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Abstract The December 1970 ACM SIGCSE Bulletin published a member listing
recording three members in England, and one each in Scotland and Wales. By 1983
there was at least one member in Ireland, and by 1995 these infrequently published
member listings recorded at least one member in Northern Ireland. Well before then
authors in all of these countries had contributed to the growing volume of computing
education literature. In 1998 the third ITiCSE conference was held in Ireland. Since
then the countries in the geographically-defined British Isles have worked together in
close cooperation in advancing computing education regionally and globally, hosting
numerous ITiCSE and ICER conferences and spawning several influential research
projects and groups. The last decade has seen the establishment of two new ACM
SIGCSE Chapters (United Kingdom, and Ireland) and two new annual conferences:
the conference in Computing Education Practice (CEP) now in its 7th year; and the
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UK and Ireland Computing Education Research conference (UKICER) now in its 4th
year. In 2022 Ireland is once again hosting the 27th ITiCSE conference. This chapter
describes more than a half-century of history and growth in computing education
research within, and to come out of, these isles, combined with a scientometric study
of its outputs.

1 Introduction

In December 1970, the ACM SIGCSE1 Bulletin [53] published a member listing
recording three members in England, and one each in Scotland and Wales. By
1983, there was at least one member in Ireland [1], and by 1995 these infrequently
published member listings recorded at least one member in Northern Ireland [156].
Well before then authors in all of these countries had contributed to the growing
volume of computing education literature.
In this paper we attempt to lay out the context of Computing Education Research

in the UK and Ireland, and to examine how the context has shaped the content
of that research. The rest of the introduction sets the broad context, including the
geographical and political scope and the major CER activities and structures. Sect. 2
then explores the early history of the discipline here, from the very earliest of days
of computing and computing education. Like a group of siblings, for those outside
the family there is a strong resemblance between them, but within the family we are
perhapsmore inclined to notice the differences. So in the following Sect. 3 we explore
the variety within the nations and the different stages of education, in terms of the
education systems, and in particular computing education, and other factors that have
influenced the development of CER. Having seen where how the CER community
has been formed, we then move on to examine its outputs in Sect 4, through a
scientometric analysis of CER papers produced by authors from institutions in the
UK and Ireland. Lastly Sect. 5 discusses our findings and looks towards the future.

1.1 The British Isles

The British Isles are comprised geographically of the islands of Great Britain and
Ireland and thousands of other smaller islands. Politically these isles comprise the
United Kingdom of Great Britain and Northern Ireland (commonly referred to as
the UK), and Ireland, along with several smaller entities such as the Isle of Man and
the Channel Islands that are largely self-governing. Great Britain itself is comprised
of the countries of England, Scotland and Wales. Thus there are five large (>1m)
countries in the British Isles: England (56m), Scotland (5m), Wales (3m), Northern
Ireland (2m), and the Republic of Ireland (5m), with the first four making up the UK.

1 The Association of Computing Machinery (ACM) Special Interest Group on Computer Science
Education (SIGCSE) was founded in 1969: https://sigcse.org/about/

https://sigcse.org/about/
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The Republic of Ireland has been an independent country since 1922. Education
within the UK is devolved, with each of the four constituent nations having separate
systems and distinct approaches to policy-making [64]. This results in five different,
independent, yet broadly similar educational systems in the British Isles.

1.2 CER Activities and Structures

In 1998, the third ACM Innovation and Technology in Computer Science Education
(ITiCSE) conference was held in Ireland. Since then, the countries in the British
Isles have worked together in close cooperation in advancing computing education
regionally and globally (including major national curriculum and qualifications re-
forms), hosting numerous ITiCSE and International Computing Education Research
(ICER) conferences and spawning several influential research projects and groups.
The ACM-affiliated Workshop in Primary and Secondary Computing Education
(WIPSCE) was held in England in 2015 and Scotland in 2019. The last decade has
seen the establishment of two new local annual conferences: the conference in Com-
puting Education Practice (CEP), now in its seventh year; and the UK and Ireland
Computing Education Research conference (UKICER), now in its fourth year. In
2022, Ireland is once again hosting ITiCSE the 27th, and for the first time is hosting
UKICER.
The average SIGCSE membership for the decade 2010-2019 for the UK was 53,

representing just over 2% of the total membership while Ireland was 8, representing
just over 0.25% [14]; despite these relatively small number of registered members,
most of whom are likely researchers, from 2010-present, the UK has contributed
362 outputs to SIGCSE venues. In 2018, the UK & Ireland ACM SIGCSE Chapter
was established out of the community that grew around the Computing Education
Practice conference. In 2019, driven by the establishment of several Irish university-
based computing education research groups, and particularly the establishment of
Computer Science as an official national Irish school subject, the decision was taken
to split the UK & Ireland ACM SIGCSE Chapter into two - the UK ACM SIGCSE
Chapter and the Ireland ACM SIGCSE Chapter. To date, these chapters currently
have over 250 members. These chapters work closely and today co-sponsor the
UKICER conference. The UK chapter focuses mainly on tertiary education because
Computing At School (CAS) (see Sect. 3.1.1) already existed to support computing
education in schools across the UK, whereas there was no such body to support
schools in Ireland. To identify the foundations of the CER community here, we now
look at the historical perspective.
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2 History: Formation of the CER landscape

British computing historian, Simon Lavington, argues that individuals have an incli-
nation to consider computer history either from a bottom-up or top-down viewpoint
[90]. Bottom-up, in the sense that progress bubbles-up from academics devising
theories and conducting experiments in response to their peers and the scientific
community. Top-down, in the sense that industrialists and policymakers, allocate
funding and channel money through a lens of economic development, national de-
fence and educational attainment. Lavington suggests the best insight in terms of how
things developed, is somewhere in-between. The actions and thoughts of countless
individuals, organisations and structures reacting to the culture and environment of
the time.
Similarly, any conversation or discussion around the present landscape of com-

puting education research in the UK and Ireland must be situated in, or oriented
around, the history of the domain in the region. An appreciation of some of the
trends and milestones that shaped the direction of the domain is important as to pro-
vide insight into the emergence of the terrain of computing education research. An
important aspect to consider is the source and motivation for funding of computing
and computing education research in the UK and Ireland.

2.1 Pre-history: Babbage, Boole, Bletchley and Bombe

The UK and Ireland have made significant historical contributions to the advance-
ment of modern computing, driven in part to being industrial, maritime and trading
nations. The importance of maritime activity and advancement drove many initial
contributions from the region in computing [39].
Prior to hardware and software solutions, computers were human [148]. The

Royal Greenwich Observatory employed a relatively great number of them at the
time to produce the British Nautical Almanac. The nautical almanac or “Seaman’s
Bible” contained any number of mathematical tables that were used by seafarers
and others to efficiently and effectively navigate the globe [38]. The accuracy of the
tables very much relied upon the human computers that generated them [37].
The British Victorian polymath Charles Babbage argued that astronomical tables,

and many such others, that modern industry relied upon could be computed far
more efficiently and accurately, mechanically, an idea endorsed by the British As-
tronomical Society and subsequently funded by the UK (UK) Government. Babbage
devised and engineered the Difference Engine over ten years. Nevertheless, after ten
years of financial support and no working system the UK Government withdrew
support [72]. Unswayed, Babbage embarked on the design of his second system, the
Analytical Engine, spending 15 years and producing over 300 engineering schemat-
ics for a system that was never realised in his lifetime [68]. Babbage worked closely
with Ada Lovelace, who is often credited as being the first programmer, through
her publication of an algorithm to calculate Bernoulli numbers [70], designed to
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execute on the Analytical Engine. She also had a broader vision of the applicability
of computers beyond solving mathematical problems, including music and graphics.
The influential programming language was named after her.
Around this time, Babbage encounteredGeorge Boole, the first Professor inMath-

ematics at Queen’s College, Cork Ireland. Babbage and Boole did not collaborate on
any of the Engines but Boole would go on to introduce Boolean Logic, a contribu-
tion that acts as the fundamental foundation for digital electronics and programming
languages [17, 18]. Nevertheless, a century later, further UK Government funding
in the form of the UK Government Code and Cypher School (GC&CS) and Alan
Turning would resurrect Babbage’s engine as the Bombe at Bletchley Park, a spe-
cialised system designed to support in the deciphering of encrypted messages used
by German forces in World War II [35, 149].
Turing joined the National Physical Lab (NPL) after the conflict and set about

designing a general purpose computer, advancing on the specialised Bombe that was
focused on deciphering codes. The eventual system was known as the Automatic
Computing Engine or ACE. ACE construction completed after Turing had left the
NPL, but the system executed its first program in 1950. The system was eventually
refined and commercialised by the English Electric Company as the Digital Elec-
tronic Universal Computing Engine (DEUCE) and sold for £50,000. A total of 33
systems were manufactured, installed and employed by universities, industries and
government.
The first computer laboratory in Scotland was established at the University of

Glasgow with the DEUCE at the centre. Similarly, the UK Government Depart-
ment of Scientific and Industrial Research in Glasgow was also equipped with a
DEUCE [34]. John Womersley who led the ACE project also recognised the need
for a more inexpensive and accessible version of ACE for industry and worked with
Andrew Booth to produce the Hollerith Electronic Computer (HEC). The Irish Sugar
Company took delivery of the one the first HEC systems at the cost of £33,000 to
calculate invoices for sugar beet producers.
It was not only hardware where the UK and Ireland were making contributions.

Alick Edwards Glennie worked with Alan Turning on a number of projects and
worked at the Atomic Weapons Research Establishment (AWRE) in Cardiff, Wales.
Donald Knuth argues Glennie, along with others such as Grace Hopper, were re-
sponsible for the first computer compilers [85].
The importance of the aforementioned milestones and contributions is not to

argue ownership or suggest the UK and Ireland made exclusive contributions to
computing. Many countries and continents made early and significant contributions
to computing, that are often under reported and represented [24]. However, the UK
and Ireland clearly did perceive computing as powerful and worthy of significant
early investment in terms of strategic defence and economic advancement. The
assumption would be then, just as the region had invested before, it would do so
again in the education of its people in utilising such scientific advancement and
achievement. However, as the reader will come to observe, the focus of such funding
is not always obvious or intuitive.
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2.2 Mind the Gap: The British and Irish Retreat

The 1960s and 1970s represented a great economic resurgence for the UK and
Ireland as they engaged and participated in the global boom that occurred after the
Great Depression and Second World War. The UK and Ireland were still making
significant contributions to the advancement of computing in the decade. The Altas
Computer, one of the world’s first supercomputers, pioneered ideas such as virtual
memory, paging and one of the world’s first modern operating systems [91]. The
system was developed in partnership between academia and industry. Nevertheless,
the commercial and industrial computing influence and contribution began to retreat
and recede for the region.
The leading British catering company J. Lyons and Co, commissioned for the first

computer for commercial purposes [87]. The company initially contributed funds
to Douglas Hartree and Maurice Wilkes to accelerate their work on the Electronic
Delay Storage Automatic Calculator (EDSAC) at the University of Cambridge in
advance of funding their own system based on the outcome of the project. Despite,
such commercial beginnings for computing in the region, by the 1960s and 1970s it
was limited in contrast to the United States as was the region’s influence [89].
A partial explanation for this is that gap that existed between defence advances in

research and commercial endeavours in computing in the UK and United States [88].
In the United States, there was tighter integration and collaboration between parties
with the resulting benefits, whereas in the UK there was tighter secrecy and looser
connections and as a result, the UK did not reap the same benefits or influence.
Frank Cousins, Minister of Technology, announced the formation of the National
Computing Centre (NCC) in 1965 with the aim of ensuring the society and business
could realise the practical benefits of computers 2. The NCC funded two universities,
Imperial College London and the London School of Economics to address the gap
in research and education for the applied use of systems [88].
The reality was the United States remained far more influential in computing

at this point as consequence so did its research and investigation into computing
education. Guzdial identifies two streams of activity in the 60s and 70s [69]: the
psychology of programming (driven by industry); and learning of programming in
schools. This characterisation that was largely true of early work in the UK and
Ireland
Evershed and Rippon argued that the significant investment made by the UK and

Ireland in computers in industry, research and government operationwould bewasted
unless there was recognition that the infrastructure could not be effectively utilised
by anyone other than programmers and coders [60]. They also argued early that high
level languages were required for low level users, that in order for professionals to
utilise machines programming their calculations needed to be more efficient than
those that could be done by hand. They stated that a programming language that
supported individuals in minimising errors was easy to comprehend and remember
and that such a language would not be possible without appreciation of human

2 https://api.parliament.uk/historic-hansard/commons/1965/dec/07/national-computing-centre-1
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factors. Similarly, Sime et al. performed an empirical evaluation of conditional
constructs between languages as to determine what would be optimal for low level
individuals [137]. Their work, and the work and others in the UK and Ireland
represented the beginnings of a rich community of researchers and practitioners
that resulted in Psychology of Programming Interest Group (PPIG), the Empirical
Studies of Programming series (ESP) [15].
There were a number of different initiatives that received funding both in terms of

software and hardware [124]. The National Development Programming in Computer
Aided Learning (NDPCAL) was one of the earliest significant funding programming
for exploring the use of computers in education within the UK. The programme
funded a number of initiatives, £2.5 million spent over 5 years on 35 projects,
across a number of contexts, including industry, defence training, further education,
higher education, primary and secondary schools [32]. Similarly, the SchoolsCouncil
funded the Computers in Curriculum project to support schools and teachers in
developing and exchanging computer assisted learning materials. However, funding
and resources where focused on terraforming education with computer software and
hardware with little focus given to the explicit value of such initiatives.
This is not to say no consideration was given to such concerns. The Nuffield

Foundation, the Scottish Council for Research in Education and the Leverhulme
Trust and the Social Science Research Council funded Howe and du Boulay to
survey the roles of programs in education [76]. Howe and du Boulay identified:
application, simulation, drill and practice, tutorial and administration. Identification
of the different roles is significant as it demonstrate the wide spectrum of use
of computers and programs. More importantly, Howe and du Boulay argued that
due to the wide spectrum and potential use, educators without sufficient insight or
appreciation of programs could end-up using them inappropriately or with negative
consequence with learners. Consequently, they argue that computers have significant
potential in education, but only through partnership with teachers.

2.3 Silicon Fen: Jet Set Willy and Mr Podd

The 1980s continued the focus in the UK and Ireland to utilise computing infrastruc-
ture as well as expand it. In terms of CER, focus was still on individuals making the
most of computing and programming. Du Boulay et al. considered how to present
programming concepts to novice individuals, advocating the concept of a notional
machine [19], based on the programming language to be learned rather than some
hardware. The learner learns a BASIC or LISP machine, coming to appreciate the
mechanisms to solve problems and the optimal problems they can be used to solve.
Marc Eisenstadt around the same time in the early 1980s was interested in the

cognitive models employed by programmers and the design of the tools the utilised.
Eisenstadt proposed the SOLO programming language [56] that was designed in
part to make the underlying virtual machine explicit and visible to the user [105]. He
devised the language to support students enrolled at the Open University (OU) on a
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cognitive psychology course that had to complete some programming. SOLO was
devised with the idea that students (a) did not want to learn programming, (b) they
wereworking remotely in various environments, (c) they did not have significant time
to spend on such learning and (d) were not computing literate. It attempted to address
these issues in various ways and the benefits of the approach were investigated by
researchers.
The Computer Literacy Project (CLP) emerged from the Continuing Education

Television department at the British Broadcasting Corporation (BBC) [8]. The foun-
dation of the project was informed by a commissioned report on Microelectronics
from Albury and Allen [6]. The aim of the CLP was to prepare British and Irish so-
ciety so that it could steer technology rather by steered by it [16] and it was designed
around successful approaches adopted by a similar BBC Adult Literacy Project.
The BBC adopted a mixed economy approach to computing, embracing academia,
vocational and cross curricula [66]
Kenneth Baker MP after witnessing the development of computer systems and

software in Japan devised a manifesto for technology in the UK with one of the
aims being a single computer in every school3. Prime Minister Margaret Thatcher
appointed Baker as Minister for Information Technology and when the UK was
experiencing a deep economic recession in the early 1980s, Baker stated that he
gave “Margaret something nice to say”, which was getting a single computer into
schools. Consequently, the Department of Trade and Industry for the UK worked
with BBC Engineering to specify the BBCMicro that would later be engineered and
manufactured by Acorn computers.
Subsequently, Kenneth Baker devised and deployed the Microelectronics Edu-

cation Programme (MEP) and Scottish Microelectronics Development Programme.
The programmes built on the NDPCAL investment of the 1970s, but with specific
focus on schools [155]. Broadly the programmes can be considered as having two
territories - (1) using computers in the most effective ways across the existing curric-
ula and (2) introduction of new curricula for such systems: IR, scientific instruments
and control technology [63, 67]. The programmes drove widespread deployment of
hardware and software into schools, but the programmes where widely criticised
for deploying resources without sufficent consideration as to what was optimal for
the domain of education. Fothergill, programme director, discusses the balance and
challenge of research and deploying computer systems [62]. The challenge or con-
cern was that by the time research delivered results, things would have changed.
However, the Social Science Research Council planned a programme of research
into microelectronics in education [67].
The concerns around education and the deployment of computers into schools is

likely crystallised by the Mr Podd debate. Mr Podd is a character in software that
children could instruct various actions, such as walk and run. A list of actions is not
provided to children or teachers as an explicit part of the motivation for children to
learn and engage with vocabulary to get Mr Podd to perform various actions. Thorne
argues that despite teachers considering the Mr Podd the best educational software

3 https://clp.bbcrewind.co.uk/32f106f530306af5ba52b51c59333fd5



CER in the UK & Ireland 9

of 1984, the software solution was not borne out of any research or evaluated in
terms of effectiveness [146]. O’Shea and Self, as emphasised by Thorne, would
argue that research is required both in deploying software and assessing it in terms
of its relevance to education [122].
The early 1980s represented a period of excitement and innovation around per-

sonal computing with many consumers purchasing the Sinclair ZX Spectrum, the
Acorn BBC Micro and Commodore 64. However, while the personal computing
market was vibrant it collapsed within a few years and while there may have been
many visions of computers and education, many of the systems where used to play
games [92]. The legacy of the movement in the UK was successful at least in terms
of the economy and innovation. The City of Dundee became a destination for games
development, a history that can be traced back to the production of the Sinclair ZX
Spectrum in the Dundee Timex factory [100]. Acorn subsequently developed their
own RISC architecture, the Acorn RISC Machine (ARM) which subsequently be-
came known as Advanced RISC Machine and spun off through Arm holdings, now
know simply as "arm", one of the most valuable tech companies in the world.

2.4 Devolution: Things can only get better for education and research

The 1990s did not represent a decade of significant change for computing and
computing education research in the UK and Northern Ireland. The region had spent
considerable resources on computing in the decade prior and it was not clear how
it was benefiting from it. A significant experiment happened in the UK, in terms
governance, in the form of devolution.
In 1999, many significant elements of UK governance in terms of law, man-

agement of public services and spending priorities were devolved to institutions in
Scotland, Wales and Northern Ireland away from the UK parliament. The signifi-
cance of the experiment, depends on the region, Scotland had strong public support
and clear ideas whereas the public and politicians in Wales and Northern Ireland
where still developing their own perspectives on powers [30]. England, with the
biggest population, and Ireland, the neighbouring independent country, were largely
unaffected by devolution.
However, in the long term both England and Ireland may be shaped by devolution

both in general and in terms of computing science education research. The decisions
taken in the different regions are best considered through the lens of convergence
or divergence of governance and approach [65]. The potential impact for computing
education from devolution is that the different regions could (1) adopt different
approaches to research funding as well as (2) adopt different spending priorities. For
example, Wales may diverge initially on some aspects, only to converge on the same
approach that is adopted in England later.
In terms of research funding, allocation of public funds is broadly determined by

the Research Excellence Framework (REF) an evaluation that is completed by the
regional funding bodies across theUK.Higher Education Institutions are evaluated in
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terms of research quality andwith resources allocated favouring those institutions that
produce high-quality research. Strategically, the different regions adopted different
approaches to the allocation of resources with England allocating based more on
quality whereas Scotland and Wales favoured spreading resources more between
institutions. However, over time both Scotland and Wales have converged to adopt a
similar approach to England.
Scotland in particular favours research pooling and structures some initiatives

to motivate institutions to collaborate together. The strategic approach has been
successful for Scotland, research impact for Science Technology Engineering and
Mathematics in particular has been significant. Scotland over-performs in securing
research from theUKResearchCouncil [84]. The Scottish Informatics andComputer
Science Alliance (SICSA) is an example of one such research pool. SICSA was
launched with £14.5 million from the Scottish Funding Council and supported
appointment of 30 academic members of staff across Scottish institutions to improve
the research quality of computing science in the region. SICSA was unique as
a research pool as its remit was extended beyond research to include education.
However, the direct impact of such an expansion on specific computing science
education research is less clear.
The other aspect of devolution that has the potential to shape computing science

education is spending priorities and initiatives, specifically in school education. Dif-
ferent approaches to computing science education in schools can result in individuals
being able to conduct research around the edges of such initiatives. England and Ire-
land were not impacted directly by devolution, but are indirectly impacted by the
actions taken by other nations. If Scotland spends more on computing education
research, for example, it is unlikely neighbouring nations can simply ignore it —
especially if such a decision is successful or reaps significant benefits. Consequently,
nations can converge on solutions and policies, if they prove optimal in different
settings. In terms of the specific impact of devolution, it is how the nations diverge
that may lead to interesting outcomes [22], and is the differences between nations
that are the focus of the next section.

3 Computing Education Research Landscape

Section 2 demonstrated some of the central trends and milestones that informed the
present-day computing education research landscape in the UK and Ireland. Here
we outlines how recent developments have differentiated the computing, education
and research landscapes of each of the nations.
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3.1 England

3.1.1 Schools in England

England has a long history of computing in school dating back to the 1970s and
1980s [21, 25]. Personal computers such as the BBC micro and ZX Spectrum in
school, the use of Logo in mathematics to teach coding, and schools examinations
(called O-Level and A-Level) in Computer Science or Computer Studies dating from
the 1970s [25] all meant that there were opportunities for some children to learn some
computer science and programming.
A significant change came to England when the Education Reform Act 1988

defined what all children should learn and the concept of a National Curriculum was
born [157]. In 1988 a National Curriculum was introduced for schools in England
(and initially Wales until devolution in 1999), through the Education Reform Act.
The National Curriculum established subjects that all state-funded schools should
teach, with three core subjects and seven foundation subjects, including technol-
ogy. Technology included information technology with the curriculum aspiring for
students to become effective users of IT, given that computers were at that time
new to schools. Writers of this section of the curriculum were aware that there was
great disparity of opportunity, with some schools not having access to computers
or sufficient to offer all students experience of them, and others being able to offer
qualifications in computer studies. At home, there also would be some children who
were learning to program their BBCMicro by themselves. The curriculum therefore
needed to focus on building basic computer literacy skills, although it did touch on
some aspects of computer science:

“While it is not envisaged that all pupils would undertake the detailed study of a programming
language they should understand the concept of a computer program as a set of instructions.
This understanding can be promoted by the use of certain drawing or control packages
where a sequence of moves can be ’saved up’ and executed together. The contribution
of particular instructions to the whole can be examined without discussing in detail the
underlying algorithm. Some pupils will have acquired a detailed knowledge of programming
by using computers at home or by specialist study at school.” [2, p.26]

The Dearing review [43] and other political changes, including a new Labour
government in 1997, led to an overhaul of the National Curriculum with a new
version published in 1999 [82]. This version made Information and Communication
Technology (ICT) statutory in schools for all children 5-16 (Key Stages 1 through to
4) from 2000 [50].
In the 1999 curriculum, however, this iteration of the curriculum focused on

collecting, storing, exchanging and evaluating uses of information. It was difficult to
find any aspects of computer science in it. In the Design and Technology curriculum
subject, which focused on usingmaterials tomake products, there was a small section
on systems and control that included how to use electronics, microprocessors and
computers to control systems, but this was delivered by Design and Technology
teachers, not ICT teachers. What this curriculum did was move the focus to an ICT
literacy for all students, away from principles of computer science. A revision of the
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curriculum in 2007 did not change this focus, and so, within a few years of that, we
began to hear a call to bring back the “computer studies” element which had been
lost from the curriculum [36].

Development of a mandatory computing curriculum

The transition from ICT to Computing in the curriculum in England has been well
documented [23, 21, 154], with England introducing a new Computing curriculum
to schools in 2014, bringing mandatory computer science to all state-school pupils
aged 5-16. This built on, but was broader and more focused on computer science
than, the previous ICT curriculum [21]. The Royal Society, through an influential
report, had redefined Computing has having three elements: information technology,
digital literacy and computer science [139]: this was a useful distinction to aid in
this transition but is now outdated. At the time of writing, England has seven years
of experience of the implementation of Computing in school, which has presented
both exciting opportunities and some tough challenges.

Creation of a national centre for computing

In 2018, following another Royal Society report describing computing in England as
“patchy and fragile” [140, p.6], the Department for Education in England awarded
a contract for over £80 million for a 4-year programme of development of teacher
training and student resources in computing, called the National Centre for Comput-
ing Education (NCCE) [132]. This represented one of the most substantial moves
towards educating all children in the discipline of computing in the world. TheNCCE
provided professional development for almost 30,000 teachers in its first two years of
delivery [106] and has enabled full curriculum resources, support on pedagogy, and
a comprehensive in-service teacher education offer to be provided, free of charge to
teachers. England is one of the only countries that provides mandatory computing
in the curriculum for all children from age 5 upwards [154].
A recent report by the Brookings Institute comparing computer science education

around the world highlighted seven policy actions that a country should undertake
to bring computer science to young people effectively [154] with England being the
only country to have implemented them all: these include support from government,
a computing curriculum for primary and secondary teachers, and training for in-
service and pre-service teachers. England has undertaken all these policy actions
which has made it a useful comparison point for many other countries wishing to
introduce CS into the formal school curriculum [154].
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Focus on delivery - not research

Throughout this period, developments in England have been facilitated by differ-
ent stakeholders working together to advocate for the importance of computing in
school. Computing At School (CAS) was set up in 2008 [21] and brought together
industry, academia, education professionals and schools to campaign for a more CS-
focused curriculum [23]. The current large-scale initiative in computing education,
the NCCE, is run by a consortium of three organisations, the BCS, of which CAS is
a part, the Raspberry Pi Foundation, and Stem Learning, showing the importance of
collaboration and involvement of multiple stakeholders. However the characteristic
of developments in England are that while considerable funding has been made
available for delivery of professional development and creation of resources, there
has been no corresponding funding for computing education research, and even
rigorous evaluation of the aspects of the programme has not been a priority for the
government. This could be seen as a lost opportunity given the huge numbers of
young people currently studying computing in school on a daily basis in England,
and there is an urgent need to understand better how and what to teach. Steadily the
numbers of individual researchers and doctoral students studying computing edu-
cation for young people have started to grow in England, but without a significant
pot of funding. This is in contrast to, for example, the US, where the NSF and other
statewide initiatives have provided specific and generous funding avenues for K12
CS Ed research over the last five years.

3.1.2 Further & Higher Education in England

Further Education - the Cinderella

Within the UK and Ireland, Further Education (FE) is understood as post-school
education which is not Higher Education (HE) i.e. it doesn’t lead to the award of
a degree — similar to continuing education in the USA or TAFE in Australia. The
focus of FE colleges is in vocational training, including apprenticeships, and also in
access courses for HE, with returners to education an important focus. FE is often
referred to as a "cinderella" service that, according to the influential 2018 Augur
Review of post-18 education in England [10], has suffered "decades of neglect and
a loss of status and prestige amongst learners, employers and the public at large"
. . . "despite widespread acknowledgement that this sector is crucial to the country’s
economic success". Sadly, this neglect carries over into the realm of Computing
Education Research, with very little attention focussed on FE.

Universities in England

Higher education (as we now call it) in England started in 1096 at Oxford, followed
by Cambridge in 1209, making them some of the most ancient universities in the
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world. There were no more new universities in England from then until the 1830s,
with the founding of Durham and London universities. The start of the twentieth
century saw large scale expansion in the "red brick" civic universities in Birmingham,
Manchester, Liverpool, Leeds, Sheffield andBristol between 1900 and 1909.Another
group of universities were founded in the post-war period 1948-1957, developing
from local university colleges working towards exams from London University.
The 1960s saw a further doubling of the number of universities, some based on
existing institutions, but many (the "plate glass" universities) were entirely new,
starting with the University of Sussex in 1961 and culminating in 1969 with the
Open University, the UK’s only university dedicated to distance learning — and
having by far the largest student enrolment. The last step change in the number
of universities came in 1992, when nearly all of the existing polytechnics became
universities in their own right, having previously used the degree awarding powers
of the Council for National Academic Awards (CNAA). These "new" or "post-92"
universities developed research interests where they previously had mainly focussed
on teaching and with that developed a much stronger academic community exploring
subject-specific pedagogy - such as CER. The 21st century has seen a steady stream
of institutions newly gaining university status.

Quality and Funding of HE Teaching

The vast majority of English universities are public, in that they receive some funding
from the government. One of the main differences in policy for universities in
different parts of the UK relates to funding. From 1962 to 1998 full-time students
were exempt from tuition fees, and also had access to a means-tested maintenance
grant. Following the Dearing report [42] (not to be confused with the 1994 Dearing
review of school curriculum), student fees were introduced, along with a system of
government-backed loans for paying these fees, and for covering living expenses
of students (maintenance loans). The level of these fees increased over time to
a maximum of £9250 currently, as universities have become more dependent on
student fee income as opposed to direct funding of teaching through the Higher
Education Funding Council for England (HEFCE) and then the Office for Students
(OfS) since 2018. From 2000 the HE sector has become increasingly marketised,
although there is virtually no differentiation on price between institutions — the
competition has really been on attracting student numbers. Established in 2005, the
National Student Survey (NSS) has been an important metric for universities, very
often used in published league tables. It provides half of the data points for the
Teaching Excellence Framework (TEF), first introduced in 2017. However this has
been far from controversial, with the National Union of Students (NUS) at one stage
voting to boycott the NSS because of the link to TEF and marketisation of HE.
There is stark contrast between policy, and to some extent research interest,

on education in schools and universities. Schools are tightly managed on the aca-
demic performance or their students in public examinations, and in particular on the
progress they make. In universities, the focus is much more on customer (student)
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satisfaction and on graduate employability. Indeed, the idea of "learning gain" [142],
the HE equivalent of progress measures in schools, is considered experimental and
controversial, certainly within the context of TEF. Universities are therefore not
incentivised to ensure their students learn a lot, but rather to make them satisfied
and employable. Standards within degrees are monitored by the Quality Assurance
Agency (QAA), commissioned by the Office for Students (OfS), along with the sys-
tem of external examiners (first used by Durham University to ensure comparability
with Oxford), but the issue of "grade inflation" has become an important one [119].
Even aside from themaintenance of standards, educators are often concernedwith as-
sessment, not least because scores for Assessment and Feedback are usually amongst
the lowest of all the measures within the NSS [143]. For these reasons it is typically
it is much easier for educators to analyse and report on anonymised student opinion
of teaching, through module evaluation questionnaires designed to mimic the NSS,
than looking at individual student understanding or progress.

Quality and Funding of HE Research

UKResearch and Innovation (UKRI), which took over research funding responsibil-
ities from HEFCE, allocates research funding to universities on a recurrent formula
basis through Research England and also through competitive grant funding awarded
by the research councils. A large portion of the recurrent funding to universities is
quality-related (QR), as identified by the UK-wide Research Excellence Framework
(REF), previously known as the Research Assessment Exercise (RAE). The research
outputs (typically papers), impact and research environment of a university are as-
sessed by panels covering different Units of Assessment (UoA) on a semi-regular
basis, with the most recent assessment points in 2021, 2014 and 2008. The issue for
CER is that there are separate REF sub-panels for "Computer Science and Informat-
ics" and "Education", so there is no natural home for CER research to be assessed:
papers might be seen as "not real computer science" by one panel and "not real
education" by another.
A similar situation exists within the funding councils that award research grants.

Computing research (termed ICT: “information and communications technologies”)
falls within the remit of the Engineering and Physical Sciences Research Council
(EPSRC)whereas education comes under the Economic and Social ResearchCouncil
(ESRC). Although they have similar acronyms, they are very distinct, and neither
funds computing education research projects.
Overall this leads to a research landscape which is largely unfunded, and based on

the interests of practitioners. Sometimes industry has funded CER in England, no-
tably the BlueJ project [86] largely funded byOracle. This project was led byMichael
Kölling, one of two England-based recipients of the SIGCSE Award for Outstanding
Contribution to Computer Science Education. Despite substantial industrial funding,
BlueJ never received government research council funding. Sally Fincher, the other
recipient of the SIGCSE Outstanding Contribution award also never received any
government research council funding. None of this was for want of trying, but rather
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because the funding councils did not consider it within their remit. The EPSRC has
awarded grants for outreach and engagement within computing [57, 58] but not for
pedagogical research directly.

Focus on Employability

Employment prospects for graduates are a key measure for success of HE courses,
being routinely included in published league tables and TEF scores. One particularly
paradoxical issue for computing degrees has been the reported shortage of skills
in graduates, relatively low popularity of the subject area and high rates of unem-
ployment amongst computing graduates. This issue was addressed in the influential
Shadbolt review [135] of computer science degree accreditation and graduate em-
ployability, which found that "the supply of Computer Sciences graduates, and the
needs of employers appears in some way misaligned". A complex range of factors
came into play, and recommendations included: extending work experience; im-
proving graduates foundational knowledge and softer skills; better understanding the
needs of startups and SMEs; better engagement with accreditation by both industry
and HEIs.
The UK Government introduced the Apprenticeship Levy in 2017. The levy re-

quired employers with an annual pay bill that exceeds £3 million pounds to pay
an additional 0.5% levy or tax on their pay bill. The levy is then transferred to
an account and supplemented with additional 10% contribution from the UK Gov-
ernment. Employers then have 24 months to spend the funds in their account on
appropriate training programmes. This, combined with the introduction of degree-
level apprenticeships, has led to many new computing degree programmes based on
the apprenticeship model of work experience and part-time study, and in turn to CER
in the area of curricula and pedagogy for apprenticeships, quite distinctive to the UK
(although related to the idea of cooperative education in the USA [77]). Universities
have also engaged with the Institute of Coding, a "collaborative national consortium
of industry, educators and outreach providers" established in January 2018, with £20
million in funding from the Office for Students. As with government initiatives in
schools, these do not directly fund CER, but CER often naturally follows this kind
of funded activity.

3.2 Northern Ireland

With the introduction of 1997 Good Friday Agreement, a devolved administration in
Northern Ireland (NI) had now two Ministers of Education for education policy and
responsibility for the school sector and the other for Further and Higher Education.
The Good Friday Agreement provided a North-South Ministerial Council (NSMC)
to discuss educational matters of interest between Dublin and Belfast. Practically
policy would either take account of UK’s Directives but interpret and apply these
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around the special circumstances in NI or be driven by NI’s particular needs [131].
The Department of Education for NI (DENI) [45] aims to promote the education of
the NI people to ensure the effective implementation of education policy. DENI are
now supported by this one non-departmental sponsored public body CCEA. CCEA
is NI’s educational awarding organisation for a range of qualifications. It advises the
devolved government on what should be taught and assessed in schools and colleges,
andmonitors the standards of qualifications and examinations offered by all awarding
organisations in Northern Ireland. CCEA has statutory responsibility for all aspects
of the curriculum for grant-aided schools and colleges of further education. As part
of this they advise the DENI on matters concerned with the curriculum [54]. From
2000 DENI has invested over £632 million to provide Information and Communica-
tions Technology (ICT) infrastructure in schools through the Classroom 2000 (C2k)
project, making NI a recognised leader in the use of ICT in education. The Education
Authority for NI (EANI) became operational on 1 April 2015 in accordance with
the provisions of the Education Act (Northern Ireland) 2014. EANI is responsible
for ensuring that efficient and effective primary and secondary education services
are available to meet the needs of children and young people, and support for the
provision of efficient and effective youth services.[52] It brings together the five
former Education and Library Boards to create a single organisation. EANI is one of
the largest educational bodies in the UK. In 2021 NI’s population has risen to almost
2 million with 796 primary schools and 192 post-primary schools [31].

3.2.1 The Northern Ireland Curriculum

Northern Ireland’s constitutional position in UK hasmeant that government policy in
education in Northern Ireland has often followed initiatives taken by the Department
for Education in England and Wales. The statutory curriculum in Northern Ireland
began with the Education Reform Order in 1988 [54]. This stated the curriculum for
a grant-aided school included Science and Technology.
The curriculum itself was introduced into schools from 1991. Shortly after the

curriculum was introduced, statutory teacher assessment began at the end of Key
Stages 1 (Year 4) and 2 (Year 7), mainly for English and Maths. It was found in prac-
tice to be overloaded, so in 1996 it was significantly revised removing a large amount
of content but remaining unchanged in structure. In 1999 the then EducationMinister
gave permission for The Council for the Curriculum, Examinations and Assessment
(CCEA) [28] to undertake a fundamental review of the statutory requirements of
the curriculum. Evidence within this review of primary school showed that within
NI there are well documented differences between high and low attaining children
linked to social deprivation and to gender [28]. Data gathered from young people in
NI showed that ICT was top of their agenda [131].
The resulting 2002 curriculum proposals focus on a range of skills including crit-

ical and creative thinking skills, including Managing Information, Problem Solving
and ICT. To enable ICT support for recording achievements in new proposals CCEA
planned to work in collaboration with Classroom 2000 to ensure the maximum avail-
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ability of computer support for the keeping of records and the generation of reports.
The revised Northern Ireland Curriculum was introduced in 2007 and implemented
over a 3 year period, covering all 12 years of compulsory education.
The DENI’s empowering Schools Strategy for ICT [150] focused on transforming

education by 2020 with strategic deliverables for 2008. The overarching aim of this
Strategy was ’that all young people should be learning, with, through and about the
use of digital and online technologies’. The Strategy’s key focus was the deployment
of digital, multimedia and communication technologies ‘to enhance, improve and,
ultimately to transform, education’.
While ICT is included in curriculum as a cross-curricular skill and relates to using

software in school, schools have some flexibility to include teaching coding. Perry
(2015) [125] presents there is little evidence to which this happens and coding is
rarely taught in primary schools or key stage 3. CCEA introduced the A/AS level in
Software Systems Development in 2015/16, the A/AS level and GCSE in Computing
in 2017 and Digital Technology in 2018.
Calder (2021) [26] provided a British Computer Society (BCS) landscape review

on computing qualifications in the UK. In NI ICT remains the main qualification
of computing education across key stage 4 and post-16. However, there has been
growing uptake of A Level Computing. The last five years has seen a drop of around
50% in ICT entries for all qualification levels being replaced with growth in Digital
Technology topic. A/AS level in Software Systems Development (SSD) has seen a
decline in uptake since it became part of the curriculum, with just over 200 students
taking this in 2020/21. Female: male participation rates show ratios of 1:2 studying
ICT, 1:9 in GCSE computing and 4:1 at A level. In 2018-19 A level computing’s
popularity as one of the nine STEM subjects remains second least popular and in
2020-21 only 3% of A level cohort taking computing.
Department of Economy (DfE) [118] reported for the destinations of school

leavers: over two-fifths (42%) go on to further study in Institutions of Higher Educa-
tion (HE); one-third (33%) go on to study in Institutions of Further Education (FE);
10% go into employment; 11% go on to training; 2% are unemployed, with 2% of
students going to unknown destinations. In 2019/20, there were an estimated 57,000
individuals studying towards regulated qualifications in FE. Over two-fifths (43%)
of students were studying at level 2 and below, 40% were at level 3 with 17% at level
4 and above. There were 25,000 individuals enrolled in Broad STEM subjects. Just
over half (50.2%) of FE College leavers who completed a qualification at Level 3
or below were in employment as their main activity six months after achieving their
2018/19 qualification. A further 39.1% were learning or primarily learning as their
main activity.
Matrix (NI Science Industry Panel) [98] commissioned a positioning paper in

2018 on Women in STEM in NI. The issue of STEM skills shortages continues
to be prioritised as a barrier to growth in NI science and technology sectors. This
work highlighted the continuing significant gender imbalance across the STEM skills
pipeline as a major contributing factor. In 1999, 11,943 boys and 11,104 girls were
born in NI, in 2014/15 87.6% of the girls took STEM GCSEs, compared to 91% of
the boys. However, when it came to core STEM A levels or FE vocational exams in
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2016/17, only 30.7% of girls took one, in stark comparison to 85% of boys who took
one. For NI futures the decline in girls participating in STEM between GCSE and A
Level/FE is anticipated to be 65%, compared to a 6% drop off for boys.

3.2.2 Higher Education in Northern Ireland

NI comprises of three universities (Queens University, Ulster University and Open
University), two university colleges (St Marys University College, Stranmillis Uni-
versity College), six further education colleges (Belfast Metropolitan, Northern Re-
gional, Southern Regional, South Eastern, North West Regional, South West), and
College of Agriculture, Food and Rural Enterprise (CAFRE) an agri-food and land
based college with 3 campuses, all of which offer opportunities to study for and
attain various higher education qualifications.
To try and meet the growing needs of NI’s computing industry in 2010 both Uni-

versities: Queens [126] and Ulster [151] designed and offered an one year conver-
sion master course to students who had completed a non-computing undergraduate
course. These courses were immediately very popular, particularly with females, and
employment figures for the graduates was very high.
Similarly DfE reported [118] in 2019/20, almost 16,000 qualifications were

awarded from Northern Ireland’s Higher Education Institutions(HEIs). Over half
(57%) were first degrees, over one-third (35%) were postgraduate awards, with 8%
as other undergraduate (such as Higher National Degrees). For those that graduated
in 2017/18 after 18 months 71% were in employment, 12% were in employment and
further study, 8% were in further study, 3% were unemployed and 5% were other.
NI policy decisions regarding HE tuition fees have limited the capacity of HEIs to
raise revenue, leaving student funding behind other UK regions. This limits oppor-
tunity for individuals across NI and is detrimental to the realisation of our economic
potential. However, in accordance with ‘Success through Skills – Transforming Fu-
tures’ [44] Department for Employment and Learning (DEL), the four strategic goals
to increase proportion of people in employment with levels 2-4+ skills and those
graduating from NI HEI’s in (narrow) STEM, from 2008 to 2020 were all met.
According to [117] the working age population (aged 16 to 64) was estimated to

be 1.1 million in Northern Ireland (Q4 2020). It is estimated that 33% hold degree
or higher qualifications, whilst 12% hold no qualifications.

3.2.3 Growing Computing Opportunities in NI Moving Forward

In May 2021, DfE [48] published their new economic vision for NI for consultation.
It sets out the key themes and proposed commitments for a new Skills Strategy for
Northern Ireland: Skills for a 10x Economy. The consultation ran from from May
2021 - August 2021. The Strategy will formally launch in the Autumn and set the
strategic direction for the development of Northern Ireland’s skills system to 2030.
Integral to it is: In an economy with limited natural resource, the skills of our people
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are the primary driver of our success. Harnessing talent is not only a key objective in
itself, it is integral to every aspect of this vision statement. It statesworking cohesively
across our whole education system to address skills imbalances, driving increased
participation in the STEM subjects that will underpin our economic success.
They recognise, at degree and post-graduate levels, the primary challenge for

Northern Ireland is to increase the number of individuals entering the labour market
with qualifications in STEM, particularly in the ‘narrow STEM’ fields: physical,
environmental and computer sciences, engineering and mathematics. Success in this
area is crucial to our economic vision. Other projects feeding into this strategy are:
joint DE/DfE ‘Transition of Young People into Careers (14 – 19) Project’; challenges
in understanding and addressing declining participation in level 4 and 5 education
with the ongoing work on the review of HE in FE; and an ‘Independent Review of
Education’, announced by the Minister of Education in December 2020.
One of DfE’s [48] strategic goals for the new Skills Strategy includes: By 2030

increasing the proportion of individuals leaving Northern Ireland higher education
institutions with degrees and post-graduate qualifications in ‘in-demand’ STEM
subjects, including: physical, environmental and computer sciences, engineering
and mathematics. With an aim to the Skills Strategy placing a focus on enabling
more individuals to participate in the post-compulsory education (level 3 and above)
which will drive our economic recovery.
Following the long-term popularity of the MSc conversion courses by NI uni-

versities DfE, with funding from the Northern Ireland Office and the Department
of Finance, offered support to a wide range of free short courses, delivered by the
local FEs and HEIs. DfE [49] have already funded up to 7000 free places available
until end of June 2022, and many more to come as part of this new vision. Courses
were offered on a range of digital skills including: Applied Cyber Security, Artificial
Intelligence, Computer Science, Data Engineering, Data Science, Software Testing.
Extensive initiatives are being continually developed across NI with FE and HE

providers, industry and STEM partners to grow and inspire young people at all
levels to consider a future in Computing, and particularly grow the number of fe-
males. These include campaigns such as BringItOn [116], engaging with partners
on education policy, curriculum and content development, developing STEM engag-
ing learning and STEM competitions with CCEA [29], Computing at School [27],
Matrix-NI [97], BCS-NI [11] and Sentinus [134].
An example of this comes from 2016 Digital ICT Report published by Matrix-

NI [78], which identified four areas in which NI was already, or had the potential to
be, world class: software engineering, advanced networks and sensors, data analytics
and cyber security. Within this they also noted five sectors which had already been
identified as key drivers of the NI economy: Financial Services (Fintech), Manufac-
turing, Public Services, Agriculture and Life and Health Sciences, that would likely
benefit from the growing discipline of Artificial Intelligence (AI). Matrix then com-
missioned The Alan Turing Institute to undertake this review of AI capabilities in
NI. The report concluded the need for a single AI Centre of Excellence (AiCE@NI),
which brings together the best of NI research and commercialisation, and provides
a strategic focal point for internal and external NI AI activity.
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Other initiatives which have received funding and are progressing areas of Com-
puting opportunities in NI are the City Deals. Over the next few years, NI will benefit
from a package of investment from four city and growth deals [79]. The combined
funding from the NI Executive and UK government will total £1.3bn, complemented
also by private sector and other sources of funding. Examples of these include the
Centre for Digital Health Technology (CDHT) will be an exemplary centre for digital
technology and associated living labs in the areas of cardiology, diabetes, respiratory
and stroke for Belfast City Region and the Centre for Industrial Digitisation, Robotics
and Automation (CIDRA) which will provide highly specialist robotics equipment
and an ideas factory for R&D for new businesses and will assist companies develop
in the expertise needed to compete in the 4th industrial revolution in Derry City and
Strabane District Council.
In line with a recommendation from Calder (2021) [26] Recommendation 4: Ad-

ministrations, awarding organisations, and regulatory bodies should engage closely
with BCS to establish more detailed data overviews of Computer Science and digital
skills qualifications to explore the impact of other pupil and student characteris-
tics on uptake and attainment, in 2021 BCS-NI supported a new committee BCS:
Northern Ireland Computing Education Committee (BCS-NICEC) to facilitate com-
munication between interested parties in computing education in Northern Ireland.
This will include primary and secondary level school teachers, award and regulatory
bodies, higher and further education staff, industry, government departments and
learned societies. As part of this work BCS have also supported the formation of
a Young Persons Advisory Board (YPAG) to enable a student voice in computing
education. This group is modelled on Ulster University’s Community Of Practice
engaging with student groups and a model from the BCS Scottish Computing Edu-
cation Committee to get young peoples input into designing and deploying methods
of collecting the student voice.

3.3 Scotland

Formal computing education in Scotland has been delivered since the 1980s, in
secondary schools progressing from Standard Grade, Higher and on to Advanced
Higher. The historic focus was a single subject that focused on software engineering
and systems, but the approach evolved to two separate subjects, one with an emphasis
on software engineering and another on information technology applications, such
as relational databases. This situation presents a challenge for universities as the
subjects were arguably not optimal prior learning. After devolution, there are two
interesting developments that we consider. The Curriculum for Excellence and Skills
Education.
The Curriculum for Excellence is Scotland’s national curriculum that was intro-

duced from 2010 onward after a consultation exercise conducted by the Scottish
Government. It was introduced with the aim of shifting focus away from facts and
knowledge to skills and competencies. The introduction of the national curriculum
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was significant for computing education as it cemented the position of computing
in Scottish education prior to age 14 [83]. However, there are concerns about how
teachers achieve the outcomes and experiences for computing education at this early
age level [96].
The national curriculum introduced an opportunity for computing education re-

search in Scotland in terms of funding and the opportunity to integrate and investigate
computing education research at scale. We consider two examples, Haggis the ref-
erence programming language for national assessments, §3.3.1, and PLAN C, the
personal learning network for computing teachers, §3.3.2.
Skills Educationwas another development after devolution that afforded an oppor-

tunity for computing education research in Scotland. TheUKGovernment introduced
an Apprenticeship Levy and focus on skills education, including in Higher Educa-
tion Institutions (HEI). Scotland introduced Graduate Apprenticeships (GAs) and
this introduced opportunities in funding and resources around designing appropriate
software engineering programmes for higher education, see §3.3.3.

3.3.1 Haggis Reference Language for School-level Assessment

The qualification authority commissioned the development of a high-level reference
programming language in 2010 as the means to effectively examine computing
science assessment outcomes in Scotland. The 1980s had created a diverse zoo of
systems and programming languages throughout Scotland and as a consequence,
educators where permitted to internally assess using their programming language of
choice. Prior to the national curriculum, national assessments relied upon psuedo-
code, an informal blend of formal and natural language. The approach introduced
instability and ambiguity as the psuedo-code altered from year to year with each
assessment. Moreover, the overall approach is focused more on writing programs
rather than understanding programming language code, an approach that is sub-
optimal to support learning and teaching of formal languages. Consequently, the
educational rationale was to ensure a consistent psuedo-code that supported the
assessment of programming rather than writing programs [101].
The solution was Haggis, a bespoke psuedo-code for assessment developed by

computing education researchers in Scotland and tailored specific to the Scottish
context. The reference language had to be adaptable to programming languages
taught in the Scottish curriculum as well as be sufficiently complex to support
assessment from early years to advance qualifications. The aim of Haggis is to
support rigours assessment of core computing concepts and topics.

3.3.2 Professional Development of School Teachers in Scotland

The national curriculum cemented or established computing education in one form
or another across school education in Scotland. The approach is not unique as many
countries around the world, including the comprising nations of the UK as well as
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Ireland, have also prioritised the introduction of computing across school education.
For example, the United States CS10K initiative aimed to have 10,000 teachers in
10,000 high schools delivering computing curriculum by 2015 [9, 20]. The task
is not without concerns and just as other countries have experienced, there are
significant challenges for teachers in rapidly introducing computing education [158].
The areas of particular concern are (1) professional practice and (2) pedagogical
content knowledge.
For professional practice the concern is that computing educators, like many

educators, are lone individuals within a school environment. Consequently, they
have limited opportunity to discuss and debate their professional practice within
the context of their specialised domain, i.e. computing. For pedagogical content
knowledge, many computing educators within Scotland and elsewhere have a limited
background in computing education. Furthermore, given the limited opportunity to
discuss and debate professional practice with other computing educators in their
context, they likely have weak or deteriorating pedagogical content knowledge [136].
Therefore, improving the continuing professional development of teachers is an

important tool in delivering on objectives to introduce computing education across
school education. Sentance at al. explored the use of community of practices for
teachers [133] and Fincher et al. survey many different models that could form the
basis of improving the professional practice of teachers [61]. Disciplinary Com-
mons [145] is one such approach that has been used in higher education but can also
be valuable for school educators.
In Scotland, the Scottish Government funded the project Continuing Professional

Development for Teachers of Computing Science. The outcome was the Profes-
sional Learning Network for Computing (PLAN C). The professional development
programme was largely designed around the idea of Disciplinary Commons where
computing educators could meet and discuss computing research appropriate for
deployment in practice, prior to use and after it. The network comprised of a number
of communities of practices spanned across Scotland guided by lead teachers. The
approach required identification and training of lead teachers also using a Disci-
plinary Commons approach. PLAN C was subsequently evaluated and deemed to be
successful with at least half of potential computing teacher candidates engaging with
at least one PLAN C session. For those participants surveyed the majority deemed
the solution a positive impact for teachers and students [40].

3.3.3 Scottish Industry Partnership Programmes for Higher Education

The Apprenticeship Levy, introduced in 2017, is UK wide and so is payable by
all employers regardless of where they reside. However, Skills and Education is a
devolved matter (see Sect. 2.4) and so the implementation of how the Apprenticeship
Levy is accessed and utilised depends on the nation.
In the first year of collection, Scotland received £221 million pounds from the

Apprenticeship Levy. The Scottish Government decided to fund a number of initia-
tives in response to the allocation of the budget, including Graduate Apprenticeships.
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A Graduate Apprenticeship is essentially a 48-month programme delivered in part-
nership between Higher Educations Institutions (HEIs) and industry partners to the
eventual attainment of a degree. The GA programme is administered by the national
skills agency, Skills Development Scotland (SDS). The agency provided a select
number of GA specifications developed in partnership with academia and industry.
Employers and Universities would then form partnerships and agree to shepherd a
number of students or employee through these specifications.
The concern for some institutions in Scotland, particularly research-led institu-

tions, was the lack of familiarity and experience in delivering apprenticeship style
education in partnership with employers in the context of Higher Education. Skills
Development Scotland funded different research and development projects around
the specifications so that industry partners and employers could further refine deliver
plans.
Maguire and Cutts [95] report on one such project that researched and developed

the design of a GA programme in partnership with industry to deliver professional
Software Engineers. The investigation outlines research into the history of coopera-
tive and apprenticeship style education in the context of higher education. They also
outline case studies fromGermany, Ireland andCanada that involved institutional vis-
its and interviews with stakeholders involved in the delivery of apprenticeship-style
programmes in higher education. Maguire and Cutts outline a number of princi-
ples that should inform the design of apprenticeship-style programmes in higher
education.

3.4 Wales

Wales is a small nation to the west of England, with a rich and distinct history,
grounded in a Celtic cultural identity and the Welsh language (Cymraeg, alongside
English as one of the two official languages), with 29.1% of the population able
to speak Welsh. Its south coast became pre-eminent during the UK’s industrial
revolution due to extractive mining andmetallurgical industries, as well as associated
heavy industries, transforming the country from an agricultural society into an
industrial nation. Outside of the major population centers in the south and north of
the country, Wales is largely rural and mountainous, and suffers from post-industrial
socio-economic challenges, seasonal employment focused on the tourism industry,
and the dependence on the public sector for a significant proportion of jobs. Wales
also faces issues regarding inequality; almost a third of children live in poverty and
its proportion of employees who are the lowest-paid is the highest in the UK. Overall,
the poverty rate has been higher in Wales than for England, Scotland, and Northern
Ireland in each of the last 20 years. Prior to the UK’s exit from the European Union
at the end of 2020, the majority of the country (apart from the south-east corner,
including its capital city Cardiff, and the regions bordering England) had historically
been designated by the European Union as so-called "Convergence areas", meaning
the per-capita GDP was less than 75% of the European Union average, making
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it eligible for a range of European strategic funding initiatives, resulting in large
investments in skills and infrastructure.
Education in Wales has historically developed along similar lines to that of Eng-

land, with UK legislation largely having force in both countries; especially following
the establishment of the National Curriculum from the Education Reform Act 1988.
In 1997, Wales held a referendum which determined the desire for self-government,
leading to the Government of Wales Act 1998, which created the National Assembly
for Wales – to which a variety of powers were devolved from the UK parliament on
July 1, 1999. In particular, education – which until then was a UK-wide government
portfolio (minus Scotland, which for historical reasons, has had a distinct legal and
education system from England andWales) – came under the control of the National
Assembly for Wales (now, Senedd Cymru or Welsh Parliament). Now, the Welsh
Government has control over education policy, teachers’ pay and conditions through
theWelsh Parliament, although the UKGovernment still retains control of certain ar-
eas, such as teachers’ pensions. Education in Wales has developed a distinct identity,
with education policy and the wider Welsh education system increasingly diverging
from policies and practices in England. This is set to continue with the major edu-
cation system-level reforms currently taking place at the time of writing, including
significant changes to the national curriculum, assessment and qualifications.

3.4.1 Schools in Wales

Prior to devolution in 1999, the education system in Wales was essentially identical
to that in England and was in a healthy state, outperforming other regions in the
UK in the years prior to and immediately following devolution. However, ever since
devolution saw the education portfolio transferred to the National Assembly of
Wales, it has suffered a decline, as measured by key international measures such as
the OECD’s Programme for International Student Assessment (PISA).
Whilst broadly maintaining the general educational system used in England, the

Welsh Government embarked on a 10-year revolutionary plan including the in-
troduction of the Welsh Baccalaureate, an overarching qualification with a purely
practical-based assessment incorporating transferable skills useful for higher edu-
cation and employment, as well as explicitly using education as a lever to tackle
socio-economic deprivation. Much of this plan was widely lauded by key stake-
holders, being learner-focused and practitioner-led, placing an emphasis on skills
development and ensuring that it is appropriate for the specific needs of Wales.
However, since its implementation, it has been criticised for various reasons and by
various stakeholders, in many cases due to the inconsistent approach to its imple-
mentation in schools. The Welsh Government’s Minister for Education and Skills
appointed in June 2010, in looking for the reasons behind Wales’ failing education
system, found cause to commission no fewer than 24 reviews before his resignation
in February 2013 – almost one per month, with a range of issues related to the
teaching of ICT .
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3.5 Ireland

3.5.1 Schools in Ireland

Primary computing education in Ireland

Currently there is no formal primary school computing curricula, but research [110]
and efforts are underway to investigate the inclusion of computing at primary level
as part of the national primary curriculum review [115]. In July 2016, the National
Council for Curriculum and Assessment (NCCA) was asked by the then Minister
for Education and Skills, Mr Richard Bruton, TD., to investigate approaches (with
intention to deliver) to integrating coding and computational thinking into the pri-
mary curriculum. It should be noted at this time, that while coding and computational
thinking were used as initial terms, these were coined by theminister at that time[51],
and as time progressed computing and its associated concepts were considered in
the research and reviews. This request for the inclusion of coding was also the case
for second level computer science as a standalone upper secondary school subject,
which will be discussed in detail in Section 3.5.1. Responding to this request, the
NCCA carried out research including an audit of curriculum policy related to coding
in 22 jurisdictions; a more in-depth investigation in six jurisdictions; and a review
of literature on computational thinking. In parallel the NCCA also conducted two
phases of "work with schools". These bodies of work Concluded in a final report
with key discussion points and future directions in relation to integrating coding and
computational thinking in a redeveloped primary school curriculum.

Research: In 2016 the first body of research was a desktop audit of 22 jurisdic-
tions to better understand the landscape of primary coding curricula [109]. Interest-
ing insights emerged from the report, such as the degree of variation of content and
integration, the UK was the first country to introduce coding as a mandatory compo-
nent of the (computing) curriculum at primary level in 2014, the age of introduction
varies, and location of coding within the curriculum varies across jurisdictions (from
an independent subject to Cross curricular). This report laid the foundations for a
deeper dive in 2018 when six curricula were investigated in detail [112]. The ju-
risdictions were: England, New Zealand, Finland, the US (Washington state with
CSTA), Northern Ireland and Scotland. This work reported commonality in terms of
what is taught, insights on the need for cross curricula implementations and that con-
tinuing professional development of teachers in relation to code in primary schools
is a priority in all six countries in the study. This research was proceeded by a report
from Millwood et al. [102] reviewing the literature on Computational Thinking. It
concluded that Computational Thinking was the right focus in primary education
and should be implemented as a cross curricular component of the curriculum. Fi-
nally they also provided a caveat that "Unplugged approaches are useful, but must
be clearly linked with progression to plugged activities".

Working with schools:While most jurisdictions develop a curriculum first and
then implement it, the NCCA have investigated possible elements of a coding cur-
riculum in parallel to the research previously mentioned. These were represented in
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two phases.Working with schools phase one consisted Phase 1 [111] and involved 15
primary schools beginning in fall 2017. These 15 schools were selected based on the
teachers having prior experience. This was in an effort to document the current state
and capabilities of informal computing at primary level. This was also to plan and
share examples for phase 2. Classes ranged from junior infants to sixth class and rep-
resented a range of school types and location, from disadvantaged to rural schools.
Phase two began in fall 2018 [113], with novice teachers with little to no prior
coding experience. This was to inform future possible curricula developments and
gain understanding of the potential benefits of teaching coding and computational
thinking and physical computing through project-based pedagogical approaches. 25
schools took part with similar class age ranges and demographic spread as the phase
one criteria. This was in essence a trail run for coding as the majority of teachers, if
rolled out nationally, will not have taught coding before.

Final report: The capstone to the NCCA’s research and working with schools
phase one and two, prior to the national curriculum review was the final report on the
Coding in Primary Schools Initiative [114]. This brought together the foundational
research, the phase 1 and 2 trails and an additional research investigation involving
collecting data from teachers, management, parents and students (from the working
with schools phase 1 and 2). The reported concluded (with many other insights
gained from the interviews and focus groups as part of the research investigation)
with the identification of three aspects of digital competence — creating with tech-
nology, understanding technology, and using technology — as fundamental to the
inclusion of coding and computational thinking in a curriculum.

The next steps for primary computing in Ireland: Following this and with on-
going discussions and review, the NCCA have three ongoing pieces of commissioned
research: creating with technology, understanding technology, and using technology.
These are forming core components for the consideration of digital technology (the
possible name suggested in the conclusion of the final report) in the current ( the time
of writing this chapter) national primary curriculum review. The possible outcomes
of this body of work are:

• Digital technology will be a standalone subject in the new primary national
curriculum

• Digital technology will be integrated as a cross curricular component (to what
extent is unknown) in the new primary national curriculum

• Digital technology will not be considered in the new national primary curriculum

Second-Level computing education in Ireland

Ireland’s first association for computing (for primary and secondary education, with
many third level members) was CESI (Computers in Education Society of Ireland).
CESI was not only the first established computing associating set up in Ireland
(formally established in 1973), it is also the first and only official (department of
education associated) Teacher Professional Network (TPN) for K-12 computing
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teachers. One of the co-founders, Elizabeth Oldham [121] is the keynote for ITiCSE
2022 (the 27th annual conference on Innovation andTechnology inComputer Science
Education4). A brief history of CESI can be found in the references [120]. CESI
marks the starting point of the Irish journey of computing education, although it
still took almost 40 years of enduring effort from CESI and other educators for a
formal standalone lower followed by an upper second level subject to become reality.
The history of second level computing in Ireland can be split into two distinct era’s
(the early years and recent years), with some bridging policy and research between
the two era’s (where one might call this the second level computing "ICT era" for
computing at K-12 in Ireland).

The early years: The early stages of computing history in Ireland was originally
published by Oliver McCarr in 2009 [99], where this section summarises the most
significant events from the systematic review by McCarr to provide a broad terse
overview for the reader. From 1975 CESI hit the ground running, by introducing
early research in teacher PD [99] and computing experiments in schools [103].While
there was a growth spurt in initiatives and activities such as teacher diploma courses
in computing or a department of education white paper (all discusses in the McCarr
report [99]), a very noteworthy series of events occurred, and while they fizzed
out over time, they were significant first steps towards formal computing education
at K-12 in Ireland. Perhaps most significant early success (where CESI was a key
driver) was 1981 which saw the inclusion of an optional computing component in
the upper second level mathematics subject. While this was a positive first step,
there were several limitations [99], firstly, the computing component was optional
and not formally examined by the state exams commission, secondly, the learning
outcomes were not defined by the department of education, instead any school ap-
plying to include this option, had to submit their learning outcomes. Following the
steps taken for the upper second level subject, in 1984 the department of educa-
tion also developed a lower second level subject, however just like the mathematics
optional computing component at upper second level, the subject was not formally
assessed. Over time both computing integration and subject attempts fizzled out [99].

The ICT era: Perhaps we are being too pessimistic from a computing viewpoint,
as many jurisdictions also migrated in this direction, where the name "ICT era"
spans from the abandonment of computing for a focus on more generic ICT related
skills. McCarr in his work named this period/era as the “keyboarding phase” [99].
Irrespective of the colloquial terms used to describe this period, one fact remains,
computing took a back seat to ICT, for a multitude of reasons which are described
in the McCarr report. In 2000 the department of education published their IT2000
report [55] followed by the "Blue print for ICT in education" [81]. These reports
present the pressures and mindset at the time for the need of ICT skills. McCarr
concludes that the rationale for a focus on ICT was based on Economic factors as
well as findings from the OECD where Ireland at the time performed at best average
but at times below average [99]. Finally, the ICT era concluded with an NCCA

4 https://iticse.acm.org/2022/

https://iticse.acm.org/2022/
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report in 2007, "ICT Framework - A structured approach to ICT in Curriculum and
Assessment: Revised Framework" [108]. This again reinforced the move towards
ICT rather than computing skills.

Recent years:The 2010s saw a significant shift again, this timemigrating towards
the inclusion of computing curricula at lower and upper second level. The initial
offering from the NCCA came in the form of a Junior Cycle Short Course in coding,
introduced in 2016 [46]. A Junior Cycle short course is a 100-hour course and
can be delivered at varying stages across the three years of the Junior Cycle. They
are classroom-based and assessed, with an emphasis on active learning. The short
courses were not intended to replace existing subjects, but allow schools to broaden
the range of learning experiences for students, and to access areas of learning not
covered by the combination of curricular subjects available in the school. LERO
(the Science Foundation Ireland Research Centre for Software 5) was commissioned
to write the short course, where the process consisted of the specification (2014-
2016), a pilot project between January 2016 and January 2017 (in collaboration with
the JCT (Junior Cycle for teachers support service) team and Intel. Three reports
were produced to document the process and findings " “Exploring Coding – a CPD
initiative to support the introduction of the junior cycle short course inCoding", "CPD
phase-Coding in Action” and a "final" report [93].This short course has three strands.
The first of which is "computer science introduction". This has grounded links for
computer science comprehension and the understanding of a notional machine. The
second strand is titled "lets get connected". This strand develops communication and
architecture comprehension with a related learning outcome to build a website using
HMTL and CSS. The final strand and perhaps the core, is "coding at the next level".
In parallel to the junior cycle short course there was still reminisce of the ICT

era with the Digital Strategy for Schools report [80]. While ICT is acknowledged
as an important area, listed within this ICT (digital technologies) report was section
4.1 to 4.5. The first formal commitment to deliver computer science as a subject at
upper second level as a state assessed subject, putting it on equal footing to subjects
like Biology, Geography or Physics. This section was added in 2017 (the first draft
of the report was first published in 2015). As with the primary curriculum review,
it was the then Minister for Education and Skills, Mr Richard Bruton, TD., who
fast-tracked the development of the Leaving Certificate Computer Science (LCCS)
subject [107].
The course structure for assessment consists of a 70% terminal examination (with

discussion that it would be online) and a 30% mark for a practical project called an
Applied LearningTask (ALT) based on one ormore of theALTs detailed in the course
specification [107]. The NCCA have also specified two programming languages that
the course must only use, Python and/or JavaScript. The main rationale for this was,
as the State Examinations Commission (SEC) grade the terminal exam centrally, a
multitude of programming languages would be difficult to regulate or get teachers
to grade. Similar to the Junior Cycle Short Course, the Leaving Certificate Course
consists of three strands. Strand one is "practices and principles", strand two is "core

5 https://lero.ie

https://lero.ie
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concepts" and strand three is "computer science in practice" containing four applied
learning tasks (ALTs), which in essence compliment strand one and two [107, 128].
After development of the curriculum (in Ireland called a specification), a staged

roll-out began in 2018 with 40 schools [3]. A textbook for the curriculum was
published in 2020 [13] and the subject is now being taught in approximately 150 (of
722 schools total). In 2020 a framework document was developed by the department
of education to support the growth and uptake of the optional subject [47].

3.5.2 Higher Education in Ireland

From its outset, the academic study of computing in Ireland was strongly linked with
the Irish software industry and the government’s involvement in its growth [75].
Currently Ireland is home to the EMEA headquarters of many multinational tech
firms, and 16 of the 20 top global technology companies have strategic operations in
Ireland including Apple, Facebook, Google Microsoft and Twitter. Dell/EMC, Eric-
sson, HPE, IBM, Intel, and Oracle have all been present in Ireland since before 1990
and still maintain a significant presence there [12]. A small population combined
with a tightly integrated third-level educational landscape (featuring, for instance,
a centralized third-level admissions system) and a globally competitive technol-
ogy industry creates a fertile environment for computing education. The presence
of companies like Intel have directly influenced the computer science curricula of
Ireland’s third-level institutions [94]. Companies such as Ericsson have also had
similar influence [12]. When asked what influenced their choice of programming
language of instruction for introductory programming in a 2019 survey of introduc-
tory programming instructors representing 90% of all publicly-funded and 80% of
privately funded institutions, 81% reported “relevant to industry” – the top reason of
15 choices [12]. Ireland has also had a unique impact on global computing education.
For example, CoderDojo was founded in Ireland in 2011 and is headquartered in
Dublin [12].

Enter Industry and the Birth of Computing Courses

IBM opened an office in Ireland in November 1956 and the first academic computer
– an IBM 1620 – was installed at University College Dublin in March 1962 and
UCD’s computing strategy was initiated and led by its science faculty. [4]. This was
quickly followed by the installation of another IBM 1620 in June 1962 at Trinity
College Dublin [75] by Trinity’s engineering school [4]. In 1964 University College
Cork installed an IBM 1620 model 2 in its electrical engineering building, and in
1967 University College Galway installed an IBM 1800 data acquisition and control
system in 1967 [4].
Professor John Byrne, the founder and long-time head of Trinity’s Department

of Computer Science, had such an impact on Irish computing that he is known by
many as the “Father of Computing in Ireland”. He identified that a major limiting
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factor for the emerging technology sector globally was the lack of an appropriately
skilled workforce - a fact that is largely still true today. He was largely responsible
for developing the educational programmes and creating a foundation of skilled
professionals that contributed to attracting computing businesses to Ireland [75, 41].
In 1963 an M.Sc course in Computer Applications began at Trinity and in 1969

a Computer Science Department was established there [130]. In 1968 UCD built a
temporary computer centre [5] and completed in 1970 [153] and began a BSc in
Computer Science in 1970 [7]. It is unclearwhen their Computer ScienceDepartment
was formally established, but it was in place by 1972 [129]. UCD graduated its first
Computer Science BSc cohort in 1972, the same year the first Computer Science
PhD graduated (supervised by the Mathematics department) [153].

Organisation: Industry, Government and Education

In 1967 the Irish Computer Society (ICS) was founded as the national body for
Information and Communication Technology (ICT) professionals in Ireland. Since
its foundation the ICS has promoted the development of professional ICT knowledge
and skills in Ireland. The ICS represents its members to government on topics
such as budgets, taxation, data protection, education and training and its members
subscribe to a code of ethics. The ICS is a member of the Council of European
Professional Informatics Societies (CEPIS) which maintains formal and informal
links with the European Union and is recognised as a non-governmental organisation
with consultative status by the Council of Europe [138].
In January 1976, UCD News reported that Professor Denis J. McConalogue, Pro-

fessor of Computer Science andMr. John Lowe, Senior SystemsAnalyst in the Colleg
Computer Centre were nominated to serve on the new Advisory Group for Computer
Services established by the Higher Education Authority. In addition to the Authority
itself, representatives from higher education, institutions, government departments,
and private sector companies would serve as members of the group [152].
In 1981 The Irish Science and Technology Agency (EOLAS) – a state-sponsored

body focused on the IT area set up in 1977 – produced a report on the Irish Computing
industry entitled Microelectronics: The Implications for Ireland. Included in its
recommended policies for the sustainability of the IT industry was funding at tertiary
level of computer-related education and the extension of information technology
appreciation into all secondary schools [104].
By 1988 Ireland was the second largest exporter of software in the world and the

value of software exports exceeded that of agricultural exports [33], and in 2019
Ireland was still the second largest exporter of software in the world [12]. In 1991
a Program in Advanced Technology for Software was established with one aim of
increasing third-level education opportunities [71].
In 1998 proposals were put to government covering actions including increased

educational capacity at third level [71]. In 1991 The National Software Directorate
(NSD) was set up to align industry with education, creating niches in the software
market and value from research in the area of software technology [73] with a 1992
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budget of 1.4m [71].Amongst its aimswere helping coordinate educational activities,
and promoting software as a career, particularly to second level students [33].
Interestingly, in 1998 Condon reported that there was a large gender disparity

in Computer Science with students identifying as women significantly underrepre-
sented and that one of the goals of the NSD was to make computing just as attractive
for women as men [33]. Over 30 years later this is still the case. A 2017 survey of
several hundred Irish introductory programming students found that only 24% of
students identified as female, and noted that the Higher Education Authority reported
only 15% of students in computing degrees identified as female [141]. Another 2017
study of over 600 students at ten Irish and one Danish institution found that students
identifying as female reported significantly lower programming self-efficacy [127].
A 2019 Higher Education Authority survey reported that only 19% of undergraduate
and 24% of postgraduate Information and Communication Technologies (Computer
Science is not analysed separately) students identify as female [59].
As director of theNSD,Condon identified thatmatching educational activities and

industry needs in an area which had developed as rapidly as software was difficult.
As a result, with the help of Enterprise Ireland, in 1992 [123] a forum involving
the heads of all third level departments of computing, industry representatives, and
the NSD itself was established. In 1998 this forum met about four times a year
and had already emerged as a useful means for identifying common issues and
concerns, and in providing a valuable input into policy formation [33]. This forum
still exists today as the Third Level Computing Forum, and still meets four times
per year, now with the Department of Education and Skills, the National Council for
Curriculum and Assessment, and Enterprise Ireland having regular representation.
A key to the success of the Forum has been the participation of industry, Government
Departments and Semi-state and professional bodies in addition to all of the HEIs
and second level and guidance counsellor representation [123].

Recent Years

In recent years, increased focus has been placed on apprenticeships, upskilling, and
teacher training (specifically for the second-level Leaving Certificate Computer Sci-
ence curriculum). Currently there are dozens of university provided programmes at
the Diploma and MSc levels available to those who wish to change careers or im-
prove progression potential. Several of these are specifically designed for in-service
teachers who would like to teach computer science at school level. There are also
two Bachelor’s degree programmes aimed at pre-service computer science teachers:
Bachelor of Arts Education (Computer Science and Mathematical Studies) at NUI
Galway6 and BSc in Computer Science, Mathematics & Education at University
College Dublin7.

6 https://www.nuigalway.ie/courses/undergraduate-courses/education-computer-science-
mathematical.html
7 https://www.myucd.ie/courses/science/computer-science-mathematics-education/

https://www.nuigalway.ie/courses/undergraduate-courses/education-computer-science-mathematical.html
https://www.nuigalway.ie/courses/undergraduate-courses/education-computer-science-mathematical.html
https://www.myucd.ie/courses/science/computer-science-mathematics-education/
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A major focus in computing education in Ireland in recent years has been on
diversity, equality and inclusion. There are currently three computing departments
holding Athena Swan (bronze) awards: IT Carlow, Trinity College Dublin, and the
University of Limerick. In 2017 the IrishNetwork forGender Equality InComputing:
INGENICwas created to “to unite, coordinate, and boost efforts in addressing gender
equality in computing across all third-level institutions in Ireland.8. The network has
representatives from the computing departments of every higher education institution
in Ireland.
There are several large computing education research groups in Ireland including

NUI Galway, the Computer Science Education Research (CSER) at Maynooth Uni-
versity, CSINC9 at Technological University Dublin, and the Computing Education
Research Group (CERG) at University College Dublin. Lero, the Science Founda-
tion Ireland (SFI) Research Centre for Software10 also conducts computing education
research. Combined these groups have produced approximately a dozen PhDs and
have over two dozen current PhD students focused on computing education.

Funding

There is no specialised source of funding for Computing Education Research in
Ireland. Funding can be sought from several disparate sources however, this typically
requires that the direction of the research must be shaped to align with the aims of
the funding body or particular call. Sources include:

1. The National Forum for the Enhancement of Teaching and Learning in Higher
Education11

2. Science Foundation Ireland (e.g. “Discover” calls)‘

Additionally, regional and international (e.g. EuropeanUnion) funding is available
for specialised calls, in addition to globally-scoped special funds (e.g. SIGCSE
Special Projects Grants).

4 Scientometrics of CER in the UK and Ireland

Having surveyed the factors that have influenced the development of CER in the
UK and Ireland, we now review the outputs in a scientometric analysis. The analysis
is based on a data-set that was retrieved from SCOPUS through a search based on

8 https://ingenic.ie/
9 http://csinc.ie/
10 https://lero.ie/
11 The National Forum was established in 2012 to enhance teaching and learning for all students in
Irish higher education. The National Forum mobilises expertise from across the higher education
sector to formulate and disseminate best practice across higher education institutions in Ireland [74].

https://ingenic.ie/
http://csinc.ie/
https://lero.ie/
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keywords and publication venue. The retrieved data were manually checked for rele-
vance, cleaned, checked and verified as described in detail in chapter 4 ??. In addition
to the venues already identified, we add Computing Education Practice (CEP) and
the UK and Ireland Computing Education Research (UKICER) conferences. Not
all relevant papers are captured through this search. In particular the International
Journal of Computer Science Education in Schools (IJCES) https://www.ijcses.org/
is not indexed, in SCOPUS, although it does appear in Google Scholar, ERIC and
Crossref. For this chapter, only articles with an author with a UK affiliation at the
time of article publication were included regardless of the author order. The total
number of articles was 1301. The author, institutions, and country networks were
constructed using the fractional counting methods(Ref 1). The structural topic model
analysis was based on the topics created using the methods in chapter (X) Ref 2.

4.1 Data Cleaning

Detailed manual cleaning of the identified set of papers was carried out for the base
data-set, and then further work was done to identify current research institutions
(mainly Higher Education Institutions) in the UK and Ireland corresponding to the
institutional affiliations listed in the original papers. Different types of changes were
made to institution titles

1. Grouping of different names of the same institution e.g. UNIVERSITYOFKENT,
UNIVERSITY OF KENT AT CANTERBURY, UNIV OF KENT AT CANTER-
BURY, UNIV. OF KENT, UNIVERSITY OF KENT CANTERBURY

2. Renaming of institutions to their current title, for example SHEFFIELD POLY-
TECHNIC became SHEFFIELD HALLAM UNIVERSITY as part of the 1992
founding of "new universities" in the UK from former polytechnics and central
institutions

3. Renaming following merger of institutions e.g. PAISLEY COLLEGE OF TECH-
NOLOGY became part of the UNIVERSITY OF THE WEST OF SCOTLAND

4. De-merging of institutions that were listed with the same title e.g. ABERYS-
TWYTH from UNIVERSITY OF WALES, MAYNOOTH from NATIONAL
UNIVERSITY OF IRELAND

5. Shortening to familiar abbreviations e.g. QUEEN’S UNIVERSITY BELFAST to
QUB

6. Identification of institution titles where sub-institutional titles had been extracted
e.g. SCHOOL OF COMPUTING

This was not a straightforward process as no one author had enough knowledge of
the different institutions. Most of the identification was done through automatically
extracted institutional affiliations, but some required going back to the original papers
e.g. for de-mergers.
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4.2 Number of Publications and Citations

The most basic counts that can be made of published research are the number of
publications and the number of citations. First Fig. 1 shows historical trend of the total
number of CER papers published by authors affiliated with institutions from the UK
and Ireland. In many cases there is collaboration between institutions and countries,
so these are apportioned according to the number of authors. Whilst it would be
possible to further break down the paper count to differentiate between Wales,
Scotland, Northern Ireland and England, presenting the sometimes small volumes
and multiple combinations of collaboration makes this too difficult to present in this
way. Fig. 2 shows only the trend in papers including authors at institutions from the
UK and Ireland.
There is a noticeable surge in publications in the mid-1990s, shortly after the

conversion of former UK polytechnics to universities, and in Ireland the foundation
of Institutes of Technology (IoT), both in 1992. It is possible that staff at these institu-
tions, which had a mainly teaching remit, looked to generate research outputs based
on their teaching. There is no comparable increase in publications internationally in
the mid-1990s so the proportional contribution of the UK and Ireland to all CER
publications increased dramatically during this period.
This late-90s surge then drops away, before another surge in 2005, possibly in

response to the desire to address curriculum and pedagogy in the light of falling
numbers of computing students in unversities. Finally there is an increase from 2015
onwards, possibly driven by curriculum reform in schools [22] and the Shadbolt
report on employability [135]. The current peak in outputs and proportion of all
outputs is reflected in, and partly driven by, the establishment of the ACM SIGCSE
chapters in Ireland and the UK, and outputs from Computing Education Practice
(CEP) and UK and Ireland Computing Education Research (UKICER) conferences.

4.3 Most Frequently Cited Papers

Tab. 1 lists the papers that include authors from the UK or Ireland that have had
the most citations per year (CPY) since publication. These are dominated by papers
about teaching of programming, but with important contributions around school
curriculum, particularly following on from the development of national curricula in
schools from 2014.

4.4 Collaboration Networks

It is relatively straightforward to identify the names of collaborating authors, as
they are listed directly in the search results. These data can then be used to build
a network, where the edges represent paper collaborations, apportioned according
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Title Year Authors C CPY
Failure Rates in Introductory Programming Revisited 2014 Watson & Li 283 35.4
Introductory Programming: A Systematic Literature Re-
view

2018 Luxton-Reilly, Simon, Becker, et
al.

125 31.3

A Multi-National, Multi-Institutional Study of Assessment
of Programming Skills of First-Year CS Students

2001 McCracken, Utting, et al. 453 21.6

Computing in The Curriculum: Challenges and Strategies
From A Teacher’s Perspective

2017 Sentance & Csizmadia 107 21.4

A Survey of Literature On The Teaching of Introductory
Programming

2007 Pears, Devlin, Paterson, et al. 317 21.1

Restart: The Resurgence of Computer Science in UK
Schools

2014 Brown, Sentance, Crick &
Humphreys

142 17.8

37 Million Compilations: Investigating Novice Program-
ming Mistakes in Large-Scale Student Data

2015 Altadmri & Brown 119 17.0

Computer Science in K-12 School Curricula of The 2lst
Century: Why, What and When?

2017 Webb, et al. 81 16.2

Automatic Test-Based Assessment of Programming: A Re-
view

2005 Douce, Livingstone & Orwell 250 14.7

Educating The Internet-Of-Things Generation 2013 Kortuem, Bandara, Smith,
Richards & Petre

117 13.0

The Impact of Covid-19 and "Emergency Remote Teach-
ing" On The UK Computer Science Education Community

2020 Crick, Knight, Watermeyer &
Goodall

26 13.0

A Systematic Review of Approaches For Teaching Intro-
ductory Programming and Their Influence On Success

2014 Vihavainen & Watson 103 12.9

The Greenfoot Programming Environment 2010 Kölling 149 12.4
Compiler Error Messages Considered Unhelpful: The
Landscape of Text-Based Programming Error Message Re-
search

2019 Becker, et al. 32 10.7

No Tests Required: Comparing Traditional and Dynamic
Predictors of Programming Success

2014 Watson, Li & Godwin 84 10.5

Teaching Introductory Programming: A Quantitative Eval-
uation of Different Approaches

2014 Koulouri, Lauria & Macredie 84 10.5

A Multi-National Study of Reading and Tracing Skills in
Novice Programmers

2004 Lister, Fone, Thomas, et al. 185 10.3

Developing Assessments To Determine Mastery of Pro-
gramming Fundamentals

2018 Luxton-Reilly, Becker, McDer-
mott, et al.

40 10.0

50 Years of CS1 at SIGCSE: A Review of The Evolution of
Introductory Programming Education Research

2019 Becker & Quille 30 10.0

Source-Code Similarity Detection and Detection Tools
Used in Academia: A Systematic Review

2019 Novak, Joy, et al. 30 10.0

Table 1 Most-cited articles with total number of citations (C) ordered by citations per year (CPY)
with CPY more than 10. List of authors includes first author and any authors from the UK and
Ireland
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to the number of authors. Representing this network graphically, where frequently
collaborating authors are placed near to each other, is shown in Fig. 3. The size of
the nodes corresponds with the apportioned number of articles published — which
is not a very reliable measure because it is assumed that for any given paper all listed
authors make the same contribution to it.
Following the cleaning of institutional affiliation data, a collaboration network

can similarly be constructed for institutions, see Fig. 4. It is noticeable that a large
proportion of the institutions listed are not in the UK or Ireland. This may be because
the community is outward looking and keen to engage with educators and students
in other contexts — or that researchers are often isolated and hence more likely to
find collaborators at international conferences than within their own or neighbouring
institutions. Tab. 2 shows how international conferences dominate the venues of CER
publications from the UK and Ireland. Fig. 5 shows the co-publication relationships
between different countries explicitly. It is noticeable that authors from the UK are
much more likely to collaborate with colleagues in the USA than colleagues in
Ireland, and vice versa, although this could be explained simply by the number of
researchers and outputs from the USA. In general it is surprising how little the level
of collaboration depends on geographical proximity, or even a common language.

Venue Publications
Innovation and Technology in Computer Science, ITiCSE 437
ACM Technical Symposium on Computer Science Education, SIGCSE 140
ACM SIGCSE Bulletin 92
International Conference on Educational Research, ICER 70
Conference on Computing Education Practice, CEP 59
Workshop in Primary and Secondary Computing Education, WiPSCE 44
Koli Calling International Conference on Computing Education Research 41
Computer Science Education 36
Frontiers in Education Conference, FIE 33
UK and Ireland Computing Education Research Conference, UKICER 30
ACM Transactions on Computing Education, TOCE 29
International Conference on Informatics in Schools, ISSEP 13
ACM Journal on Educational Resources in Computing 10

Table 2 Venues that have published 10 or more papers by authors from the UK and Ireland

4.5 Topic Modelling

Fig 6 shows how the subject content of published articles has changed over time. This
analysis was performed by carrying out topic modelling on the titles and abstracts
of papers, with apportionment of papers between topics where multiple topics were
identified (see chapter ??) . There are some interesting trends to note in terms of the
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Fig. 3 Author collaboration for outputs including institutions from UK or Ireland. Colours denote
clusters of collaborating authors

total number of articles published, and we break these down into five main patterns:
steady; emerging; receding; fluctuating; and missing.

Steady

Some topics have sustained a fairly constant rate of publication, particularly when
considering the overall increase in the number of papers. Programming, Assessment
and Pedagogy fall into this category, although at different levels of activity. Program-
ming has always had a high number of papers, and the top three papers in terms of
citations per year are also in this area (see Tab. 1).



40 Becker, Bradley, Maguire, Black, Crick, Saqr, Sentance, and Quille

Fig. 4 Institution collaboration for outputs including institutions from UK or Ireland. Colours
denote clusters of collaborating institutions

Emerging

Coverage of these topics has increased substantially over the period: Computational
Theory; Computational Thinking; Data Mining; Educational Psychology; Gender
and Diversity; Introductory courses; Projects; STEM. In some cases this is relatively
unsurprising, for example Gender and Diversity have rightly had increasing public
focus in general, and specifically within HE through the Athena Swan scheme [147].
Computational Thinking is (arguably [144]) a new subject area and research into
Data Mining education reflects the growing amount of data that is collected and used
as part of our every day lives. Perhaps more surprising is the growth in the numbers
of papers about Projects, given that project work has long been an important and
sometimes difficult area of computing education.
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Fig. 5 International collaboration for outputs including institutions from UK or Ireland. Colours
denote clusters of collaborating countries

Receding

After early interest in Design and OOP there have been relatively few recent articles
on these topics, following peaks in 2004 and 2008 respectively. Education Tech-
nology within computing education research has also experienced a reduction in
the total numbers of papers, and a marked diminution in the proportion of all CER
articles written in the UK and Ireland.

Fluctuating

All of the topics showfluctuation, but there are some particularly noticeable varitions.
Software Engineering (SE) has fallen and then risen again, possibly reflecting a
move away from traditional SE techniques and an emergence of interest in agile
methodologies. Programming Languages have followed a similar pattern, perhaps
following the trend for adoption of Java in the early part of the century (relating also to
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Fig. 6 Topics by year. The size of the circle represents the number of papers published, the darkness
represents the number of citations received

a growth in OOP), a period of stability and then a move towards python. Curriculum
has also had a surge of interest coinciding with the introduction of national curricula
in schools in the 2010s. It might be assumed that Artificial Intelligence and Machine
Learning would be relatively recent ventures, in parallel with Data Mining, but these
have really experienced only a slight recent renaissance, with the peak of interest
(proportionally at least) in 2004/5.

Missing

Some topics — Databases and Networks – are surprising in their absence from the
list, given how much curriculum time is given to them at school and university.
Alongside small numbers for Computer Architecture and Operating Systems, it
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seems that computer systems topics in general are under-represented. We might
similarly have expected to see more on web and internet systems/programming
given how central they are to industrial practice, as well as computing syllabuses.
Security, mobile, and cloud computing are also missing from this list of the most
common topics, possibly because they are relatively new and systems-focused.

5 Discussion

We have seen that CER in the UK and Ireland has a long history, for such a young
subject. The British Isles have made strong contributions to the international com-
munity of CER, and maintain strong international collaborations. At the time of
writing that contribution is as high as it has ever been, based on the proportion
of all CER papers published internationally. Our CER community has contributed
strongly to the establishment of national curricula, where the UK and Ireland have
been in the vanguard internationally. Government funding, when it has come, has
usually been in relatively large amounts over relatively short periods, such as the
National Centre for Computing Education or the Institute of Coding. These have
usually targeted delivery of training, rather than research into appropriate pedagogy
and curricula. Some research has fallen out of this funding, through the interest of
the people working on it, but it has not helped to develop the research community in
terms of PhD or other research funding.
CER is not well funded in the UK and Ireland, with no national government

grant-awarding bodies having this specified within their remit. To some extent this
is due to issues of intersectionality: should it sit within education research funding
or computing research funding? Should the quality of the research be assessed by an
education panel or a computing panel? And should research into teaching children
about computing be done in schools or universities? Much of this can be put down
to the relative youth of the subject within university settings, where more traditional
subjects dominate. However it is notable that other countries do have national funding
that is accessible to computing education researchers e.g. the NSF in the USA.
Because most tenured academics are required to carry out teaching as well as

research activities, CERoutputs are often rooted in the authors’ own teaching practice
or interests, rather than in funded projects. To some extent this gives a welcome
freedom because the direction of research is not usually dictated by national policy
initiatives, and researchers can choose to follow their own path. Most teachers in
schools, however, don’t have the time or training to engage in research, so outputs
are more often focused in Higher Education, where scholarship and research is a
more central expectation.
Looking forwards, recent growth in computing student numbers has meant an

increase in university staff, which may lead to further engagement in CER. It would
be interesting to explore the scientometric data to see the extent to which new
people are joining the CER community. Emerging topics identified from the analysis
are AI and Machine Learning, Educational Psychology, Computational Theory and
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Gender and Diversity. Like most of the rest of the world, we continue to struggle
with introductory programming, with assessment (particularly plagiarism) and with
pedagogy. Whether these topics will still be the main focus in ten years time depends
on developments in the subject and its pedagogy, but mainly on the interests of
staff engaged in teaching — unless a source of regular government funding is made
available to steer the direction of the community.
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