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Abstract
Informatics in schools is in a different situation in each country,
whether barely present or fully integrated into a national curricu-
lum. In this position paper we discuss the reasons (“why”) behind
teaching informatics to all students (“who”), the shape that this
should take (“what”), and offer case studies of two countries that
have implemented it in differing ways (and to differing extents):
England and Denmark, including “how” they initiated this change.
We find that although England has been successful at introducing
informatics at all ages, it is very programming focused. Denmark
offers a more rounded curriculum suitable for all students, but
progress has been slow at implementing it nationwide. Important
issues of equity remain unsolved and overlooked, especially around
special educational needs and disabilities.
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1 Introduction
Over the last ten to fifteen years the importance of “coding” has
been increasingly emphasised, by politicians and in the general
press. Headlines have proliferated urging schools to teach “coding”
to all pupils, and world leaders have weighed in to emphasise its
importance. This trend signals a shift in the public perception of
the importance of informatics, and in particular programming, and
raises many interesting questions, including: What do non-experts
and policy makers mean when they talk about “coding”? Are they
right in asserting that who it is for includes all pupils? And if they
are, why is it important? If the answers are convincing, then the
next question is how to introduce informatics into schools. It is
simple to pronounce that informatics should be taught in schools,
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but the actual process of carrying out such a change is difficult,
very context-dependent and relies on public support, political will,
and timing. This position paper discusses these questions using
examples from the school informatics curricula (and the process
of its introduction) from two nations: England and Denmark. We
present considerations in the design of these curricula, formulate
principles and guidelines, and discuss lessons learned.

First, we offer a brief note on terminology. There are many pos-
sible names for the school subject: computing, informatics, digital
technology, etc – all with their own subtle connotations. In this
paper we adopt the term informatics, in line with a recent multi-
national ACM report [10]. We will use individual countries’ own
terminology where appropriate (e.g. England calls its subject “Com-
puting”). As described by Stephens et al. [38], “teacher training” of-
ten refers to a more operational English model of inducting teacher
trainees into a specific subject, rather than a European model of
“teacher education” which is more reflective and academic, but we
will use “teacher training” to encompass both.

2 Case studies
The state of informatics in schools naturally varies by education
system, differing between and sometimes within countries (such as
in Germany [22] or the USA [18, 21]). A report from the European
Commission presents the status quo of 39 European education
systems for the school year 2020-2021 [14]. In this paper wewill give
case studies of two systems we are most familiar with – England
and Denmark – to examine some general principles.

2.1 England
England has a slightly complicated educational system1. There is
a National Curriculum for England, which is determined by the
government and is mandatory for government-controlled schools.
However, many English schools have now (somewhat controver-
sially [36]) become “academies”, which are allowed to deviate from
the National Curriculum. In practice, many academies continue to
follow it fairly closely [29].We provide a few excerpts here fromThe
National Curriculum for Computing in England2, with England’s
“key stage” terminology translated to age groups for clarity:
Ages 5–7: “Pupils should be taught to: understand what algorithms
are..., create and debug simple programs..., use technology safely
and respectfully ...” There is a deliberate focus on programming
from an early age. Typically this uses block-based languages, or
unplugged activities. There is also mention of technology usage.

1England is part of the United Kingdom of Great Britain and Northern Ireland, but its
education system is separated from those of Wales, Scotland and Northern Ireland.
2The full curriculum is public: https://www.gov.uk/government/publications/national-
curriculum-in-england-computing-programmes-of-study, retrieved December 2024.
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Ages 7–11: “Pupils should be taught to: design, write and debug
programs that accomplish specific goals..., use sequence, selection,
and repetition in programs..., understand computer networks in-
cluding the internet..., use search technologies effectively..., use
technology safely, respectfully and responsibly.” The curriculum is
half programming, half technology usage at this age group.
Ages 11–14: “Pupils should be taught to: use two or more program-
ming languages, at least one of which is textual..., understand sim-
ple Boolean logic [for example, AND, OR and NOT]..., understand
how data of various types... can be represented and manipulated
digitally..., undertake creative projects that involve selecting, using,
and combining multiple applications...” The focus is on program-
ming and computing principles more than technology. There is
an explicit requirement that students must move to text-based
programming (not just continue block-based).
Age 14+: England moves to elective subjects, so the national cur-
riculum becomes largely irrelevant.
In summary, England’s curriculum is primarily structured around

programming. This was a deliberate decision at the time to distin-
guish it from the prior Information and Communication Technology
(ICT) curriculum, which had an Information Technology (IT) appli-
cation focus and was deeply unpopular [5, 6]. There still remains
a substantial component (about a third to half) about technology
usage. It does contain several mentions of underlying principles
of informatics, such as data storage and networks. It is also a very
short document: the complete curriculum fits on two A4 pages.

2.2 Denmark
The EU have launched a Digital Education Action Plan for 2021–
2027 [15]. The EU has no direct role in setting education policy in
its Member States – this will act as a recommendation. Different
Member States are at different stages of implementing informatics
education. Denmark’s Ministry of Education established a task
force in 2008 to revamp the informatics curriculum – this was made
permanent (but not mandatory) for upper secondary education in
2015 [9]. A trial for primary and lower secondary education ran
2018–2021. The subsequent evaluation (in Danish [7]) found that:
informatics was considered by all stakeholders to be an important
and relevant subject; informatics is motivating and instructive, and
the pupils (of all genders) were motivated and learned successfully;
and formal teacher education is urgently needed – the trial managed
without but this was not considered a sustainable model.

The proposed curriculum document for primary and lower sec-
ondary arising from this trial is over 50 pages long and is available
online3. The four competence areas underlying this curriculum (as
relayed by Caspersen [9] in English) are:
Digital empowerment refers to the critical and constructive ex-
ploration and analysis of how technology is imbued with values
and intentions and how it shapes our lives individually, and as a
society. It concerns the ethics of digital artifacts and promotes an
analytical and critical approach to digital transformation.
Digital design and design processes refers to the ability to frame
problems within a complex problem area and, through iterative
processes, generate new ideas that can be transformed into form

3See https://emu.dk/sites/default/files/2019-02/GSK.%20L%C3%A6seplan.Tilg%C3%
A6ngelig.%20Teknologiforst%C3%A5else.%20pdf.pdf (in Danish) retrieved Dec 2024.

and content in interactive prototypes. It focuses on the processes
through which digital artifacts are created and the choices that
designers have to make in these processes, highlighting students’
ability to work reflectively with complex problems.
Computational thinking and modeling concerns the ability to
translate a framed problem into a possible computational solution.
It focuses on students’ ability to analyze, model, and structure data
and data processes in terms of abstract models (e.g., algorithms,
data models, and interaction models).
Technological knowledge and skills concerns knowledge of
computer systems, digital tools and languages, and programming.
It focuses on students’ ability to express computational ideas and
models in digital artifacts. This includes the ability to use computer
systems and the language associated with these and to express
ideas through programming. Working within this area aims at pro-
viding students with the experience and abilities needed to make
informed choices about the use of digital tools and technologies.

In summary, Denmark’s curriculum focuses on relatively high-
level abstract principles, with more focus on design as a general
process rather than programming as a specific implementation. It
also includes considerations of technology usage, and ethical issues
surrounding digital technology.

2.3 Contrasting Curricula
Some content is shared between the English and Danish curricula.
The Danish “computational thinking and modeling” mirrors the
understanding of algorithms evident in the English curriculum.
Similarly, the Danish “technological knowledge and skills” maps to
the English use of computer programs to achieve objectives, as well
as overlapping with some of the English programming content.

The Danish curriculum has a more distinct focus on design,
which Caspersen [9] explains is partly inspired by the Scandina-
vian school of Participatory Design [13, 20]. The Danish curriculum
also places greater emphasis on the ethics and design consequences
of technology in society, which has a more limited presence in the
English curriculum. The curriculum documents have very different
approaches to their structure: the Danish curriculum is longer and
more detailed: over 50 pages compared to the 2 pages of England’s
curriculum. This is not to say that either approach is necessarily
better, but it shows a large variation in approaches to conveying the
key items of a national education. Overall, the Danish curriculum
has some wider, higher-level concepts than the English curricu-
lum, which is relatively operational, with its list of specific (often
programming-related) topics and learning objectives to be covered.

3 What should school informatics look like?
In order to design and implement curricula for informatics in
schools, one must first have an overall vision for what that should
entail: What are the foundational principles of the discipline, what
are its practices, what are the relevant skills? In most countries,
informatics is well established at university and at the end of high
school (in the 15–18 age range), but is new for younger age groups.
There is no apparent limit to how young informatics could be intro-
duced in some form; England has introduced it from age 5 upwards.
But what should this look like?
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Most early initiatives (including those in England and Denmark)
to introduce informatics at school level started at the upper end
of the school curriculum: the subject was offered in the last two
or three years of secondary school, usually as an elective. The
content of such courses was initially heavily modelled on university
content. Essentially, first-year university level informatics teaching
was transferred directly to school level.

Later, when informatics teaching was expanded to younger age
groups, the material was extended and adapted for younger learn-
ers, but the method was similar: existing curricula were extended
backwards into younger years, to lead directly into existing courses.
The English curriculum is a typical example: it focuses strongly on
programming as a central practice, from discussing algorithms to
building and implementing software systems. The flavour of the
topics is decidedly aimed at software development as a practice and
“computational thinking” as a principle.

While this approach works well as a path into an informatics-
related career, it is in danger of under-serving a wider purpose:
educating a general population of citizens, most of whom will not
become software engineers. In extending the university curriculum
downwards throughout school education, it has not extended from
its original purpose: to educate computer scientists. Not every pupil
will (or should) become a computer scientist, so how should the
curriculum be framed? Elements of a good education are two-fold:
they prepare learners for possible further study of a specific subject
later, but they also convey a general body of knowledge to all
pupils – whether they intend to become specialists or not – because
this is seen as necessary to make sense of the world around us,
and to function as an engaged, educated citizen in our society. In
informatics education, we must ask: What is it that every educated
citizen should know about computing and computers to be able
to be meaningfully engaged in a modern world and a technology-
infused society? We must accept that educating all pupils at school
level is different from educating the few who select informatics as
their chosen professional path.

3.1 Curriculum content
Every country has its own goals and constraints for school educa-
tion, and its own approach to defining curricula. It is sensible to
suggest an overarching framework and set of principles, that can
then be referred to and incorporated by each individual country
or region. This is the approach taken by a recent report from the
“Informatics for all” coalition [10]. Aimed at Europe, but applicable
everywhere, the report gives five aims for students at the end of
secondary education, as summarised in a companion paper [8]:
(1) Use digital tools in a conscious, responsible, confident, compe-

tent, and creative way.
(2) Understand the principles and practices of informatics and their

multifaceted applications.
(3) Analyse, design, frame and solve problems “informatically.”
(4) Creatively develop computational models to investigate and

communicate about phenomena and systems.
(5) Identify and discuss ethical and social issues of computational

systems and their use, potential benefits and risks.
This is then translated in the report into 11 topic areas: Data

and information; Algorithms; Programming; Computing systems;

Networks and communication; Human-computer interaction; De-
sign and development; Digital creativity; Modelling and simulation;
Privacy, safety and security; and Responsibility and empowerment.

Mapping these aims and topic areas to the two national curricula
previously summarised, we can see where they overlap, where they
differ, and where they may have gaps that could be filled.

The English curriculum defines expectations for the first half of
the topic areas well, and gives clear guidance and expectations for
aims and implementation. Compared to the reference framework,
it is more technology focused, and more influenced by preparation
for further, professional study. The second half of topic areas, aimed
to address more general issues such as social implications, ethics,
creativity, responsibility and consequences, are less well defined or
omitted from curriculum goals.

The Danish curriculum, on the other hand, has a broader cover-
age across the topic areas, and has stronger emphasis on informatics
topics from the perspective of a general, non-specialist population.
It has a more conscious “informatics for all” flavour; whether or
not this comes at the expense of specific technical content useful as
a preparation for further study as a software specialist will likely
depend on details of implementation.

3.2 Computational thinking
One pervasive idea in school informatics teaching is that of com-
putational thinking. First proposed by Wing [43], the idea states
that the key part of informatics is a way of thinking. This follows
notions such as the famous quote “Computer science is no more
about computers than astronomy is about telescopes”4, i.e. that
computers are just an implementation device for a fundamental set
of underlying principles. Computational thinking has led to two
possible misconceptions about teaching informatics.

The first misconception is that computational thinking should
be taught directly. Education research suggests [42] that a more
promising approach to teach abstract concepts is to generalise from
concrete examples, which should be studied first. That is, in order to
teach the principles of what algorithms can do, we must first teach
algorithms, which in turn are best taught with programming. So
even if programming is not the end goal in school informatics, it is
the fundamental building block of many other informatics concepts,
and its mastery is a path to more general understanding.

The second misconception with computational thinking is that
many of its proponents assume transferability: that the generic
thinking skills learned through engaging with computation topics
will automatically improve problem solving elsewhere. However,
research on transfer across domains shows that it is a relatively
limited effect that generally occurs late [1, 42]. Thus transfer is
unlikely to be a major consequence of limited teaching of infor-
matics in schools. These kinds of transferability argument have
a long history, in relation to subjects such as Latin, chess [30] or
music [31], but there is no consistent evidence to support them. The
idea that computational thinking will suddenly change students’
approach to other subjects does not hold up to scrutiny, and should
be avoided as a selling point for informatics.

4Often attributed toDijkstra but the first publishedmention seems to be by Fellows [16].
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4 informatics for all: considerations
We believe that Informatics should be taught to all pupils. There are
several important aspects of a change from Informatics for some (an
elective optional subject) to Informatics for all (where all students
must be taught). First, many more teachers must be trained. Second,
if informatics is introduced for everyone, then that mandatorily in-
cludes those with disabilities and special educational needs5. There
also remain other equity issues such as gender balance.

4.1 Teachers
If informatics is to be taught in all schools then naturally there
must be teachers capable of doing so in all schools. For most coun-
tries, this will not yet be the case, either because the secondary
(middle/high) school has not offered informatics as an elective at
all, or because the existing informatics teachers are at capacity, or
because in primary (elementary) schools there has not previously
been any informatics teaching at that level.

This problem can only be solved by trainingmore teachers: either
training existing teachers of other subjects (or generalist teachers,
in the case of primary schools) to teach informatics, or by training
new informatics teachers. Given that the latter has a longer lead
time and involves extra recruitment, most countries focused on
training existing teachers (e.g. in the USA [46] and England [34, 35]).

Re-training teachers is a serious endeavour and can be a major
difficulty in introducing informatics into schools. England changed
its curriculumwithout initially providing funding for training teach-
ers, leaving voluntary associations scrambling to help [6, 34, 35].
Funding was later provided, but not time out of teachers’ schedules
to re-train, so it often had to be done in the evenings, weekends
and holidays at the teacher’s own discretion.

If informatics is introduced without support to (re-)train teach-
ers then the subject is being set up to fail. It is a testament to the
voluntary organisations in England, first and foremost “Comput-
ing At School” (CAS), that this period has now been navigated
with reasonable success. The trial of informatics at primary and
lower secondary school in Denmark has warned about exactly this
issue [7]. Some countries have stricter requirements on subject
teaching and may require specialist degrees for teaching a par-
ticular subject, which will prevent or complicate this re-training,
and instead require new teachers or more extensive training – see
Hubwieser et al. [23] for a global survey of this issue.

4.2 Special educational needs
The definitions (and terminology) of special educational needs vary
by country and culture, which makes it difficult to give a global
average of how many people it affects. To give a concrete example
here, from one of our case study countries, 18% of students in
England either have a personal “education, health and care plan”
or require special educational needs support6. It is apparent that
even as an elective subject this should have been an important
consideration for equity, but as a compulsory subject it is critical.
5Those with disabilities and special educational needs should always have had the
opportunity to study informatics, even when it was an elective. Sadly, due to the extra
effort required to accommodate them, the informal solution has generally been to
dissuade them from studying informatics rather than supporting them [32].
6See https://explore-education-statistics.service.gov.uk/find-statistics/special-
educational-needs-in-england, retrieved December 2024.

There has been work with special education teachers to help
them teach computer science [3], and work on adapting teaching
approaches and materials [41]. One trial of teaching informatics to
primary school students with Down’s syndromewas successful [39].
However, more work clearly needs to be done to support teachers
to teach informatics to those with special educational needs.

4.3 Disabilities
There are some disabilities that – with some general considera-
tion in teaching – do not directly prevent students taking part:
for example, deaf students require some terminology and language
considerations [25] but are not inherently prohibited from program-
ming. However, there are some disabilities that are more difficult
to adjust for, such as vision impairment [37].

Not being able to read text on screen directly is potentially a
critical impediment to being able to program. This can be mitigated
through the use of assistive technologies such as screen readers.
Unfortunately, screen readers are generally designed for prose, and
they can be difficult to use with programming code because, for ex-
ample, by default they pay no attention to white-space or to reading
some punctuation. For natural text this is unnecessary information
but for some programming languages it is critical. Furthermore,
many block-based programming languages lack support for screen
reading, making them unusable for blind learners. There have been
efforts to fix this problem, such as the Quorum [37] programming
language, which has also recently added a blocks-based mode. Nev-
ertheless, this shows the kind of hurdles that must be overcome for
students with disabilities if informatics is truly to be taught to all.

4.4 Gender
The issue of gender balance in informatics is well-known and long-
standing [26]. The particular issue of interest here is gender balance
in school informatics. Some research in England since the subject
change to Computing suggests that the new subject is less gender-
balanced than the ICT subject which preceded it [12, 24]. The hope
had been that since informatics is mandatory in England from age
5–14 (with caveats described earlier) that when the subject becomes
optional at age 14, this would help redress the gender balance be-
cause everyone would have had a chance to experience the subject
fully, and thus hopefully be more likely to continue with it after age
14. Instead, it appears that perhaps the societal perception of infor-
matics has persisted and thus informatics has brought the gender
imbalance with it into schools despite the curriculum changes.

5 How to initiate change
It is not trivial to put informatics into schools. This change must
typically be instigated by the government, based on lobbying, and
is fraught with potential pitfalls. Each country will have a different
starting point and history from which to commence the change.
Below, we examine the process for each of our case study countries.

5.1 England
The path to getting informatics into the English national curriculum
was multi-faceted [5, 6]. An economic argument initially gained
the attention of politicians, but a pedagogical argument convinced
the Department for Education that computing was viable at all age
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groups, and that a stable curriculum would be possible. Computing
replaced ICT, with an argument that Computing was a more rig-
orous subject (where academic rigour was a government focus at
the time). To quote one person involved in the lobbying: “we went
knocking on the [Department for Education’s] door and expected
a lot of resistance, but the door was open and we fell through it.”

The curriculum change turned out to be one of the easier parts
of the effort. At the time, in the early 2010s, the UK was recover-
ing from the global economic downturn of 2008 and was in the
full swing of austerity politics, with reduced government spending
across the board. Informatics was introduced into the national cur-
riculum, but there was initially no money for training the teachers
(and a later grant that was modest, considering it was nationwide).
Thus informatics in English schools was in danger of being set up
to fail: introduced but without sufficient necessary support.

Ultimately, this period has been navigated reasonably success-
fully. Various voluntary organisations, such as CAS, stepped up to
provide training for teachers to help bridge the gap [34, 35].

5.2 Denmark
In Denmark, informatics had nearly vanished as a subject by the
mid 2000s [11] due to lack of interest and changes in the struc-
ture of secondary education. In late 2008, a government task force
recommended developing a more holistic approach to computing,
which became the basis for a new upper secondary subject relevant
for all. It was trialled for four years and made permanent in 2015.

Until 2016, successive Danish governments had shown little in-
terest in introducing informatics into primary and lower secondary
school. When asked about introducing IT education into schools in
early 2016, the Danish Prime Minister discussed issues of digital
whiteboards and IT provision, rather than informatics education.

In 2016, the informatics zeitgeist began to influence Denmark.
That year, theWorld Economic Forum published a report [44] which
included ideas parallel to computational thinking, and named com-
putational thinking in the follow-up a year later [45]. In 2018, Den-
mark produced the Technology Pact7 (as relayed by Olofsson [27]),
with a focus on upskilling the population (via formal education and
industry) to match the growth in digital jobs.

Progress on the issue was stalled by a change in government;
the pilot of primary and lower secondary (described earlier) was
commissioned directly by the ministry. A positive evaluation was
reported to the following government, which did not follow it up.
Now the government has changed again and progress may be made.
In 2021 a “National Alliance for Digital Technology Comprehen-
sion” (English translation) was formed8 between schools, teachers’
unions, universities and industry to promote technology under-
standing in schools (to include informatics); this may yet bear fruit.

5.3 Public perception of informatics
Schools have a fixed amount of time over the year in which to teach
pupils. Therefore time for teaching anything new must inherently
be taken away from existing teaching. This will invariably result in
7For an announcement in English, see https://www.eng.em.dk/news/2018/apr/the-
danish-government-launches-the-technology-pact retrieved December 2024.
8See the announcement (in Danish) https://www.folkeskolen.dk/arbejdsliv-dlf-
it/dlf-med-i-ny-alliance-teknologiforstaelse-skal-ind-i-hele-uddannelsessystemet/
2178952, retrieved December 2024.

some controversy. In England, for example, the teaching of Com-
puting was added in place of the existing ICT curriculum. Some
teachers were happy with the replacement, and others were not.

There were questions in England over the motivation of adding
informatics to the curriculum. Some of themost-amplified voices for
change were those from industry9, such as Google’s Eric Schmidt
who gave a much-reported speech in Edinburgh on the issue10.
This led to a perception that it was an industry-driven change.
Casting around for a motivation, some believed that industry just
wanted a cheaper way to train up employees [4, 28] and had unduly
influenced government for their own direct benefit. This would
have been a long-term strategy in such a fast-moving industry as
tech then was: informatics was introduced at age 5 in 2014, meaning
it would be another 16 years (in 2030) before those students who
began at five would graduate from university – at the time Schmidt
made his comments in 2011, Google itself was only 13 years old.

Although there was outcry from some teachers and some re-
searchers, there was no noticeable pushback in England from par-
ents. We suggest that in the public mind it was clear that there was
a growth in employment opportunities in the technology sector,
and an increasing dominance of computers in society, and thus it
was sensible to include informatics in the curriculum. Despite a
prolonged search, we are not aware of any research on parents’ (or
the wider public’s) opinions of this change in the curriculum.

5.4 Political change
The process of political change is complex. It is a fragile process,
vulnerable to changes in governments (and thus policy directions)
or even just changes in ministers of education. For example, in
the ten years December 2014–2024 England had ten successive
ministers of education. Some of that relates to political instability
(2022 saw five different education ministers under three different
prime ministers), but the 20 years before that saw 11 different
ministers. In Denmark, there have been six ministers of education
in the last ten years. It is clear that an approach relying solely on
an individual minister is unlikely to prevail in such a two year “life
span”, and will need wider, persistent government support.

In England the process happened to fall at the beginning of a new
right-leaning government which wanted to increase rigour in the
curriculum [2]. In Denmark a similar situation occurred, but was
delayed by changes in government to parties that were less recep-
tive. Overall, government support is vital (including wide enough
parliamentary support, not just individual ministers of education)
but its fragility can be counteracted through continued wider public
support for informatics, to sway successive governments.

6 Discussion
We end by discussing our questions: why, what, how and who?

6.1 Why: the value of informatics in schools
Informatics is a stable, academic and rigorous subject that has in-
creasing importance in our modern digital society. Although many

9One could argue this was because industry was most listened to by the media and gov-
ernment, in contrast to universities or teachers – a longstanding global problem [19].
10See for example https://www.theguardian.com/technology/2011/aug/26/eric-
schmidt-chairman-google-education retrieved December 2024.
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arguments to promote it are economic (which we discuss below
in the “how”), these should not obscure the civic and academic
arguments behind informatics. There are many misconceptions
about informatics: that it consists of mere technology usage; that
its content changes too quickly to be an academic subject; or that
it is just programming with no wider principles or applicability.
We believe that informatics is important enough that it should
be included in mandatory schooling in secondary education, and
even primary education. It has applicability for all students, and
understanding the power and limits of technology is important for
a modern society which is increasingly based on digital technology.

6.2 What: the shape of informatics in schools
Informatics is a sufficiently rich subject that there is room for a lot
of variation about what should be covered at school level. There
could be a curriculum designed around programming, or a curricu-
lum featuring almost no programming. Ethics and society could be
a key focus or completely absent. This is both a positive feature –
showing the width and depth of the subject – but also a potential
headache for those who have to decide what should be taught. In
this regard, we defer to the Informatics for All report [10] which has
considered these issues and produced a framework and suggestions
for informatics curricula. Although programming is a central part
of informatics, and should be included, there are many aspects more
suited to our aim of creating an informed society: ethical issues,
societal impact and principles of digital technology. The more tech-
nical and scientific aspects can be reserved for follow-up specialist
instruction when the subject is elective for older age groups. How-
ever, a basic knowledge of programming may be needed in order
to teach topics such as AI, data representation, algorithms, etc.

6.3 How: introducing informatics into schools
Ultimately, introducing informatics into primary and secondary
schools before the elective stage requires convincing governments
or similar institutions to change the curriculum. Although educators
might prefer otherwise, the dominant force for curriculum change
in many countries is economic [19, 33]. In this regard, informatics
has the prevailing wind: despite natural ups and downs, program-
ming remains in demand and salaries are high. There remain other
challenges, however. Governments may need convincing that infor-
matics can have a stable curriculum that is not rapidly outdated by
technology changes. Any curriculum change will require displace-
ment of another subject; sometimes this is a related subject such as
IT, but sometimes it may require arguing to displace (parts of) other
subjects. A large-scale change will require buy-in from teachers
who must be (re-)trained to satisfy the new demand for informatics
teachers. To ensure success, this should be government-funded.

There are other potential barriers to introducing school infor-
matics which we have not covered here. The CAPE framework [17]
describes several levels of potential issues in introducing infor-
matics education: capacity, access, participation and experience.
Utilising this framework, Tshukudu et al. [40] found that some
African countries struggle with issues of capacity – some of which
appear in our case studies, such as curriculum and teacher training
issues, while others were not an issue in England and Denmark,
such as access to ICT infrastructure, and funding for equipment.

6.4 Who: issues of equity
Equity is complex and multi-faceted. If informatics is offered at
all, then it is important that it is made available and accessible to
all students. This includes students with disabilities, and students
with special educational needs (such as learning disorders). Some
technology used for teaching informatics can exclude students with
disabilities: for example, block-based programming systems are
often unusable by blind students [37]. This is a key equity issue,
and one which there is a moral imperative to solve. It is, however,
often out of the control of individual teachers and falls on the
designers of these tools. There are also longstanding issues around
the balance of who takes informatics as an elective. This is obviated
(but not necessarily solved!) if informatics is mandatory. Educators
hypothesised that making informatics mandatory early on would
fix gender imbalances when it was later elective, but early evidence
suggests this has not panned out [24]. Thus far, informatics seems
to retain its equity issues regardless of changes to the curriculum.

7 Conclusion
In this paper, we have discussed what informatics for all in schools
should focus on, why it should be taught, how to introduce it into
the curriculum, and who it should be available to: everyone. We
have presented case studies from England and Denmark, discussing
how they introduced informatics into schools, and the shape of
their curricula.

We believe that the right arguments for informatics surround its
usefulness for all students to understand and live in the modern
digital world, rather than being directed only at those who wish to
continue studying informatics at university. School teaching should
not be constrained to technology use, but instead should involve im-
portant principles of computing: how data is stored, the power and
limitations of algorithms and AI, the brute force but unintelligent
power of computers. Programming is the ideal concrete vehicle
with which to teach some of these abstract concepts, but it should
it not be the focus for its own sake.

However, this civic argument is not always the strongest one
with which to convince governments. The economic argument is
often receivedmore favourably. Informatics does have an advantage
in this area in that the jobs are well-paid and have long-term growth
potential. Work may also be needed to convince governments that
there is a stable curriculum with unchanging underlying principles.

Finally, any large change in the teaching of informatics will
require teacher (re-)training, and this is very difficult without gov-
ernment funding, so the introduction of informatics would need to
come with such funding.

Informatics teaching continues to be in differing states through-
out the world. We have detailed case studies of England, where it is
widespread from age 5–14, and Denmark, where it is currently only
widespread in upper secondary school. Introducing informatics is
a country-by-country, or even state-by-state, effort. However, en-
couraging signs, such as the EU’s recommendation to introduce it,
suggest that political will exists, and a fair wind may help advance
the subject in many global regions, and lead towards informatics
for all.
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