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1. Is computing a discipline, in the same way thahathematics, physics,
chemistry are?

Computing is a principles-based discipline ancists in a principles-based
framework, unlike ICT, which exists in a technoleggsed framework — see Peter
Denning’s Great Principles project. Computing distipline in its own right because
it is a study of natural and artificial processasnputation in nature, computational
tools, computation by artefacts such as persomapaters, mobile phones, networks
of computers, and more. It embraces aspects ofamitics, science and engineering
but extends and reflects on these disciplines iyswviaat reveal the independence of
computing as a discipline in its own right. Compiatais the principle and the
computer is the tool. Computational principlesiarportant and worthy of study
because these principles exist in life not jughan-made computers. The latter are
not just powerful instruments but a phenomenonell vequiring description and
explanation. Understanding computational toolsdeadan understanding of
computation in general and an understanding olithies of computation. Computing
is about concepts, abstractions, problem solviradesjies that are relevant to
automation. Automation makes abstractions come afutomation makes it
possible to do things that were never thought pdssAutomation makes it possible
to cope with very large data sets and to find i@hships in these and to visualize
these relationships in many ways that would ngbdmsible without automation.
Computational abstractions and methods are diso@yvaew science. For example,
whereas a chemist analyses by exploring what a iclaéstructure does, the
computational thinking approach asks for the speEatibn of the function required of
the as yet undiscovered chemical structure andftheres out the implementation
computationally. In biology, the breakthrough iggencing the human genome was
aided by the discovery by computer scientists efgotgun algorithm. Computing
doesn’t just provide tools for physicists, chemaatsl biologists to use in their own
discipline but offers explanatory powers about redtinformation processes that
make computing a discipline in its own right. Alastiions have existed for as long as
mathematics has existed but in computing abstreefiorm a hierarchy. Whereas
mathematics concentrates on one level of abstraatia time, computing focuses on
two levels at a time, for example, the level betbat is going to implement the level
above and the level above that is going to uséethed below. Automation of this
abstraction in computing offers functionality tisaales and it is this that distinguishes
computing from mathematics. It enables discoveryatferns in massive amounts of
data, machine learning based discovery of new gadsstars, an understanding of the
dynamic processes of nature such as protein foldsig finite state machine models
and DNA using the computing concept of “interprgtoode as data and data as
code”. Computing is a relatively young disciplingt Im its short history it has
underpinned a radical change in the way that spasts technology just as
chemistry in the 18Band 19 centuries made possible the industrial revolutind
Physics in the 2Bcentury made possible semiconductor and nuclehntgogies and
a second industrial revolution so computing hasenaussible the information
revolution and information technology. Studentshi@ age range 5-18 years should be

1
Call for Evidence AQA Dr K R Bond & Mr P Meakin



exposed to curriculum opportunities that explamrible of computing in this
revolution, how it came about, its key concepts @riolciples and its importance to
the world around us. However, in this process imigortant that sight is not lost of
the magic and beauty of the discipline. “MagicVesy important especially at the
lower end of the age range. “Magic” is what wingélts and minds”. The “beauty
comes later. “Beauty” is what keeps people intecesver the long haul. The glue is
programming. Programming offers “magic” to hookd#nts, initially, and then later
to provide opportunities for students to expressibelves creatively and to realise
the “beauty” in the discipline.

2. Is programming a fundamental form of literacy fa the modern age?

It depends on the level of abstraction of the paogning language as to whether the
language can offer a fundamental form of literaglildren should have opportunities
to develop vocabulary that is relevant to the cantewhich they are learning and to
develop the vocabulary to express themselvesdestitryboard for an animation or a
simulation of some interesting phenomena in nat@itke world is computational in
nature then learning a programming language tllat@mputational thinking,
precision of expression, organizing thoughts lojcaaming appropriately,
structuring information, working with hierarchiesecifying what is required,
creating mental models to aid debugging, experiatamnt, linking, visualizing ideas
and information must extend a child’s mental viévwhe world in ways that
mathematics, science, the arts and humanities tannte modern age, children are
exposed to visual interfaces, operating systenentéterver systems, mobile phones,
huge repositories of information, et cetera. Thegcha language to enable
scaffolding of mental models to describe, explaid anderstand the interactive
worldview of computing, concurrency, distributed@essing, security, searching
reliably for information. Research indicates tha best time for learning a second
language is at an early age.

3. What purpose should the teaching of ICT and Comyting in schools serve?

ICT teaching should equip students with the abitityvork effectively with complex
information processing systems, to extract, prqagiiize and present information in
various forms, for example, how to use a videocedd edit video effectively. ICT
teaching should empower students to use facilitesrganizing work locally and
remotely for ease of access and recall, for pulloggther information from different
sources. ICT should empower students to make nifaetige predictions about the
future by using information reliably to reduce urtaety. On the other hand,
computing should serve a different purpose. Compgutaching in schools should
introduce students to the magic and beauty of coatipnal thinking and
programming a computer to automate a task. Comptgimching should develop
confidence in working with different levels of afzsttion, using decomposition and
composition to solve problems, thinking recursivahd algorithmically, choosing an
appropriate representation for a problem or modeakhevant aspects of a problem to
enable automation. Students should be encouragedrience the wider
applicability of computational thinking and comptidaal processes beyond the
technology of computers to natural information gsses, cognition and vision.
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4. Is the teaching of ICT (and accompanying quali@iations, such as ICT GCSE)
fit for purpose for all students? What should be dae to address this?

ICT GCSE cannot be fit for purpose for all studei®S GCSE provides skills in
using information systems, analyzing informatiostsyns and designing information
systems. However, the richness that is in the glisel of computing to explain,
understand and describe computation and compugtiools is barely touched upon
in ICT GCSE. There are students whose intelleatuabsity extends beyond the
effective use of the technology. The expectatidrth@se students, in the main, have
not been met by GCSE ICT or the Key Stage 3 Natibreanework for ICT teaching
units ICT at Key Stages 3 and 4 seems, in practiciee tor consumers of the
technology. It is about the usage and knowledgbetools, and systems. This is fine
up to a point and a constituency exists whose naedmet partially or fully by
studying ICT but there is also a constituency it ability and potential to be
turned onto Computing if only more opportunitiesgvthere for these students to
experience the difference between ICT and compul®i fails to match up to their
expectations and worse, many of these studenteteered following their
experience in ICT from considering studying compgigpost compulsory education
age (KS5 and beyond). For students in this comstiy a failure to offer
opportunities at KS3 and KS4 will continue to afféeir perception of computing
and its difference from ICT.

Specifically, in GCSE ICT there is an over-emphasigathering evidence of how
tasks are completed and explaining design decisiatisnore able students regard as
trivial. Students are turned off from ICT and (asoasequence) computing by the fact
that they spend so much of their lesson time gethevidence for
coursework/controlled assessment rather than legumew skills. Further, the
technical skills required to complete GCSE ICT rawée particularly challenging and
GCSE specifications do not really reward thoseettslwho learn more advanced
skills. The introduction of the controlled assesstregulations has worsened this
situation as exam boards are now required to seifsptasks for students to
complete — this has removed the possibility ofes€lteacher setting a coursework
task which will give a more able candidate the apputy to develop their skills. For
an exam board, setting a controlled assessmenthaskan be accessed by G grade
candidates yet challenge candidates targeting agréde is surely almost impossible.
Introducing different tasks appropriate to diffdrahility ranges is one way that this
situation could be improved, and perhaps the eafieat of what more able students
should be technically capable of to achieve an A"oGrade needs to rise. Students
should not be required to explain trivial decisioRart of the purpose of gathering
evidence about how tasks were completed was fardest to show that the work
was their own. Now that the work must be completeder controlled conditions, has
the rationale for requiring students to spend g lime on this tedious task
disappeared?

The new GCSE in computing seeks to redress thedmlkand is to be welcomed.
However, the imposed QCDA requirement to set cdrtt@ssessment tasks that can
be accessed by G grade candidates whilst challgrgindidates targeting an A*
grade devalues this aspect of the assessmentnifbduction of GCSE Computing is
a positive step but many schools are likely tokstiicwhat they know and smaller
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schools may be unable to offer both GCSE ICT an&EComputing as options. The
possibility to take an optional module in computagpart of a GCSE in ICT might
increase the number of schools that offer at leaste computing content.

The challenge is to interest and influence studanksey Stage 3 to choose GCSE
Computing. This means encouraging centres to imcatp elements of computing
into “KS3 ICT Programmes of Study” with units of ikahat are clearly identified as
computing so that students are encouraged to uaddrthat there is a difference.
Students should have opportunities to learn at l@@s programming language in
KS3, one that has the potential to capture studiriésest and imagination.

5. Is computing and ICT best 'taught' in classroom®r ‘learnt’ by other means?
How do learners learn computing and ICT skills?

It depends on the student and the availabilityeathers with sufficient technical and
pedagogic knowledge. Some students are very gampandent learners and given
opportunity and a catalyst from somewhere can aedGiT and computing skills,
knowledge and understanding by other means thacldssroom. However, only a
relatively small number of students are likely tmose to learn independently. If the
number of students leaving school with an undedstanof computing and who
consider computing as a possible career is to @serethis can only be achieved by
teaching it. Whilst some students become interastedmputing through an external
trigger, exposing students to it within a schodikisly to trigger far more interest,
even if the amount of teaching that is done istkichi Scratch is a very good example
of this.

6. What motivates students to study computing? I¢ what they learn in school or
something else?

It can be either, but in most cases the studentsalibose to study computing do so
because of an external influence rather than Wiegt have learnt at school. This
might be a parent or sibling who is professionailyolved in the field or peer group
influence. Many students have to be persuadedithavel Computing is nothing
like GCSE ICT before they will consider takingKtey factors that motivate students
are:
* technical curiosity (wanting to know how the things they use work)
e an enjoyment of practical challenges and problem solving
* contact with teachers with good subject knowledge who can enthuse them and
show them avenues that they can explore, in fields that they enjoy, that they might
not discover for themselves
* seeing the magic of what computing can achieve through contact with HE/industry
* seeing how computing is applied in contexts that they already enjoy e.g. gaming
* seeing positive role models e.g. parents, or speakers at conferences
e understanding how computing can provide an opportunity to apply their knowledge
in other subject areas that they also find interesting.
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Students are quite often unaware of the rangaraiecs that might be available to
them if they studied computing, so work to impraélis situation would be useful.

7. How is computing presented at school, and is tteea variation between
schools? Why?

The profile for computing is very low or non-existen a large number of schools.
ICT has dominated because of its statuary stattlishenemphasis encouraged by the
National Framework, OFSTED and the advisory senattbough recently this
emphasis has begun to be corrected. There hanbesibject discipline on the
compulsory education age curriculum called compguéind no GCSE Computing
until September 2010. Therefore, too many studésshers, head teachers, parents,
university admissions tutors, believe that commutnd ICT is the same thing. This
has, in some instances, resulted in a negativearfmgomputing. Also, the profile

of computing has suffered because of a lack ofiajstcteachers to fly the flag.
Where AS and A Level Computing is offered and taumhspecialists the profile of
the discipline is high with many students contiguinto HE to study the discipline or
entering employment in which the skills and knowje@cquired are put to direct use.
Decision makers who confuse computing with ICT unmdee the status of computing
as a discipline. This status perception has hadrahiting effect. The message from
some universities for entrance requirements hashald, unjustly, an effect on the
image of computing in schools. In some instanoasios staff of high status
university computing departments presenting at &sviem secondary school students
have confused Computing A Level with ICT A LevehéeTlatter has a low status on
many university entrance requirements websitesdfeeng categorized as a soft
science or even not acceptable. This confusionadsars with some parents. This is
a potential problem when their offspring reachgtesge in their education when they
choose which AS/A Level subjects to study. Compuisoften mistakenly accorded
a lower status than physics, chemistry when initastjust as intellectually rigorous
as physics and chemistry.

8. Who is teaching computing, and what qualificatios do they hold? Are
teachers sufficiently supported with subject - spefic CPD? Are there enough
specialist teachers? Why do they leave/join the pfession? What are the barriers
to improving the situation?

Lack of qualified teachers is a huge problem. MG3t teachers have not studied
computing at university. Also, the generation @fdeers who did not have a
computing degree but who taught themselves howdagram on a home
microcomputer in the 1980s is disappearing.

It is difficult for schools to attract computingagtuates when they are likely to have
to teach ICT for most of the week, with only a sihpabportion of the teaching being
computing-related. Teachers with an interest ichgesy more computing find that
career progression can be restricted becausedkeyh more computing by teaching
a narrower age range of learners, e.g. sixth fariy. o
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Some degrees with the word “computing” in theietttontain very little computing
content which can cause further confusion.

There is also a problem that head teachers ofteroticealize that there is a
difference between ICT and Computing. This is oftempounded by an advisory
service that is populated with ICT advisers whoehlittle or no background in
computing. In at least one county authority, hesthers have been advised that
programming is an activity that was relevant in®0s but which is no longer
relevant. Specialist maths and computing schodénhainly teach ICT — what could
cause more confusion between ICT and computing¢hHimg a school that teaches
ICT a specialist computing school?.

There is insufficient subject-specific CPD. Thetaafscourses and the problem of
being able to get cover to be out of school aré Esues. However, the limitations of
CPD must be recognized. Whilst CPD can be useftdaoh specific new topics to
teachers with an appropriate background, can aséssions of CPD really turn a
teacher of business studies into a teacher of congduThe key must be to attract
suitable graduates with a computing backgroundtedching. Having teachers who
know just enough about computing to teach a smecifurse but no more is unlikely
to lead to interesting lessons which enthuse stsden

9. Why do some universities prefer their undergradate applicants to have
studied mathematics rather than computing at A-lev®

Mathematics is a logical subject requiring precisid thought which enables students
to demonstrate some but not all of the skills thay are likely to require on a
university computing course. Most schools offer @vel Mathematics as an option.
The percentage of sixth formers who are studyintheis very large thus making the
pool of potential candidates very large nation&ltyn which university admissions
tutors for computing undergraduate courses pick gtedents. On the other hand, the
percentage of sixth formers currently studying Ai&leComputing is small in
comparison with A Level Maths. Indeed, as many sthdo not offer A Level
Computing (less than 50%), it would be difficult imiversities to specify this as a
compulsory entrance requirement as they would &gy prevent many potentially
good students from applying. In A Level Computsfgvour is evidence from the
drop-out rate statistics for computing degree aesgir$he statistics show the lowest
drop-out rate from computing degree courses fafesits with A Level Computing.
This is not surprising because a student who hasaulated with A Level

Computing has demonstrated mastery of the dis@pbra high standard. In addition,
the belief that all maths students make good progrars and vice-versa does not
always hold.

Are universities aware of what is in the A Levell@uuting specifications? In
particular, the AQA specification has been desigiodoling more of the
computational thinking that is required for a coripg degree into schools. Is there
confusion in Higher Education between ICT and CotimguA Level or confusion
with previous Computing specifications?
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Some students who are interested in Computingwrefpfrom taking it at A Level
by the attitude of universities to the A Level.

10. What are the perceptions of computing and ICT mongst learners, teachers
and head teachers? How can information, advice anguidance be improved?

Many head teachers are unaware that there isaxatiife between ICT and
computing. Similarly, in schools where the teachohd¢CT does not encompass any
computing, both teachers and learners believethlestare the same thing. This has
consequences:

» Learners mistakenly believe that computing counsé$E are similar to ICT
courses in schools, embark on such courses in ldEh&m drop out.

* Where opportunities for computing are offered pi&tiearners with
computing potential whose pre-sixth form experieisdanited to ICT often
elect not to study computing post-16.

* In some instances, learners with limited understendf the difference
between ICT and computing choose to study compuytos-16 when there
abilities would be better suited to studying ICT.

* Many learners in secondary education have a negattitude towards ICT
because of a poor experience in the classroomytatever reasons —
constraining specifications/assessments, lack pémenced staff, staff from
other departments/disciplines teaching ICT andhawtng enough
support/resources/confidence to deliver effectivBlych learners then avoid
going down an ICT or computing future studies route

The ubiquity of computers has changed the perceptb learners, teachers and head
teachers. The attraction is not what it was becthesseomputing element has been
masked by layers of abstractions that enable neessfuithe artifacts without needing
to understand what happens under the hood. Leaareisten now far removed from
the internal hardware of computers and don’t haweasy route to experimenting
with the hardware such as programming the hardwdnie.makes it much more
difficult for learners to appreciate the differermween computing and ICT and
therefore to consider pursuing further studiesomputing.

11. Are these issues unigue to the UK?

No, these issues have arisen wherever the imperadis been to focus on ICT
literacy at the expense of Computing/ICT fluency, &SA. This is not the case in
the Baltic states, eastern Europe, Israel, Soutitafvhere computing is taught as a
rigorous discipline.

12. What can universities do to improve the situatin?

Universities can help by being positive about Al&vel Computing, by raising its
status in the eyes of head teachers, parentselsaand by confirming its status as a
rigorous discipline. Universities can help by supiog the training of more teachers
to teach KS3, GCSE and AS/A Level Computing. Ursitexs can help by forging
links to promote Computing in schools and suppgrtire association for Computing
teachers.
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Able students with a strong interest in Computiftigrochoose to study A Level
Computing as a fourth A Level because they are fuiridat some university
Computing departments expect particular gradesaths] Further Maths and Physics
and exclude A Level Computing from their entrareguirements. The introduction
of the A* grade at A Level and its use as an emgarequirement by some
universities is likely to make able students thiwice about studying a fourth A

Level subject because the extra study time gaigatbbcan be used in support of the
three A Levels required for entry. This is not algem if these universities accord A
Level Computing the same status as Physics anokhiee subjects currently accepted
alongside A Level Maths so that A Level Computiag confidently be studied as the
third A Level subject.

13. Is there a case for curriculum reform? Is thighe barrier?

Yes, greater flexibility in KS2 and KS3 needs tosb@ported to provide curriculum
opportunities for learners to experience the magut beauty of computing. A clear
separation should be flagged between Computing@ndConsideration should be
given to computing qualifications at KS4 that sthetind challenge learners and
which are not compromised by the need to catett#ifull ability range.

14. Is there a need for an increased recognition €T and computing as part of
the T in STEM, through representation in STEM forums and increased funding?

There is a case for increased recognition of ICpaatof the T in STEM. ICT is all
pervasive. Employers need an ICT literate and Id&nit workforce for the UK to
maintain its global competitiveness. Computing afi@more than support for
technology. Computing draws on maths, science agoheering but moulds these
into its own discipline. The principles and consephique to Computing are used to
build the artefacts that are the technology of E8Twell as contributing to a deeper
understanding of nature and cognition. Computirguikhnot therefore be considered
as justthe T in STEM, but the S, T, E and M of STE

15. What happens if we do nothing?

The clear danger is that if we do nothing the trehdeclining numbers of students
taking ICT and computing subjects will continue. Wi# end up with a workforce
that are reasonably competent at using computézrags but with very few people
capable of maintaining and developing them. Thedtews of computing that need a
continuing supply are software and systems desmngwitably, this means finding a
supply of people who are comfortable coding sofea@n different platforms and
confident at problem solving. Confidence and compet grows when people have
opportunities at an early age to develop thesésskild to discover that they have
talent and an interest in computing at a problewirsg level. Without opportunities
for some exposure to computing at Key Stages 2,aBd 5 students may never
discover that they have a talent for computing iarghrticular, software and system
design. The consequence of not fixing the currignason will be that increasingly
we will become dependent on buying in computeresystdeveloped overseas and
UK industry will be denied the opportunity to béeader in an area that the country
should be and was very good at. At a time wherctumtry needs to grow its exports
and the government is aiming to reduce the numbgeaple coming into the UK to

8
Call for Evidence AQA Dr K R Bond & Mr P Meakin



work, it is self evident that we must be lookingnatys to increase the number of
people entering the field.

There is a particular risk with A Level Computingdause many existing schools
(and some colleges) currently only have a very smahber of candidates taking the
subject. With schools facing financial constraintthe next few years, there is a
danger that some might start to see offering thgestias unaffordable, resulting in
many more students being denied the opportunisgudy it. Continued small annual
falls in the popularity of the subject could sudgdaad to major declines if schools
decided that these small falls mean that the camaseno longer financially
justifiable.
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