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Abstract 
The prerequisites of making the computer intellectually transparent to teachers and 
pupils are addressed in this paper. The nature of computer representation is discussed 
and the conclusion that we mislead ourselves into perceiving it as a mathematical 
entity is drawn. A view of the computer as a development of the technology of 
writing, from passive nominal to active verbal representation, is developed. The 
computer represents a fundamental advance in our representational capability. Certain 
consequences for teacher education are outlined. 
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1 INTRODUCTION 

The UK strategy for information technology (IT) in education for the past decade has 
been to focus upon teaching teachers and pupils to use ever-developing informatic 
equipment. Consequently, many teachers and pupils are capable IT users. Capability 
in IT is now deemed a basic skill (Dearing, 1993). Yet, there is concern that education 
is not making effective use of the new technology, which it appears to be assimilating 
to extant curricula and social agendas. Papert (1994) suggests, as a factor, the lack of 
that intellectual 'transparency' we associate with products of the machine age, for 
example, the steam engine, sewing machine, and motor car. Of the three roles, tutor, 
tutee, tool, that the computer plays in school, typified by: Integrated Learning Systems 
(ILS); children 'teaching' computers through Logo programming (Papert, 1980); and 
using computers 'as appropriate' across the curriculum; none presupposes any 
discontinuity in the curriculum consequent upon the computer. Current computer use 
is premised upon the assumption that the curriculum itself need not change (Papert, 
1994; SCAA, 1995). 
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2 INSTRUMENT OF REPRESENTATION 

In appearance a computer is a television with a typewriter keyboard; does this truly 
mirror the nature of the instrument? The words we use to talk about the computer 
have their etymology in the vocabulary of mathematics; might they mislead us into 
perceiving it as a mathematical, or 'mathetic' Papert (1994), entity when, perhaps, it is 
otherwise? What, from an educational viewpoint, is a computer? To begin to answer 
this question we need to separate out two aspects of the technology: representation 
and operation. 

2.1 The land of OZ 

At the computer's lowest level just two symbols, bits, are employed to represent both 
the data to process and the instructions to process that data. Conventionally, we 
represent these symbols by the binary digits 0 and 1. The etymological trail for 'bit' 
leads back but 50 years to a I946 citation from Electronic Engineering (OED, I972): 
The internal working of the machine will be entirely in the binary system, in which 
number is represented by a series of I 's and O's the I 's being pulses and the O's the 
spaces between. 

Two symbols suffice because (Encyclopaedia Britannica): 
No smaller number system can be used to represent information since there must be at 
least two symbols to distinguish meaning. 

These sources lead to the perception that the computer is both discontinuous with 
previous systems of representation and somehow mathematical. The question we now 
address is whether this 'numerical' linguistic etymology is appropriate for education. 

Number or not 
The binary system goes back much further that I946, at least to Gottfreid Leibniz 
(1646-I716); for whom I stood for God and 0 the void. And, in I846, it appeared in a 
rather different form as Samuel Finlay Breese Morse's electric telegraph code: 
' ... a system in which each letter of the alphabet is represented by a sequence of dots 
and dashes' (Macmillan Compact Encyclopaedia, I990). 

Both Morse code and bit represent information with the absolute minimum of 
symbols, but are bits number? Let binary numbers be the representation system of the 
computer. It follows that only positive integers may be represented. This is absurd. 
But if computer representation is not numerical, what is the precise nature of the 
symbolic system used? To answer this question we need to reflect upon the 
development of symbols in general. 

Writing 
We will start in prehistory within a cave such as that at Lascaux. There, in the devices 
on its walls, we see our capacity to use both pictorial and abstract representation. Here 
are the precursors of writing. In the development of writing, for most cultures, there is 
a progression from pictogram through ideogram to phonetic representation (Hooker et 
al, 1990). The focus of representation shifts from the thing to the words used to speak 
of the thing, a change from direct to indirect language based representation. 

The alphabetic system took this process further. The symbols came to represent not 
specific words but the meaning carrying units of the spoken language, a shift from 
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morpheme to phoneme. The alphabet is a very economical system. Some twenty 
symbols are sufficient to encode meaning, though not pronunciation, for most 
languages. The symbols of an alphabet are entirely without intrinsic meaning. Those 
of the binary system are similarly innocent of intrinsic meaning, while they encode 
meaning with maximum economy. Therefore, we may best consider binary 
representation to be neoalphabetic. 

Binabet 
The position taken here is that the computer binary system is best perceived as 
linguistic in nature and alphabetic in principle. This computer 'binabet' might better 
be represented using symbols other than the digits 0 and 1. The symbols 0 and Z are 
commended, if only for the literary allusion to the Wonderful Wizard of OZ (Baum, 
1900). 

2.2 Run selected 

When you switch off a computer it stops operating. Electrons cease traversing gates to 
perform the operation -(A+B) (Penrose, 1990), an operation we represent in the 
algebra of George Boole, a contemporary of Morse and Scholes, and work is no 
longer done. 

An important conclusion flows from this: the computer is a thermodynamic engine, 
cf. a steam engine. It converts energy into information (Stonier, 1992) instead of 
physical work. The principles of physics apply, as do the engineering considerations 
of power, precision and entropy. Computing is unidirectional, flowing with the arrow 
of time. 

A new capability 
The representation of a computer instruction is isomorphic with the representation of 
data, both are binabetic. Hence, on a computer, there are two types of word: words 
that represent things and words that represent actions. In natural language these are 
noun and verb. The computer provides us with a capacity actively to represent verbs. 
This is an entirely new capability and extends language beyond the bounds of speech 
and writing. 

We may think of the computer as an alphabetic writing instrument with electronic 
ink. To the making a mark that writing gave us we have added the capability to 
change marks with a mark. The Logo Writer expression 'run selected', which activates 
a highlighted word on the screen provided that that word is a 'verb', encapsulates this 
new capability. 

Medium for communication 
We may now evaluate anew the nature of the computer. For instance, we will need to 
recast our view of multimedia; for all its elements are represented binabetically. 
Hence, all media reduce to a monomedium: to writing. That all media may be 
represented, using suitable conventions, within a binary written medium, enables us to 
communicate more effectively. That a message is written in a verbally active medium 
enables us to manage its transmission. It may route and check itself as it searches out 
data on our behalf. 
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• Computer language, of which Logo is the prime educational exemplar, most 
clearly embodies the new capabilities of the medium: commands and operations 
to carry out verbal actions, with nominal inputs for the data. 

• The Internet functions because of the new verbal capability of computers and 
not just because of binary representation - this latter was available with Morse 
code. 

• Natural language variety becomes less of a communication barrier as software 
enables us actively to represent processes used in translation and language 
recognition. 

The route to understanding Informatics is through language, computer language, 
Logo. 

3 MATHMYTH 

It is necessary now, formally, to return to the question of computers and mathematics 
education. We might equally examine Integrated Learning Systems or Papert's (1980, 
1994) mathetic notion. The latter, particularly in turtle geometry, is the more 
interesting. 

Turtle circle 
Papert (1994) asserts: 
' ... the commands FORWARD and RIGHT are a universal set in the sense that they 
can be combined to produce any possible path or shape'. 

This assertion is very problematic. The words FORWARD and RIGHT are 
computer commands. Representation on a computer is constrained by 
thermodynamics. Hence, considerations of time and precision make it impossible to 
represent a circle using these commands. Consider the general polygon procedure 
used to draw 'circles' on a screen: 

to polygon :sides 
repeat :sides [forward 1 right 360 I :sides] 
end 

Physics or maths 
Mathematically, as the number of sides increases so the polygon tends to a circle. 
Computationally, as the number of sides increases so the limits of speed and precision 
of the computer are exceeded. MicroWorlds Logo is particularly interesting because 
once a numerical string exceeds a certain length it ceases to be treated as a number. 
Type in 1 and the message 'I don't; know what to do with I' is printed. Type in 
10000000000, a figure less than the population of the world, and the response is: 'I 
don't know how to 10000000000'. The figures have ceased to be a number and have 
become a word. Though we may include the symbol oo in our font collection, the 
computer cannot, of its nature, represent this concept. The machine is finite and may 
only represent finitely. 
Active verbs 
Mathematicians have mistaken the computer's capability actively to represent verbs, 
operations in mathematics, for a capability to represent mathematics. The converse is 
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the case. Mathematical thinking involves concepts such as infinity, 
incommensurability, irrationality, and the imaginary. No such concepts are capable of 
representation on a computer. The computer can, because of its active representational 
nature, represent, within limits, certain previously unrepresentable mathematical 
operations. For example, we may now represent actively the operation of addition. 
Yet mathematics teaching is still premised upon the necessity of teaching a mental 
capability to add. Mathematicians would employ the computer to assist in this 
process. This is to deny the fundamental nature of the advance in representational 
capability we have developed for ourselves. That mathematics education is in crisis is 
not in doubt, but the crisis is not one of pupils' incapacity to do sums, it is in the 
failure of mathematics educators to reform their curriculum to make it congruent with 
a new capability to represent the doing of sums. 

Etymological seduction 
The problem is that mathematicians are seduced by the etymology of the language we 
use to talk about the computer. In reality the reason for the development of the 
computer by mathematicians is isomorphic with that of the Scholes' successful 
development of the typewriter: the number domain is simpler to work in than the 
natural language domain. Mathematicians do not appear to have noticed that they are 
actually using a typewriter. 

4 THREE THINGS TO TEACH TEACHERS 

Teachers are in an unique position in society. They are removed from productive work 
and charged with transmitting extant knowledge and culture, whilst at the same time 
preparing youngsters to progress the culture further. The present time is uniquely 
difficult for teachers because it coincides with the development of a new instrument of 
representation, one which entails a discontinuity in our capability to represent the 
world. 

The origins of the species 
The first thing teachers need to be taught is the prehistorically long evolutionary 
process that led to the computer. Teaching teachers about this will entail the weaving 
together of several separate strands. Teachers will need to learn that the computer: 
• did not emerge de novo in 1946, whatever the etymology of the vocabulary; 
• is an alphabetic engine, any apparent mathicity being an artefact of its 

development; 
• is an end point in millennia of language development, and not the electronic 

offspring of C19 manual mechanical marvels such as Babbage's difference 
engine; and 

• extends our representational capability in a discontinuous manner: into the 
verbal. 

The nature of the discontinuity 
At the end of the medieval period Western schooling shifted from oral methods, in the 
ecclesiastical chantry school, to book based learning in the grammar schools. In 
England the grammar school is held high as a beacon of excellence, but the computer 



300 Section 10: The increasing need for focus upon cultural and social factors 

has made it obsolescent, as did printing the chantry school. To understand this 
teachers will need to understand the nature of the representational discontinuity the 
computer embodies. 

Both speech and writing represent action (verbs) metaphorically. To communicate 
an action we need to go beyond what may be said or written down. We demonstrate 
by mime or gesture, i.e. accompany language with actions. When we employ electrons 
as ink we put energy into our writing. By this we extend our representational 
capability beyond language. The computer adds the capability to represent actions 
actively within a written medium. This is a novel representational capability. It 
implies upheaval within continuity for the school curriculum. The basis of our 
learning, the 'letteracy' which Papert (1994) disdains, continues with the added 
capability actively to represent verbs. In mathematics this is a capability to represent 
the mental operation of addition within the medium of representation. Without a full 
understanding of the nature of this change the computer will continue to be 
assimilated to an extant, nominal, pre-verbal curriculum. 

A little Logo 
To teach teachers about the nature of our new writing instrument we need to introduce 
them to language that is of that instrument, to computer language. Logo, designed for 
education, where commands, verbs, come first, is ideal for the purpose. We need real 
Logo implementations: Silverman's LogoWriter, where a word highlighted on screen 
may be 'run' to perform its action; Sendov's Geomland, where Euclidean geometry 
becomes active; and Kalas' Comenius Logo, where graphics may be treated as words; 
not the degenerate so called Logo of turtle graphics packages (6 Duill, 1996). 
Suitably developed, Logo offers a route to understanding our new instrument of 
representation. 

Finally 
Teachers are working in a time of curricular instability. The nominal curriculum of 
book based teaching is being rendered obsolescent by a radically new active 
instrument of representation. Its intellectual transparency to teachers and thence to 
pupils is essential. 
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