People communicate in different ways. People thrive in
different ways. I think [the IT industry] is awakening to the different
difficulties – but they’re not actually doing anything different.” These
quotes all suggest that our well-positioned external interviewees’
place a high value on CE.

And hence, in our external stakeholders’ eyes, the last argument
we made, about the ecosystem, was one of the most important,
whereas we had downplayed it. Rather than finding arguments that
enable us to get CE in via the side door, we should be embracing
and promoting CE as at least as important as other areas. Those
external to us are seeing the importance of CE, so we, that is, the
larger discipline of CS, should be also. We speculate that inertia
alone is keeping us both small and hidden, behind historic academic,
educational and financial walls: from an academic point of view,
we are not universally accepted within either CS or Education
departments; educationally, in many CS departments, successful
CE academics’ research is tolerated but not embraced amid an
expectation of high teaching loads compared to other computing
academics, or else CE is not accepted at all; and financially, funding
for CE research is highly variable – for example, while the US seems
to have a reasonable funding regime, the UK has almost none.

Hence, our next steps may call on a level of evangelism. One
route is to show the success of adopting course models such as we
have shown. Indeed, two of the authors already teach TA/mentor
courses and another, the broader introduction to CE style of course
we espouse; and three of the authors are working together to intro-
duce instances of this kind of course in the coming year, including
theoretical foundations, practical elements, and opportunities for
research preparation and activity. With some experience under
our belts, and course outlines and materials on offer, we may then
offer a multi-institutional, multi-national experience for, say, 10–
15 academics to work together over a two-year period to deliver
these courses, via the UKICER conference’s RIPPA programme [29].
These activities will enable us to address Clements’s research-based
evaluation phases 6–10 [19], introduced in section 1, and any find-
ings can be fed into our on-going understanding of CE courses,
as encouraged by Clements’ curriculum development framework.
Furthermore, as suggested by some of our interviewees, identifying
core elements everyone should be learning and starting to charac-
terise a subject-specific pedagogy would significantly contribute
to the acceptance of CE in the context(s) of undergraduate CS
programmes. Perhaps these types of changes will be increasingly
feasible and tractable in a world in which we are trying to better
understand the emerging impact and ramifications of generative
AI [41, 91] as part of a post-COVID “new normal” [23, 27], where
there is a renewed focus on high-quality learning, teaching and
assessment, and specifically what this means for effective pedagogy
and practice in CS and CE [106, 107]. Ultimately, we hope that an
open international community of practice will form around this
work.
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A DELPHI RESULTS
The tables in this appendix report the final results (after the third
round) of the Delphi process in terms of rate of agreement on the
importance of the 32 topics identified in sect. 3.2. Participants were
asked to rate the importance of these topics for each of the (future)
roles of undergraduate students: tutors/teaching assistants (TA),
teachers/faculty (TT), researchers (R), industry (I), and general un-
dergraduate students (UG) on a 5-point Likert scale from 1 (not
important) to 5 (very important). The tables below show the per-
centage of overall agreement/disagreement on the importance of
each theme (ratings of 1–2 were counted as "disagree" and ratings
of 4–5 were counted as "agree") as well as the Mean, Median and
Mode.

A.1 Categories listed in Table 6 apart from
"Professional Competencies"

Q1: Learning Strategies
(e.g., Metacognition & self-regulation, Reflective
Thinking, Self-learning, Self-explanations,
Argumentation)

TA TT R I UG
Disagree 2.7 0.0 0.0 16.2 10.8
Agree 81.1 89.2 86.5 51.4 64.9
Mean 4.3 4.4 4.4 3.6 3.9
Median 5 5 5 4 4
Mode 5 5 5 3 5

Q2: Learning & Instructional Theories
(e.g., constructivism/constructionism, sociocultural &
sociological perspectives, multiple conceptions theory,
critical consciousness, cognitive load theory, theory of
multimedia development, nudge theory, learning styles
direct instruction)

TA TT R I UG
Disagree 8.1 2.7 5.4 37.8 45.9
Agree 51.4 83.8 78.4 16.2 21.6
Mean 3.8 4.4 4.3 2.7 2.6
Median 4 5 5 3 3
Mode 3 5 5 3 3

Q3: Cognitive processes in learning programming
(e.g., mental models, notional machines, cognitive load
theory, memory, schemas & plans)

TA TT R I UG
Disagree 2.7 5.4 5.4 43.2 21.6
Agree 78.4 86.5 70.3 37.8 45.9
Mean 4.3 4.5 4.2 2.9 3.5
Median 5 5 5 3 3
Mode 5 5 5 2 3

Q4: Non-cognitive or affective dimensions of
learning
(e.g., growth mindset, motivation, attitudes towards
CS, CS identity, sense of belonging)

TA TT R I UG
Disagree 2.7 5.4 5.4 16.2 13.5
Agree 78.4 83.8 73.0 51.4 56.8
Mean 4.3 4.6 4.1 3.6 3.8
Median 5 5 5 4 4
Mode 5 5 5 5 5

Q5: Broad Teaching Methods & Approaches
(blended learning, Socratic questioning, peer learning,
semantic waves, culturally relevant and equitable
pedagogy, taxonomies and hierarchies of knowledge
and understanding, summative and formative
feedback)

TA TT R I UG
Disagree 8.1 5.4 13.5 48.6 45.9
Agree 67.6 91.9 64.9 35.1 29.7
Mean 4.1 4.6 3.8 2.8 2.9
Median 4 5 4 3 3
Mode 5 5 5 2 2

Q6: Teaching Methods & Approaches to teaching
Computing/Programming
(pair programming, PRIMM, program
comprehension-Block Model, programming problem
solving, reasoning in programming, strategies for
debugging, levels of abstraction)

TA TT R I UG
Disagree 0.0 0.0 8.1 40.5 24.3
Agree 89.2 97.3 64.9 40.5 51.4
Mean 4.5 4.7 4.0 3.2 3.5
Median 5 5 4 3 4
Mode 5 5 5 2 5

Q7: Activities/Tools for learning programming
(worked examples, Parsons puzzles, explain in plain
English, tracing code)

TA TT R I UG
Disagree 2.7 2.7 13.5 40.5 18.9
Agree 89.2 97.3 51.4 29.7 51.4
Mean 4.4 4.7 3.6 2.8 3.6
Median 5 5 4 3 4
Mode 5 5 3 3 5
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Q8: Learning Difficulties in Programming
(e.g., threshold concepts, misconceptions, problem
solving & reasoning, levels of Abstraction, thinking
computationally)

TA TT R I UG
Disagree 8.1 2.7 5.4 24.3 8.1
Agree 91.9 91.9 70.3 48.6 59.5
Mean 4.5 4.8 4.2 3.4 3.9
Median 5 5 5 3 4
Mode 5 5 5 3 5

Q9: Diversity & Inclusion
(e.g., Microaggression, Implicit Bias, Stereotype Threat,
Stereotypes, Unconscious Bias, Gender Differences,
Accessibility, Sociological Theories like Bourdieu,
Neurodiversity)

TA TT R I UG
Disagree 8.1 2.7 0.0 10.8 10.8
Agree 83.8 89.2 78.4 64.9 54.1
Mean 4.3 4.6 4.4 3.9 3.8
Median 5 5 5 4 4
Mode 5 5 5 5 5

Q10: Society and Ethics in Computing
(e.g., Societal impact of Technology and Computing,
Ethics issues involved in teaching like conflict of
interest, Responsible computing practices,
Accessibility)

TA TT R I UG
Disagree 13.5 8.1 0.0 13.5 2.7
Agree 62.2 81.1 81.1 67.6 70.3
Mean 3.9 4.4 4.3 3.9 4.1
Median 4 5 4 4 4
Mode 5 5 5 5 5

Q11: Course Planning
(Curriculum design, Policy and CS Curricula, Course
Design, Planning and delivering a lesson or a session)

TA TT R I UG
Disagree 8.1 0.0 35.1 67.6 73.0
Agree 54.1 91.9 35.1 13.5 18.9
Mean 3.8 4.8 3.0 2.3 2.2
Median 4 5 3 2 2
Mode 3 5 3 2 1

Q12: Course Management
(Behavioral Management, Classroom Management)

TA TT R I UG
Disagree 5.4 5.4 45.9 70.3 73.0
Agree 75.7 86.5 27.0 16.2 13.5
Mean 4.2 4.6 2.7 2.1 2.1
Median 4 5 3 2 2
Mode 5 5 2 1 1

Q13: Assessment
(Exam design, Formative and Summative assessment
design, Tools for assessment)

TA TT R I UG
Disagree 10.8 2.7 27.0 59.5 48.6
Agree 67.6 97.3 54.1 21.6 18.9
Mean 4.0 4.8 3.5 2.4 2.4
Median 4 5 4 2 3
Mode 5 5 5 1 1

Q14: Grading
(Providing Formative and summative feedback,
Grading and Rubrics)

TA TT R I UG
Disagree 5.4 2.7 32.4 59.5 43.2
Agree 78.4 94.6 40.5 21.6 37.8
Mean 4.2 4.8 3.1 2.5 2.8
Median 5 5 3 2 3
Mode 5 5 3 2 4

Q15: Engaging with students
(e.g., Responding to students, Generating discussions,
Student engagement)

TA TT R I UG
Disagree 0.0 0.0 24.3 37.8 29.7
Agree 97.3 100.0 51.4 35.1 45.9
Mean 4.8 4.9 3.5 3.1 3.4
Median 5 5 4 3 3
Mode 5 5 5 3 5

Q16: Technology in Education
(Developing educational software/technology,
accessibility, online learning platforms, learning
management systems, chatbots, user-generated
content (e.g., internet forums))

TA TT R I UG
Disagree 18.9 10.8 5.4 24.3 27.0
Agree 56.8 75.7 56.8 51.4 43.2
Mean 3.6 4.1 3.9 3.5 3.4
Median 4 4 4 4 3
Mode 4 5 5 5 3
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Q17: History and Nature of Computing and CE
TA TT R I UG

Disagree 32.4 16.2 21.6 54.1 29.7
Agree 24.3 54.1 64.9 21.6 37.8
Mean 2.9 3.5 3.8 2.4 3.1
Median 3 4 4 2 3
Mode 3 3 5 1 3

Q18: Research Skills
(e.g., qualitative and quantitative designs, research
methods, research methodology (e.g.,
phenomenography, phenomenology), reading &
understanding academic papers, practice academic
writing, practical experience of the whole research
cycle, current trends of research in CE, communicating
research findings, reflecting on research findings)

TA TT R I UG
Disagree 29.7 10.8 0.0 37.8 13.5
Agree 32.4 64.9 100.0 37.8 51.4
Mean 3.2 3.9 4.9 2.9 3.7
Median 3 4 5 3 4
Mode 3 5 5 3 3

A.2 Topics related to "Professional
Competencies"

Q19: Communication skills
TA TT R I UG

Disagree 0.0 0.0 5.4 2.7 2.7
Agree 97.3 97.3 81.1 86.5 81.1
Mean 4.8 4.9 4.3 4.4 4.2
Median 5 5 5 5 4
Mode 5 5 5 5 5

Q20: Teamwork and Collaboration
TA TT R I UG

Disagree 8.1 8.1 2.7 5.4 5.4
Agree 83.8 86.5 81.1 78.4 78.4
Mean 4.2 4.3 4.2 4.3 4.3
Median 4 5 4 5 5
Mode 5 5 5 5 5

Q21: Code Reviews
TA TT R I UG

Disagree 13.5 13.5 35.1 18.9 8.1
Agree 64.9 56.8 27.0 62.2 62.2
Mean 3.8 3.7 2.9 3.9 3.9
Median 4 4 3 4 4
Mode 5 5 3 5 5

Q22: Argumentation
TA TT R I UG

Disagree 16.2 13.5 2.7 21.6 8.1
Agree 56.8 64.9 83.8 51.4 59.5
Mean 3.8 3.9 4.4 3.6 3.8
Median 4 4 5 4 4
Mode 5 5 5 5 5

Q23: Explaining ideas
(e.g., solution to a problem)

TA TT R I UG
Disagree 0.0 0.0 2.7 5.4 5.4
Agree 97.3 94.6 94.6 70.3 86.5
Mean 4.8 4.8 4.6 4.2 4.4
Median 5 5 5 5 5
Mode 5 5 5 5 5

Q24: Intercultural Skills
TA TT R I UG

Disagree 5.4 5.4 2.7 5.4 5.4
Agree 81.1 86.5 64.9 67.6 59.5
Mean 4.2 4.3 3.9 4.0 3.8
Median 4 5 4 4 4
Mode 5 5 4 5 3

Q25: Conflict Resolution
TA TT R I UG

Disagree 5.4 5.4 27.0 21.6 13.5
Agree 83.8 83.8 43.2 64.9 51.4
Mean 4.3 4.4 3.4 3.8 3.6
Median 4 5 3 4 4
Mode 5 5 3 5 3

Q26: Teaching Peers
TA TT R I UG

Disagree 10.8 13.5 16.2 16.2 16.2
Agree 67.6 67.6 51.4 56.8 51.4
Mean 4.1 4.1 3.6 3.6 3.5
Median 4.5 5 4 4 4
Mode 5 5 3 4 3

Q27: Mentoring and Coaching
TA TT R I UG

Disagree 2.7 0.0 13.5 13.5 27.0
Agree 78.4 81.1 51.4 67.6 32.4
Mean 4.3 4.4 3.6 3.9 3.2
Median 5 5 4 4 3
Mode 5 5 3 5 3

194



ITiCSE-WGR 2023, July 7–12, 2023, Turku, Finland Quintin Cutts et al.

Q28: Team Leadership & Management
TA TT R I UG

Disagree 21.6 18.9 5.4 10.8 21.6
Agree 70.3 75.7 59.5 62.2 48.6
Mean 3.6 3.9 3.8 3.9 3.5
Median 4 4 4 4 3
Mode 4 5 5 5 3

Q29: Giving Feedback
TA TT R I UG

Disagree 0.0 0.0 21.6 18.9 24.3
Agree 97.3 100.0 62.2 67.6 48.6
Mean 4.8 4.8 3.7 3.8 3.5
Median 5 5 4 4 3
Mode 5 5 4 5 5

Q30: Delivering a Presentation
TA TT R I UG

Disagree 10.8 0.0 2.7 5.4 5.4
Agree 75.7 89.2 89.2 73.0 67.6
Mean 4.2 4.7 4.5 4.1 4.0
Median 5 5 5 4 4
Mode 5 5 5 5 5

Q31: Time Management
TA TT R I UG

Disagree 0.0 2.7 5.4 5.4 2.7
Agree 86.5 86.5 86.5 81.1 81.1
Mean 4.4 4.4 4.4 4.3 4.4
Median 5 5 5 5 5
Mode 5 5 5 5 5

Q32: Applying User-centered approaches like
participatory design

TA TT R I UG
Disagree 24.3 18.9 24.3 27.0 37.8
Agree 56.8 62.2 54.1 48.6 35.1
Mean 3.4 3.6 3.5 3.4 3.0
Median 4 4 4 3 3
Mode 4 4 4 5 2
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