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The words we use, when carefully considered, gisiglt into our
thinking. The phrase “information and communicattenhnology”
(ICT), now elided to “technology,” which encompasgen and paper
as well as its intended referent the [stored praogrdigital] computer,
on thoughtful examination is de-void of meanings leeply vacuous.
The cause is our ignorance of how the human, oecisp, is able to
create technology. Given the power of the new medilis is no
longer acceptable. The Technicity Thesis seekH thi$ gap in our
knowledge of ourselves, and provides an explanatidtiatonic
ideals. An evolutionary perspective, informed tsyrall extension to
our concept of information to include ‘quality’ analogy with grade
of energy, suggests a fundamental transition fackevidence, once
perceived, is abundant. The neurological substpatgosed is
prefrontal access to phyletic information in prirgaensory cortex.
Technicity makes possible the delineation of time€eles of learning
open to the human. The first includes transmissfomhat is in mind
by speech and learning by observation. Secondrigalality to store
knowledge externally to the brain by meaningful ksair he third
came with the stored program digital computer —¢beceptual
Turing Machine — which adds external processingnfafrmation.
Comparison of possible teaching method in each rsaggests that
the Turing Medium is in tune with our mind. It a@medy confusions
inherent in traditional primary school method anifiess young
children a neurologically healthier environment.rifng Teaching
entails transition, thus it is impossible to resgait within our
existing schemas: engineering methodology is reguiPolitical will,
preferably at a European level, to provide a higlality, systematic
introduction to working with computers in primargh®ol, followed
by a staged transition in literacy and numeracycteag method,
would greatly benefit children.

Keywords: ICT, computer, primary school, language, evolutio
technicity, transition, modes of learning.

This paper is an essay in pouring meaning into ofimgtion and
communication technology’ (ICT), a vacuous phrasat tserves only to
obscure the poor quality of our thinking about thee of the computer in
education: specifically in the primary phase ofaihEach word possesses
great depth of connotation, most of which has Heehas educationalists
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elide them to ‘technology’ or to the empty acrony@il. Because the
language we use is critically important to the atdommunication of ideas,
‘Turing’ is introduced unambiguously and meanintfub denote the entity
under discussion.

The Cambridge Primary Review (Alexander, 2010) @ihdanguage
development and discourse at the heart of the oturin for five-to-ten
year-olds. Alexander (2010) also sought to placé V@thin the language
domain. In so doing he is in concert with a zeiggehat sees language,
internalised speech (Vigotsky, 1962), as the hefathought. Which, in a
way it is. However, this lingual-centrism contrastgéh our very obvious
capacity to construct. Let us return our thougbt®thnology.

Our unlikely planet exhibits all four key phasestlie evolution of the
universe: the transition form energy to matter, SSmply captured in
Einstein’s E=MC, the unlikely emergence of life from the chemidebris
of stars, and finally the extremely unlikely emerge of technology from a
living organism. Papert (Harel & Papert, 1991), ®htConstructionism”
took Piaget's constructivism onto a concrete, ptatsplane, is the only
educational theorist to admit the primacy of tedbgy. For Papert, learning
“...happens especially felicitously when the leatiseonsciously engaged in
constructing a public entity...” This formulationlfs focus from language
and turns it on humanity’s undeniably unique calgghio construct. Thus,
we come full circle, and re-state Comenius who wes architect of our
current school system.

The difficulty that besets educational theoristide found in a lack of
knowledge. We do not understand the ‘how’ of oghtelogical capability
(see e.g. Barrett, Dunbar & Lycett, 2002; Nolen-kikmmna et al., 2009) for
its omission). It is obvious that the technology pveduce marks a transition
in the evolution of the universe. Its simplicity fofm has no precedent. For
some reason we fail to note this last transitiont iBis a sharp as the other
three. Until we have a scientific theory of how mrecies developed the
capacity for technology we lack a sound model agelyes and thus a sound
basis for a theory of education. At present we hswe philosophies: an
enquiry into the ‘essence’ of technology (Heidegde377) and Papert's
Constructionism in education. The Technicity Thesss a scientific
hypothesis that offers to provide an answer. l@aog, it also provides an
answer to the question of Platonic ideals: e.g.WHim we know that red is
red?” This question is the key to our capacitydostruct.

The first step is to outline The Technicity Thearsd the evidence that
supports it. However, as this is not the primaryject of this paper, readers
are referred to O Duill (2010, 2011) awshw.logios.orgfor a more detailed
discussion. The Technicity Thesis, in turn, progiddoundation from which
to derive three ‘modes of learning’ and thus tardefTuring teaching as a
transition. This positions us critically to examimspects of traditional
primary school teaching method (in the basics) @odconsider the
impossibility of using academic research methodplogthis domain. Of
necessity, information from a number of disciplinedll need to be
introduced, for which no apology is given.

The Technicity Thesis

We may be confident that human beings are not thg §pecies ever to
speak (Deacon, 1997; Lewin, 1998; Dunbar, 2004aliry) 2005; Stringer
& Andrews, 2005; Finlayson, 2010). The Neanderthalsr most recent
cousins, had a brain similar to ours in size anchitecture and similar
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speech anatomy. Parsimony requires that we prethegevere as articulate
as we are. Moreover, with a prefrontal cortex comsneate with ours, they
had the same creative capacity to think, plan gheegotiate and focus on
objectives. Therefore, it is arguable that muclp®fchology and the ‘social
brain’ theory of human evolution (Barkow, Cosmid@e3ooby, 1992; Byrne
& Witen, 1988; Witen & Byrne, 1997; Dunbar, 2004bellors et al., 2007)
describe what we share with this species. Yet, Neshals, like any other
primate, did not change the landscape to suit tfldmay lived off the land,
as the land offered a living. Throughout their lo@gplutionary history,
which is commensurate with ours given that we slaaoemmon ancestor,
they never developed technology. Tools they hatihare is no evidence of
the component-built tools that are the essencedinology. Nor is there
any evidence of art — no Neanderthal graffiti —n@oconcept of line and
colour. This contrasts with modern humans who haeovered the
planet(s and moon) with unnatural constructions sindets with graffiti.
Occams’ razor demands that this evidence of diffezebe economically
explained. Heidegger (1977) in asking the questiomcerning technology
sought the answer in language. The answer offerd¢tig enigma is: quality
of information.

Information, in its technical sense, is a fundarakeptoperty of matter
related to entropy (Stonier, 1990). Maynard Smitid &zathmary (2000)
used it to map the major transitions in life: irege in information
processing capacity is an available response tease in environmental
complexity, in accord with the principle of requésvariety (Ashby, 1971).
The transition from reptilian to mammalian brairchatecture is one such
transition.

The mammalian brain differs from its reptilian presor in the existence
of neocortex, including prefrontal cortex. This bles a mammal to create a
set of hypothetical futures from memaories of thetpA pet dog will ask to
go for a walk by fetching its lead in the knowledbat a walk is an option.
Rats running mazes will enter an arm that nevetatos a reward out of
curiosity. This is evidence of prefrontal creatviBut all these memories
are sensory memories: memories of past eventslandsp In this sense, all
mammals are sense-bound. Nothing can be createdififormation that has
not first been a sensation.

In order to clarify our thinking it is necessaryittroduce the idea that
information comes in different ‘qualities,” in aogly with the grade of
energy. Like its energy analogue, quality diffeenis not expressible
mathematically but in structural properties. Thenaapt of information
quality allows us to consider genetic informatiorbe of a different (higher
or more fundamental) quality than its phenotypipression or idiosyncratic
sensation. There is such a quality of informatimailable to the brain:
phyletic information. This information is genetigainbuilt and exists at
central nervous system level. It is typified by sesthesis, the internal sense
that provides awareness of the body and its irtiegrnid which is the source
of such medical syndromes as phantom limb and oegle summary,
phyletic information is encoded in the genotype amressed in the
structure of the phenotype.

We are now in a position to offer an answer toghestion of the redness
of red. Ball (2002) reports a person who had rétiokour-blindness yet had
a concept of pure primary green. This is possileleabbse our genes contain
information on pure colour. Phenotypically, this @gpressed in certain
feature detector neurones that react along a mehgcontinuum (Hubel,
1995). Thus, for primates, colour information isadable as an index of
sugar content, e.g. to determine that fruit is.rif@ human abstract concept
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of pure green or red is possible if and only if thaction of those neurones
is available independent of sensory context. Tihiglies a somaesthetic-like
connection from primary sensory to prefrontal carferimates do not have
such a connection but psychophysical evidence KC&icKoch, 1995)
suggests that the human does. The Technicity Thasigroposition for
discussion, dissection, disputation and dispraesfeds that:
The evolutionary transition to the human occurredhew
prefrontal connection to phyletic information in imary
sensory cortex was established. Information ore,liprimary
colour, etc. became available for appreciation acwkative
construction. Over generations, with educations thiade the
development of technology possible.

In the human the seat of the ‘mind’ is prefrontaitex, which provides
working memory and temporal integration. It is Hyghreciprocally
interconnected with the older parts of the braid tre neocortex. Of its two
equally highly interconnected divisions, the orbitmial has relations
mainly with the older brain and the lateral contgxnostly with neocortex,
both sensory and motor. Thus, sensory and motoramelis stored in
neocortex and processed in the prefrontal areesiponse to the needs of the
organism conveyed from the limbic system, whichfrorgal cortex also
modulates. The proposition is that certain phyl@tiormation in primary
sensory cortex reaches prefrontal cortex unbouncdotdext. There it can
become a concept and, consequent on cognitiveti@aaterconnection, an
aesthetic experience. In addition to memory fromgbnsory life-history of
the individual, information that is fundamentalbe internal structure of the
universe (e.g. wavelength of electromagnetic ramhais made available for
awareness and creative recombination by preframekx. Information of
this form known to be available at primary sensooyrtex includes the
classes: line length; line angle; direction of rmnticolour pairs red-green,
blue-yellow, black-white; and pitch, all propertiglsmatter.

When present in prefrontal cortex this informatinay become a concept
and, consequent on cognitive/affective intercorinact an aesthetic
experience. Schematically, this is expressed irlfidpelow.

Figure 1.Schematic of the proposed neural connection fdrieity
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The human can conceive and appreciate pure redperfact square —
and use it as a referent. This proposition is elyticonsistent with the
principles of brain evolution (Striedter, 2005) aoflthe development of
prefrontal connectivity (Fuster, 2008), of which ahtails a very small
extension. It is, therefore, entirely consisterttwidarwinian principles. The
power of technicity comes not from any significahiange in architecture
but in quality of information. That is, the transit to technology flows from
information quality. As a result, the human canstorct meaningful marks
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and mechanisms. From the adaptive need to maxirtige creative
constructional capability flows the process thatoat education.

Beyond language

Without doubt, language is fundamental to our difde. Equally, language
is unarguably complex. For many this complexity \@asargument against
its evolution and in favour of its invention. Thsas reasonable because we
can invent new words and alter the grammar, inrashtwith the fixed
biology a complex organ such as the eye. Howeuss, @volution of
language is now established (Pinker, 1995) andtimately associated with
the social brain hypothesis of hominine evoluti®urbar, 2004b; Burling,
2005).

The work of Bloom (1993) with infants suggests tha¢ech expresses to
others what is in mind but not supportable fromtegt l.e. speech lets us
communicate about things not present, past evemisfidure possibilities.
This parallels the function of prefrontal cortexo@m also remarked that the
‘something in mind’ is also expressible by signgaage. This demonstrates
that there are more routes to expression thanvbleexl speech adaptation.
Although we use language for internal conversatm®m well as in
interpersonal discourse, this should not blind wgg limited capability to
express what modern humans have in mind. And, adfnothere is
increasing evidence that language reflects cegapects of how the mind
works (Pinker, 2008), there is no evidence (Fus2608:195) for Luria’s
prefrontal localisation of the internalised spedtiat Vigotsky (1962)
proposed as the stuff of thought. However, co-ai@muof language and the
brain may have provided a substrate for a genexpaaty to create and
manipulate arbitrary symbols (Deacon, 1997). Caersile drawing below,
figure 2, as an expression of what was in the roirah eight-year-old child.

This complex spatial representation is packed witiat linguists call
nouns, adjectives and prepositions, with hintseabs. Its composition has
taken place in prefrontal cortex, from the elemeinfarmation immanent in
the structure of primary sensory cortex, in accevith grammar-like
conventions. We tent to interpret it as art (Gardri®80) but it is not.
Looked at objectively, this picture has more in aoon with an architectural
drawing or an engineering blue-print than with atplgraph or painting of a
scene. Like the writing it incorporates on the shopt, it is consists of
geometric forms. Here these forms hint at a scedettze objects in it, as in
writing they hint at speech. Language cannot expths information. As
the Platonists noted, we have the word “red"@ms or ueper) but how do
we know ‘red’? Language can only communicate kndgg#eonce meaning
is agreed. Not only must the referent be a parthef common cognitive
culture, the linguistic culture must also be shared
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Figure 2.A drawing by an eight year-old

Diagrammatic representation, as the LEGO Compangwknwell,
transcends the boundaries set by language diveBRiitlyexpression in this
powerful medium must also be learned. It is node that the curriculum
of the kindergarten features colour, shape, nurabdrletter learning: this is
the first phase in bringing the technicity adaptaton stream. Throughout
the primary school years, maturation of prefronotatex, virtually complete
by their end, will integrate language and techyi@s parallel means of
expressing what is in mind. This is a part of thhecpss of changing
children’s chatter into Alexander’s (2010) discaurswhich will culminate
in the possibility of inspecting language in itstten form for clues on how
the mind works. Its genesis is illustrated by thassic child’'s story with its
associated drawing that we see displayed on classvealls.

Externalised memory

Memory, perceptual and action, is what prefrontattex works with.
Technicity makes it possible to store memory exkyn This external
memory may be static, as in the frozen discoursxifor an image; or it
may be active, as in a mechanism or machine. Kruyelestored
independently of a mind becomes an object of semsatlence, it may be
incremented as each successive generation starttie eacorded shoulders
of its forebears.

One strand in this process is of particular releeato the discussion
here. It is the confluence of the study of languagd mathematics, which
writing made possible, with the development of &leal and mechanical
engineering. In the conceptual Turing machine (B8:r1991) these streams
came together and are realised in the now ubigsisbored program digital
computer. Until this happened, the storage andgsging of information
were separate domains, the latter usually the peevof the human mind.
Both processes entailed a long apprenticeship olingp decoding and
animation. Schools for over six millennia have tatugeracy and numeracy
with a presumption that information cannot prodésalf. This is no longer
the case.
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The human mind is now in a position to pass beyandrely
externalising, thereby extending, sensory and mactioemory. It can
externalise, and thereby extend, its processinghibiy; i.e. prefrontal
working memory. This is the new medium environm#rgt school faces.
This is why the term “Turing medium” is a bettersdaptor than the
vacuous phrase “information and communication tetdgy” (ICT). The
latter both fails to differentiate computer-baseedm from their unanimated
precursors and signals deep ignorance about obindémgical capability.
The former connotes the capacity of the mediumetaly write and, with a
little instruction, do arithmetic. These operatioasthe heart of school, may
now be carried out externally to the brain: withnsequences for our
concept of education.

Within the human institution of education, the paitpn phase is
paramount. The years of primary school are the moste phase in brain
maturation, particularly the connectivity of thaeas of thought, the
prefrontal cortex. According to Fuster (2008:202):

“... the temporal-integrative functions of the preftal cortex —
attention, memory, planning, develpari passwvith its structural
maturation. Those functions develop gradually, \sjilarts between 5
and 10 years, to reach completion at about 12.”

Modes of education

The institution that is school is not a prereqeidior survival. We have
available to us all the cognitive apparatus of baminine predecessors,
notably: language, recognition skills and memorgagity. If technologies
are lost, as happened with the Tasmanians (Dian&i}@h), survival is little
compromised until faced by a technologically modvamced competitor.
Language, in a tribal group at least as complexlimpanzee troupe,
provides a particular advantage. By expressing &bimng in mind’ that is
not supported by the immediate context, languagsorbes an interface
other minds and thereby to distributed informatocessing. A linguistic
community, in planning and problem solving, is aati on not minds
operating singly but on minds operating in conc8uch a community may
also distribute knowledge. Hence, what is in areeddmind becomes more
important than their physical capabilities.

Additionally, hominines have the ability to leary bbservation. (This
may involve so-called mirror neurones). Seen in mbn chimpanzees
(Matsuzawa et al., 2001), we experience it whenaske how something
should be done and it is demonstrated with thenatjan, “Do it like that!”
Learning by observation, like language, has de@ugonary roots. This is
the primary way we learn in day to day practicaliaions and transmit
culture. This is Mode 1.

Mode 1 learning: A combination of spoken instruetiovhere the
immediate context cannot provide support and olasenv if context is
sufficient. This mode uses only upon our inbuilblbgical capabilities,
including a capacious memory, and it accounts fochmof human learning.
Given the similarity of our brain and speech adémtawith that of the
Neanderthal, this is a mode of learning that wdn lppbbably inherited from
our common ancestor. As we share it, let us chanaetit as “Neanderthal.”
It relies heavily on memory and linguistic mnemanicMemorising
multiplication tables, learning the Koran by heand practising the piano
are examples. In a social-brain based societgdt mdlies upon knowing who

73



ODUILL, M.: Towards Turing Teaching: Technicity to Trarsitj p. 67-86.

knows. This, in pre-information societies, leadstlie role of teacher as
subject expert or master.

The constraint on mode 1 learning is limited angg@nmanent memory
capacity, even where enhanced by distributed memdany addition,
transmitted language suffers from information ddgton (“Chinese
whispers”), linguistic drift and language diversitiytherefore serves only to
maintain knowledge that can be verified in expdiadly — and to sustain
myth. The technicity adaptation enables these caingt to be relaxed,
leading to modes 2 and 3.

Mode 2 learning: Meaningful marks and mechanisnmvige external
perceptual and action memory capacity, thereby ngaiipossible to ‘carve
in stone’ the ‘something in mind’ that we wish tgpeess. This applies
equally to the recording of language and the canstm of mechanisms. All
are what Papert termed “public objects open toaatpn.” They include
multiplication tables, the Koran and the piano. Aai products made
possible by the higher quality neuronally strudtiméormation to which we
have access. All human knowledge, recorded inridgsaand embodied in
mechanisms, has accrued generation on generatiorthisy process.
However, before meaning may be understood, thedenost be decrypted
and, where appropriate, animated. The Victorian 3Rsading, writing, and
arithmetic — were the core of school in Sumer sitermia ago (Kramer,
1981), and they remain so. Such learning may beactexised as lithic,
reflecting the clay tablets in which writing was gressed. This term
captures the fossilised state of the record andn#ed to bring mental
processing power to bear on it to decrypt the mankd extract and re-
animate meaning. The consequence for primary sattitlren is a heavy
mental work-load. They must learn to decrypt andnate information
frozen onto a medium that offers little or no assise. Mode 2 overcomes
our biological memory limitations, and has beenraxely successful.
Nevertheless, importantly, there remains the limgitconstraint of human
information processing capacity, which the lithiedium stretches to its
limit.

The constraint on mode 2 learning is that all exbsed information
must be understood and processed within constraetsthe limits of
biological mental, working memory, capacity. Thigpacity constraint is
captured in Miller's (1956) 7+2 rule, (hence, cortipg with a 5/2 abacus
may be visualised,) and experienced in the depthitsi of human
intentionality and phrase embedding (Dunbar 2004H)e bounds of
evolutionary biology remain.

Mode 3 learning: The Turing machine, physically edified in the
stored program digital computer, breaks the finahd to biology. It
provides us with the capacity to represent prosesseernally and thereby
relax the constraint that all animation of exterm@mory must take place
within the mind. I call it “Turing” learning, in heour of the genius whose
war-time work was suppressed by government and wdm hounded as a
homosexual by the same authorities. However, them@ins a constraint.
The Turing machine can only carry out mechanicarafions. There are
aspects of human thought, as Dreyfus (1992) andoBen(1991) have
argued, that extend beyond the mechanical. Itigs abpect of the human
intellect that Turing media now allow to come ithe foreground.

By relaxing the processing constraint, Turing l&@gnposes major
challenges to current educational method, partilyula the primary phase.
Firstly, the capability of the medium to carry ¢l¢ very operations that are
the focus of primary schooling throws down a cudac challenge to
educationalists. Should literacy and numeracy reraaithe heart of primary
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education, devouring a significant part of childdpas Alexander (2010)
complained, when the medium can provide alternatieans of access to
information? Secondly, it offers to the primary @ch child an assistive
medium when learning to decrypt the meaningful maok writing and
number and in animating them. Here is a seconderitgd to educationalists,
this time in terms of method. Should teaching metho literacy and
numeracy remain book-oriented or should there tvaresfer to the medium
that can assist the child in their learning? Tuliegyning, it may be argued,
offers the primary school child, in the vital yean§ rapid prefrontal
connective growth, the possibility of an educatiomre in tune with
neurological development than has hitherto beesiples It also opens up a
new possibility: greater focus on those mental ciiga that extend beyond
the mechanical. This possibility exists becausectlaee emergent properties
after a transition. One such possibility is hintatd by the process of
instructing the computer: the new discipline of gramming. At a
minimum, this activity can extend children’s exgeige with text. Transition
to Turing learning brings significant change. Thessfion is, “How far are
we into the transition?”

The current situation

Given that, before The Technicity Thesis, we lackegt understanding of
ourselves as a technological species and defawltieshguage as our highest
cognitive capability, it should not be surprisirttat our education system
currently operates in Mode 1 supplemented by litmedia. Alexander
(2010) is correct in emphasising the importanciof§uage in this phase, if
not its primacy. Clearly, a child entering primaghool has this Mode 1
available and has yet to conquer the medium of Mbdée current practice
of ‘integrating ICT’ into primary education entaissimilating computer
technology to the existing educational infrastroetucurriculum and
attainment requirements. There are currently twgniBcantly different
approaches to this, typified by English and Bulgapractice respectively.

English practice was well described by Cartwrighd #ammond (2007).
It takes a scattergun approach to computer-baséddgies and seeks to
introduce children to them within the curriculumadgd around classroom
computers, teachers and children use ICT as aMdilst both teachers and
children become familiar with current technologye tresult is that children
are not taught to work with the computer systeraditicor do they learn to
use the full range of its possibilities. Conseqglyerdy the end of primary
school children in the same class have had veffgrdift experiences and
reach very different levels of capability, capdbilihat often reflects home
circumstances more than school learning.

Bulgarian children were offered a curriculum thatidses on mastery of
the medium from 1998 (llieva & Ivailov, 1999). This reaffirmed in the
current curriculum, introduced in 2006. Childrer aystematically taught
how to work with the computer in a dedicated corapubom by a teacher
with specialist training. Attainment targets forckayear of primary school
are set. Supportive software is provided for thiainstages (lvailov &
llieva, 2005), with set lessons for all four. A jarct oriented approach, with
activities related to the normal school disciplif@stheir age, is used. Thus,
the outcome of every lesson is a product in whiathechild has invested
their developing knowledge and skill. By the endpsimary school all
children in the class will have commensurate cdipabi
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Both education systems, however, insulate extanticclum and
teaching method from the computer, particularlyhi@ basics of literacy and
numeracy. The English national literacy and numeistcategies (Gov.uk,
1998-2011) explicitly promoted traditional teachingethods, thereby
keeping the computer at bay. The Bulgarian sysiemlg retained existing
method, books and standards in these areas. Wdssenks in the computer
room impinged on other disciplines, they servedetwich rather than
transform the children’s experience.

In neither paradigm are the assistive possibilitkshe computer as a
Turing medium exploited. No change in method hasiged and no change
is being considered. However, the Bulgarian apgroacto be preferred
because the children fully experience, and begiapiareciate, the different
capabilities of lithic and Turing media. This istep to transition.

The transition problem

The perception of the place of ICT in English priynaducation, which may
well generalise internationally, is ambivalent. ¥deder (2010:226) reported
that: “The division between those who regarded E3Ta cross-curricular
tool or skill and those who believed it should imeetabled as a subject in its
own right was marked.” And he noted (2010:242) thmtRose (2006)
“...science had been supplanted as the third ‘bdsidCT [within] ‘skills
for learning and life’”. The Cambridge Primary Rewis final position is
summed up in the following extract from Alexand2010:270):

“But warnings about any technology which in an extamally short

space of time becomes such a prominent and almdsttive aspect

of young people’s lives should not be lightly dssed. Further, we

believe that this debate confirms that it is rightocate ICT within

the language curriculum rather than as a semi-degalctool and

uncritically fostered ‘skill for learning and lifeas in the Rose report,

for placing it here enables schools to balance arplore

relationships between new and established fornesmimunication,

and to ensure the developmental and educationaigmy of talk,

which is now exceptionally well supported by resbavidence, is

always maintained.”

This is highly revealing of the view of educatidrat pervades academic
institutions. The hole in our knowledge resultdititte or no recognition that
our species has a unique capability to constrgee Qunbar, 1996 — for a
discussion of technology blindness). Given that ®@llearning goes by
default, it is not surprising that there is littiecognition that what is called
ICT might be a new medium that has a nhew and palvegfationship with
the human mind.

In a formal sense it is impossible to research amsition from the
viewpoint of a prior phase: the outcome of a tréémsiincludes a set of
emergent properties upon which there can be nanvdton prior to the
transition. For example, the modern human lifestyltotally unpredictable
from the information available to the Neanderth@la.a more prosaic level,
but for the same reason, it is not possible to @oseeaningful research
question related to change of medium. This is whiy dhe ‘integration’
(assimilation) of ICT to extant method may be resieed. But there is a way
forward: the engineering approach.

The engineering approach works by identifying imédhcies and
proposing solutions based on technological advaiibe. history of high-
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pressure (strong) steam power is an example (Twekjt 1872). Richard
Trevithick proved his point by demonstrating thedd coal was used for the
same work. But before he could do so, he must de¥is technology and
pilot its application. Engineering methodology lgentify, Devise, Pilot and
Evaluate.

The place to look for inefficiencies is the basiés. Alexander (2010)
has emphasised, literacy and numeracy dominateapyiraducation; are
taught by traditional methods; with constant conoexpressed about levels
of attainment. Low attainment in them is associatét lack of economic
opportunity and criminality. Developmental dyslekias been offered as an
organic explanation for learning difficulties inede areas, because these
skills correlate poorly with general intellectuddildy. In both number and
writing, teaching method relies on brute memoryt;, ipeadult life assistive
Turing media will be used.

Literacy will be considered first. English is takas the target language
for two reasons. Firstly it exhibits most stronghg drift of spoken language
away from the written form (a technology) over tindesecond reason for
the choice of English is its widespread use amgul franca. Therefore
many children who do not have English will be léagnto read and write
English as a second language in primary schoolelOdnguages such as
French and German where the written form was stadigial some centuries
ago are similar, whereas languages like Irish amddian that were subject
to spelling reform in the middle of the last cegthave a lexicon closer to
speech. However, even in these languages, thetabévieffect of dialect
and elision disturbs the one to one mapping of ddarspelling. It is a myth
that speech sound and spelling can be relatedomooed (see Taylor, 2008
for a discussion in relation to speech synthe&iggn reference dialects, e.g.
Received Pronunciation or General American, mapg peorly to spelling.
Jenkins (2000) found that for international Englisttelligibility requires a
common core of speech sounds commensurate withletibers of the
alphabet. We may take the view that written languesga communication
channel parallel to speech for the expression atwhin mind, cf. signing.
This is consistent with the finding that experien€gext is the best predictor
for success in literacy (Adams, 1990; Rose, 2006).

Writing is difficult for young children who must bBorecall and construct
letter forms at an age when their fine motor skilhel shape recognition are
still developing. Recognition and pointing is easian recall and
formation. Therefore a computer keyboard and sccaenscaffold the early
stages of writing. On-screen, the font, its fornzesand colour, and the
background may be altered. This may pre-empt ceviaual difficulties that
lead to reading failure. With the Turing medium tlepressive, writing
approach to literacy — which parallels the expresgpath to oracy —
becomes viable.

There remains the question of scaffolding the liegrof meaning and
spelling. The spelling checkers and auto-correatibadult word processors
are a solution to the failure to learn in schoolwbuld be preferable if
children were given a good mental model of spellimge that exposed the
underlying systematicity (Crystal, 2002). Naturadistext-to-speech is of
negative assistance in respect of spelling: comptre reference
pronunciations of words with their spellings in th@xford English
Dictionary. Spelling reform is misconceived. Eletjpnesearched, the initial
teaching alphabet (Downing, 1967), based on brggime orthography
closer to speech failed in the classroom. A congalyt better approach is
start from writing, where each letter is given dgweight, and factor in
Jenkins’ (2000) common core speech sounds. Faqritlgsnecessary only to
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provide some twenty distinct letter-to-sound mappinThese may then be
appropriately computationally concatenated to pcedan acoustic analogue
of the text. For young children in kindergarten gmiinary school, such an
approach is viable because they are at the pomumological development
where they can learn new language sounds withitfadihey learn a second
language with no trace of mother-tongue accentld@m of this age also
adjust their speech sounds to the audience, oftielg & high status form in
school and dialect at home. This means that thay keep parallel
pronunciations in mind. The computer system progdseDoyle (1986), he
called it ‘autex,” would offer an assistive parblpgonunciation system to
scaffold the learning of spelling.

Numeracy is the other notorious skill that somddehin fail to master,
even after many years at school. And yet, as Alarin§ said, numbers
should be their friends: they are reliable and nésteyou down. Given the
ubiquity of the four function calculator and thestoric desire of
mathematicians to be relieved of the tedium of aatanpon, is the objection
to young children using this capability of the cargy well founded, or a
myth? Is the best route to numeracy through thatalg of number words
and the counting of heaps? How does our mind utatetsnumber? And
how does our technology represent it?

The question of how we understand number is bestemed through the
language window. In common with other primates vegurally use real
number (Gallistel, Gelman & Cordes, 2005), and naeweple and things in
preference to numbering them. Recent research 8paet al., 2011)
suggests that counting is not a good entrée to otatipn but that language
is. The language of number, taken with the 7+2, inidicates that we count
up to nine then chunk into higher-level unit; chetoperation of an
odometer. The place-value numeral system we uss tanitrors this. When
we do count collections, we tend to chunk in fives. the prisoner’s five-
bar-gate {4331 method of recording the days. The 5/2 abacus byetthe
Romans and modern Chinese also nicely resideseatother end of our
mental capacity, so practised users are able nhental visualise
computations, thereby internalising the concretehrelogy. It is
disconcerting, therefore, to find that countingtéms and representations
such as the ‘hundred-square’ (figure 3) are recontime for use by
children.

Figure 3.An example of a ‘hundred-square’ used for introdgotomputation

§ e — L __I__fl

KenetcT| ! 3 5 7 9
" 13 15 17 19
21 23 25 27 29
31 33 35 37 39
41 43 45 47 49
51 53 55 57 59
61 63 65 67 69
g 73 75 74 79
81 83 85 87 89
q1 93 a5 97 a9
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The conflict between the place-value numeral systehich chunks and
shifts register on the count of ten, with the h@ddsquare representation,
which starts a new row on the count of eleven,bgiaus. The counting
frame and Dienes apparatus, by chunking after rétsn stretch mental
capacity beyond its normal limits. In so doing, hiithey inhibit learning?

The calculator, technology founded in the lingeistixpression of the
manner in which mind manipulates number, may b@geraffective route to
computational competence and comprehension. Théaysystem maps
one-on-one to language, of which it is a parakgresentation in the visual
domain. It therefore seems reasonable to use tm@uter's capacity to add
without error to scaffold computational capabilitychildren. Doyle (1986)
reported the case of a primary school child who wfered this route to
numeracy in the face of an inability to count.slicertainly preferable to the
current transition from oral to written, pencil apaper, arithmetic where the
medium offers no assistance and errors are coddntethe teacher well
after the thought process.

It is clear than traditional method is inefficieand possibly ineffective
for some children, the question is how to implenamnge in method and
measure improvement? Neither question has a siam@eer. The transition
from lithic to Turing medium is fundamental. It redlly alters teaching
method. It places new demands on developing minu$ will have
unexpected outcomes. One is the possibility thdtireim may use number
and writing at an earlier age. This offers a rotgecapability through
application rather than practice: the project dadrapproach that is implicit
in the English primary school topic and explicit timee Bulgarian project-
based approach to teaching children to work witmmaters. This suggests
that the measure that we need will be based orssgsament of the quality
of children’s products rather than on the demotistraf isolated skills.

The Turing medium is programmable. This is its miefj property as a
medium. It is intrinsic to the difference betweéhit and Turing media. It
follows, that if children are to master the mediuitmey must experience
programming. Given that the aim in literacy and etexy is to maximise
experience with text, and a computer program givesediate feedback, the
act of programming may be seen as an expressitimedbasics in the new
medium. Because programming is a means to thisaeddnot an end in
itself, non-graphic (i.e. text-based) programminyienments are most
appropriate. Logo, in its various implementationas attempted to offer a
suitable environment. It uses the letters and nalsethe children and
learning and contains grammatical markers. Thuingra Logo program is
analogous to writing natural language. The diffeeems that something
happens. The key to suitability for the primary -agege is in the choice of
what we choose the language can make happen: thewoairld to which the
language relates. Technicity suggests that thettavguld be some aspect of
the adaptation that has begun to emerge. For iestachildren like to
change the colour of the text they are writing. Wprocessors allow them
to do this by point and click. Logo, on the otheand, offers them
‘settextcolour’ as a command. Thus, they have thesipility of ‘writing for
the computer as a responsive audience’ and thestbgnding their
experience with text.

It is very unfortunate for the perception of pragraing in education that
Logo was introduced through the ‘turtle geometnyicnoworld. The root
problem for primary school was that this microworlded to teach
programming on the back of concepts of shape aadesthat children in
primary school were only just experiencing. Tureometry is a very
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sophisticated concept, an academic conceit cultaréte minds of two very
able academics (Abelson & diSessa, 1981). For rehildvho are beginning
to assemble the basic elements of line and antgesimapes (and will assert
that a square rotated 1/8 turn is a diamond), dfamneys at right angles to
a roof, and are just learning how to conceive pathsscape from a simple
maze, this geometry is not appropriate. The autbloosild have been alerted
to this by the “triangle” and “house” ‘bugs’ theyund in children’s
thinking. Unfortunately, Papert (1980) chose to anapn the Turtle in
“Mindstorms,” his visionary work on children andnaputers. He reported
another ‘bug’ of similar form: the “bugged man” ag called it. As a
solution, he invented the concept of “body syntibyii@as a way for children
to internalise “Turtle Talk” by walking shapes. Thavas no scientific basis
for this notion. However, in identifying a somaegtb sense, he had
identified the correct quality of information. TRechnicity Thesis identifies
the source of motion information as neurologicagparate from that for
shape — as the curriculum distinguishes shape pades Primary school
teachers rightly rejected turtle graphics. Logo hadome synonymous with
this microworld and the activity of programming wagected with it.

There remain excellent Logo implementations thatls&used in primary
school, notably Comenius/Imagine Logo and LCSI lgheorlds. The former
has the capability to generate stand-alone softaagewas used to program
ToolKID, the Bulgarian introductory software. Théysical Turtle, as a
controllable external object, was more appropriated this aspect of
programming continued in LEGO/Logo, a combinatiartable for primary
school. However, the LEGO Company replaced LogohwiabView,
adapted professional control software that useg@naf components with
parameter boxes. The aim of this was to align teehrLEGO with the
STEM agenda. Consequently, the possibility to boddtrol naturally into a
situation (llieva, 2010) is replaced by isolatedtptypes under the subject
heading of robotics. This parallels original theaga for Logo, which was
developed as an aid to learning mathematics. Wrtsally impossible to
promote programming as a means of expression iovel medium: its
referent is computing, an element in the isolatggext system that exists in
the university — a structural division inimicalgamary education.

Engineering transition

Current teaching method is undoubtedly inefficiangffective and, for a
significant number of children, demotivating. Rejgelacomplaints about
school leavers’ literacy and numeracy skill attastthis. However, the
development of new teaching method will take aificant amount of time.
Moreover, because the change is focused on a chiamgedium, it will not
be possible to compare the results with existiragtice. This is because the
skills that are taught to decrypt and animate welttnot need to be learned
as a prerequisite. They may be developed alongathitdr learning. Thus, all
our norms for attainment in the so-called basitisskill cease to be valid.
Although the children will clearly show whether thew methods are less
onerous and more effective, proper scientific eatadun will be needed. The
nature of the computer medium makes it possiblprtwide a continuous
record of child-computer interaction for analysisdaongoing assessment.
Given that current practice is inefficient it shdube possible to agree
measures that demonstrate more rapid and effdetivaing.

Only from within a transition can you have any mmfation about likely
emergent properties. The early days, post Trewthicthe development of
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the railways (Smiles, 1857) provides an appropnatelel for a process of
transition from lithic to Turing medium. The focakthe enterprise must be
on people with practical knowledge of what is euadv Only from within a
primary school classroom can you gain the inforamatbon how children’s
thinking and learning changes. Only with an experbwledge of the
developing primary school child can you begin wkall be a lengthy
process of transforming teaching methbavelopment of Turing teaching
will be effective only if placed in the hands ofaptising primary school
teachers who have a clear understanding of theenafuthe computer as a
medium.

Transition is a process that requires continuoymitirand evaluation.
However, the need for a number of steps, or stagé@gicated.

e The first is to ensure that children are systeralificaught how to
use the medium by a skilled teacher. The Bulgasipproach and
curriculum demonstrates the necessary conditions.

* The second is to develop and pilot Turing mateffi@ghe teaching
of literacy and numeracy skills. These have alrebdgn outlined
(above). Once these materials have been used dimkdreby
children and teachers in the classroom, methodbadgrmalised.

* The third is to increase the availability of primaschool teachers
who are adept with Turing media.

e The fourth step, for which the third is prerequisits to restructure
the primary school curriculum. Clearly, both skilad knowledge
are at its heart. The question is: What skills ait knowledge?
The author of the first Bulgarian national currioml for working
with computers in primary school argues convinginfbr the
construction of physical models to be given greamphasis in
primary school. She has demonstrated that by sysiemiy
teaching LEGQ construction children’s understanding of the real
world can be enhanced, their aesthetic sense edendamwork
skills be built, discussion can be focussed, amg@mming can be
introduced as a natural extension of talking alibet actions of
realistic elements built into models based on @brgystems found
in their environment. This type of activity enhastke development
of technicity in the neurologically significant prary school years.
It is essential, given the effects our speciesisity on our habitat.

Of these steps, the first is in place in at leas® oational education
system. It is effective in assuring equity of ascesd consistent and
coherent outcome. It puts into place a foundation.

Step two is the key to transition. It cannot takece within existing
national school systems, curricula and attainmanmfets because it entails a
transformation. Until the nature of the transforimatand its practical
consequences are understood, there is nothing fteinent. Therefore, as
with the railways, small scale pilots are requir€thnsfer of the ‘basics’ to
an assistive medium will require the greatest thougnd development.
There are significant conceptual difficulties itateon to number. How is an
assistive medium that is in tune with though bestduto develop an
understanding of and capability with number, asogep to inculcating
dependency on the machine? Beginning reading wiuire even more
thoughtful development. The ‘autex’ proposal, fdmieh space precludes a
detailed discussion, entails more than simply pinip ersatz prosody and
pronunciation rules from a naturalistic text-to-sge synthesiser. For each
written language a standard set of sounds thatanegn-one to letters and
work effectively as a spelling mnemonic will neeal lte identified. The
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widespread teaching of English as a second languag®imary school
makes it an obvious candidate for prototyping. Haave the problems in
initial reading are the same for all European laggs and the “autex”
proposal is language independent in its form. Tinexld only be a single set
of sounds for each language: a standard sounddtamnalard alphabet. As an
engineering problem, this is easier than localisiatyralistic text-to-speech.
Turing method will need a careful and thoughtfubgess of research and
development.

The schools used will, of necessity, be experinietae schools may be
private or public. The funding and oversight makewise, be private or
public. However, the children who learn in this nemvironment will need
to assent to the process.

Europe has a range of languages, educational itnaglitinfrastructure
and resources. The EU has the necessary admistiafrastructure in
place and there are enough medium-competent pris@rgol teachers for
step one. A small network of development foci fuhdérough the EU
would appear possible starting point.

Discussion

The Cambridge Primary Review has been timely in, tthmough emphasis
on language and discourse (Alexander, 2008), it ast a foil to The
Technicity Thesis. A moment of reflection on pripm&ducation reveals that
at its core is the technology of record: meaningiatks. The absence of any
science of ‘how’ the human comes to be able totersach marks, such
technical entities, Papert’s ‘public object openrtgpection,” undermines i
discourse that is the Review. Lacking a cognithagrfework for technology,
it cannot discuss constructed objects on an inteiéd plane. The technicity
adaptation alone gives the human something toatadkit beyond the gossip
of a reciprocally altruistic social animal. It isetse ‘things’ that lead us to
concepts like entropy or the Turing machine, hasdlgjects for dinner-party
talk (Snow, 1963), that stop us trying to invermeapetuum mobile and set
limits on mathematics. It is for such concepts #whication is prerequisite.

The Technicity Thesis takes the vernacular wordsdeun the
administrative acronym ITC and uses the great deptheaning with which
technology has imbued them. The empty phrase isaceg¢ with a
meaningful technical term that honours a scientiieneer: Turing media.
Communication, the language upon which Alexande®@ and all primary
school teachers place such emphasis is ‘languagentegossip’ that is an
index of cognitive development. Thus, the primseiiool topic, constructed
LEGO situations and a product oriented approachiG® provide an
intellectual context for constructive talk. The daiage lesson helps this by
shaping ill-formed daily chatter into a formal stiwre that facilitates precise
communication, an issue to which Oppenheim (1998preusly alerts
social science researchers.

Finally, Alexander (2008) nicely illustrates the passibility of
researching the outcome of a transition with theceptual framework of the
preceding phase. The absence of academic knowkduiyg technicity, our
capability for technology, meant that the reseashthrough no fault of
their own, were unable to think constructively abde relationship of
technology to primary. In its absence, no amount expertise in
experimental design, statistical analysis and dissm analysis can create
meaning: there must be an appropriate ‘somethimgjria.’

82



Practice and Theory in Systems of Education, Vol@nNumber 1 2012

Primary school is about the genesis of techniodyr truly unique
evolved adaptation. The medium used and its reishigp to our neural
processes is fundamental. A record-only medium deilsa particular set of
capabilities. A record-and-process medium makey déferent demands
and offers very different opportunities. These a®yet, largely untapped.
Therefore there is a need for a discussion of fogmit depth about how the
transition of teaching method, and thereby learningm lithic to Turing
medium might be catalysed.

Conclusion

This Technicity Thesis at the heart of this pap@gioated in a concern that
the computer was not being used in schools effegtifor the benefit of
children, particularly in the primary school yeafse attempt to analyse this
led to the realisation that psychology and eduoatiad no theory about how
the human comes to be able to draw. We could ne¢ @ scientific
explanation of our capacity for technology. To pdevone, it was both
necessary to identify the emergence of technolsgy &ansition equivalent
to the emergence of life and extend the concephfofmation/entropy to
include a notion of quality analogous the graderargy. The gap in human
psychology may now be filled and an explanatiohafv humans come to
be the only technological species is on offer. Vdgehan explanation of
Platonic ideal forms in terns of neurology and infation quality.

Returning to the original objective, we may noweak very different
perspective on primary school education from thatently on offer. The
language presumption is replaced by a testablenttfiGe hypothesis:
technicity. The genesis of technicity through kimgdeten and primary
school, in concert with prefrontal maturation, fsca review of the
perceived pivotal role of language. We may againafeeducation: “Let no
one ignorant of geometry enter;” because it is gagomthat comes on-
stream in the primary school years.

Language is essential for verbal communicatiorinakis paper but it is
not the stuff of thought, nor is it the definingpadility of our species.
Language is an adaptation of great evolutionantidépat we share with
most mammals. Education is technology based. Riest developed
technology for the external storage of memory thee extended
externalisation to the representation of mentat@sses. We now have three
modes of learning, each defined by the charadtsisdf its medium:
Neanderthal — pre-technological and pre-humaniclithbased on a static
record and the current foundation of school; andnu— computer-based
and offering new cognitive opportunities.

The Technicity Thesis, to which the conceptual famrk of the
Cambridge Primary Review is inimical, emerged frtdm classroom and
was motivated by child behaviour that current treoof learning could not
explain. It offers an economical explanation of capacity for technology
and sharpens our perspective on language. It rajsestions over the
capability of academic institutions in matters ofqiice: recall that Robert
Stephenson spent only six months at Edinburgh Usityeand that father
and son later promoted Mechanics Institutes to ldpvengineering skills
and concepts. In the light of a blindness to tetdgyin academic culture, it
calls into question the language-focus of our etiocasystem and the
capability of the university in matters of primaggucation. Transition to
Turing teaching offers the greatest challenge taicationalists since
meaningful marks made formal education possible.
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