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ABSTRACT

After many years of research, it is becoming apparent that

major changes in education are not going to be brought about by

minor improvements in instructional design nor by enhancements

to conventional educational technology. Indeed, if a major

breakthrough is to occur at all, the evidence suggests that it will

have to be brought about by direct cortical intervention using

either Chemical or electronic means. This paper explores the

latter and describes the possibilities particularly with respect to

biochip technology and the impact that may have on education

and educational practice in the future.

Not

For an expanded version of this paper, see Cartwright 1982b and
1983.



SYMBIONIC TECHNOLOGY AND EDUCATION

I can see the children of the future bouncing through this
playground of knowledge, motivated by curiosity and the fun
of having their questions instantly_ answered, being assisted
by either a human -or computer guide, threading unique
pathways through human krowledge. Imagine what it would
be like, from birth, to be exposed to this type of media.
A child would quickly become experienced searching for and
finding information on anything, relating ideas and weaving
patterns of understanding, developing a form of thinking that
would be highly conceptual. By today's standards, such a
child would appear to be a genius. The impact on an entire
generation could be dramatic. Our children's children may
become the first genius generation.

(Hald, 1981, p.58)

Traditional approaches to improving instruction have often centered

on the nature of the instruction itself. Most attempts have concentrated

on improving either its design or its delivery. But decades of research -

in both areas consistently demonstrates that changes to design or

delivery systems, while improving .performance somewhat, fail to bring

about significant change of the magnitude that might be considered a

breakthrough. It may very well be that we have reached the limit of

conventional instructional improvement, and that some new approach

must be found if optimal enhancement is to occur. Naturally, this is a

difficult position for most instructional dettners to accept, especially

those who have dedicated their lives to improving instruction by

conventional means. Nevertheless, the possibility that learning may be

enhanced in the future by some wholly new means must be considered.

To date, little attention has been paid, at the physiological level,

to improving the learners' ability to learn. This is partly because

educators are not equipped to undertake such a task, and partly because

it is-not-known-at-present how-such-enhancement might be accomplished.



This situation is likely to remain. But advances are occuring in

both the biochemical and electronic enhancement of the human brain.

Though educators will not being About these changes, they will have to

be aware of these developments so that they may. adjust the current

educational system, including curricula, to future needs.

This paper contends that if future breakthroughs arc to occur in

the area of learning, they will be brought about chiefly through

biochemical (Hansl & Hansi, 1979) and/or electrical enhancement. This

paper deals with the latter as an example of a scenario which could

have profound changes in education.

Intelligence Amplifiers

Computers and calculators already amplify our intelligence in a

limited way (McLean, 1981a), and a new invention is on the horizon that

will significantly extend humdn intelligence. It will be quite unlike other

tools we have invented, which for the most part, were external

extensions of our bodies. For though computers and calculators already

amplify our intelligence in a somewhat minor way, they are not yet

connected directly to the human brain. There are still a number of

interfaces like keyboards, line printers, and video screens required to link

humans with machines. In the future, however, it will be possible to

build more sophisticated intelligence amplifiers that till be internal

extensions. of our brains. These "ethnotronic" devices will be

significantly more powerful than present dfiy computers and may even

he wired directly to the human brain for both input and output. They
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will amplify and strengthen all the intellectual abilities we now take for

granted as comprising intelligent human activity. We may call such

devices "symbionic minds" (symbiotic, + bionic); because of the close,

interdependent relationships that will almost certainly exist between

them and our own brains and beCause they may make us, to some

degree, bionic (Cartwright, 1980a, 1980b; Fleisher, 1982; Takacs, 1982;

Cartwright, 1982a). Others have envisioned the same kind of device.

SayS Robert Jastrow (1982), founder and forme.- Director of the Goddard

Institute for Space Studies and now Professor of Astronomy and Geology

at Columbia University:

p!,

In five or six years - by 1988 or thereabouts -
portable, quasi-human brains, made of silicon or gallium
arsenide, will be commonplace. They will be an intelligent
electronic race, working as partners with the human race.

We shall come to find such inventions truly indispensable, and we

shall come to rely on them more and more just as we now rely on a

variety of devices from wrist watches to pocket calculators. To

complete the symbiotic circle, intelligenCe amplifiers may ultimately

come to rely on us, feeding upon our thoughts for data, working with us

in unity of purpose, watching over our every need, and exhibiting great

loyalty to us throughout our existence.

Connections

The idea of such intelligence amplifiers is not new, and the

evidence which suggests that we may soon be forced to adapt to a

whole new range of these tools is a projection based principally on the
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emerging research of at least five areas.

1. Emgors 0

The first of these is the recent appearance of 'le mgors"

(electromyogram

artificial limbs in

sensors) now used to enable amputees to control

an almost natural manner. In research being carried

on, 'among. other places, at Harvard, the Massachusetts Institute, of

Technology, the Massachusetts General Hospital, and the University of

Alberta, the ultimate goal is to create artificial limbs that respond to

the will of the patient. The trick is to find in the stump of the

severed limb the brain's own natural impulse called the myoelectric
0

signal or electromyogram (EMG), improve it through amplification or

other means, and use it to control electromechanical devices in the

prosthetic appliance. An obvious use would be to have it control an

artificial limb called a myoelectric arm. One such battery-powered

device known as the "Boston arm," has been available commercially since

1969, and more than fifty were in use by 1980 (Elliott, 1980). The arm

operates by electronically filtering the EMGs received from a pair of

electrodes at the biceps and another at the triceps, and using the

amplitudes of the smoothed signals to control the speed of the arm's

motors.

In Sweden, Dr. Rolf Sorbye, head of the Clinical Neurophysiology

Department of Orebro Regional Hospital has used similar principles to

develop a device known as the Swedish Myoelectric Hand Prosthesis for

children three-and-a-half to four - and -a -half' years old, which has now

been approved for supply and use in Britain by the Department of Health



and Social Security (DHSS..., 1981).

At the Illinois Institute of Technology, a more sophisticated

approach than that used with the Boston arm focuses on improving the

control of such artificial limbs. Rather than just amplifying the raw

strength of the EMG as is done with the Boston arm, a microprocessor

is used to analyse the frequency distribution of the EMG waveform and

use it to control the prosthesis.. Still other experimental work at the

University of Utah centres on analysing and using EMG's from a variety

of. the muscle sites scattered over the surface of the shoulder area to

eliminate the "crossover" problems associated with the EMG signal which

often result in imprecise movement (Elliott, 1980). In the future, even

c'm ore sophisticated microprocessor technology will be used to detect,

analyse, and interpret arriving EMG's in an effort to effect more natural

'movement of the artificial limbs. Related to this would be the

refinement of tiny computers to control existing paralysed (rather than

artificial) limbs (Computerised movement..., 1981). The extension of this

research could allow quadraplegics to control devices other than

myoelectric arms, granting them greater control over their lives by

allowing them to do more of the simple things we all take for granted:

close a window, turn on the TV, switch off the room lights, or type a

letter. In the future, the same principles may be used to benefit

everyone by allowing us to control mentally a wide variety of useful

appliances.

2. Brain Pacemakers or Cerebellar Stimulators

The second area is in the development of brain pacemakers. This
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work followed the creation of cardiac pacemakers and is based on much

of the reseal-di concerning the electrical stimulation of the brain. The

idea of electrically 'stimulating the brain has had its proponents (Delgado,

1961) and opponents (Myers, 1974). Penfield's -original work clearly

demonstrates that memories, sensations, and emotions could be evoked

with slight electrical stimulation (Penfield ;3c Rasmussen, 1950). Later

experimentation with electrical stimulation revealed a number of

difficulties (Sheer, 1961). Troublesome was the fact that in rats, the

elicitation of particular behaviors showed little consistency and often

behaviors would switch without any change in the parameters of the

electrical stimulus (Valenstein et al., 1970). Electrodes themselves,

though not technically "rejected," would often degrade. For example,

Chang et al., (1973) found that an implanted electrode often developed

a fibrous capsule as a result of tissue reaction.

Another problem was that electrical stimulation stimulated a large

number of neurons at once. There seemed to be little way of

selectively stimulating certain neurons electrically. Because of this; it

was argued that since neuroreceptors responded selectively to certain

chemicals, chemical stimulation of the brain would provide richer, more

easily controlled, and more easily replicated results (Myers, 1974). This

objection seems to be fading somewhat, as microprocessor technology

together with improvements in biocompatible surfaces, component

miniaturization, and microsurgical ,,procedures refine the techniques Of

electrical stimulation.

Despite the difficulties, extensive work in the area resulted in the

creation of cerebral pacemakers which furth.tr refined the techniques of
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tapping into the brain directly. Devices known as cerebellar stimulators

have been implanted in spastic children to help, them achieve some

measure of control over their muscle functions.

In general, most pacemakers are of the self-regulating variety, but

other kinds of pacemakers exist which can be activated by the therapist

or by patients themselves and these are now used in a variety of

situations. For example, there is a small model 'that can be implanted

under the scalp to stimulate certain 'parts of the brain when directed to

do so by radio command. Such mental pacemakers are now being used

to preverit patients from falling into deep depressions, to avoid epileptic

seizures, and to reduce intractable pain. At Tulane University in Ne.w

Orleans, several mental patients who suffer from psychosis and for whom

chemotherapy .has failed, have been fitted with brain pacemakers to help

them on the path to normal behavior. The controversial technique has

been used with neurotics, schiZophrenics, and others who have

experienced the feelings of extreme anger often associated with

psychosis or violent behavior. Reportedly, many have been able to leave

hospital for the first time in years and have begun to lead reasonably

normal lives (Heath, 1977). Other cerebellar stimulators have been,
implanted as brain pacemakers to minimize the spasticity and athetosis

associated with cerebral palsy (Cooper et al., 1976). Though the

technical perfection' of these iterfaces and their evaluation pose many

problems (Check, 1978), the mere existence today of simple versions of

cerebellar stimulators for specific medical problems points the way to a

potentially bright future for the more complex models of tomorrow.
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3. Biocybernetic Communication oci Neurpfretric.%

In the third area of develoDrrieht, Viocybernetic communication and

neurometrics, experimental work i9 uader\vay in an attempt to, interpret

brain wave patterns to link theme to 5Pecific thoughts. At Stan'ford

University, researchers were able to have 4 subject hooked ,,to a

computer. screen move a white dot al)eqt simply by thinking about it

(Pinneo et al., 1975). This work \vos ecotthoed by the Defense Advanced

Research Projects Agency (DARPA), pre5un)ably because the development

of such technology would have vo5t military implications. It has been

reported that the U.S. Air For4 has trained subjects to control their

alpha waves in order to send.More bode messages which could be picked

up by a scalp-monitoring machil)e dqd fed into a computer (Low9ler,

1980).

In the area of neurometrics,..oeoody of evoked-response potentials

(EPs) in the cortex has produced irifereyfiqg results, These are achieved

by measuring minute voltage char es riot would be produced in response

to a specific stimulus like a light, a bell, or a shock, but which would

be of such small amplitude as to riot show up on a, conventional

electroencelphalogram (EEG). An gveraging ctimPuter sums the resp9nses

over time to make them stand (Nt Nart background noise. Since the

background noise is random, it ttricis tO de Cancelled out. Through the

use of this
7

technique, it has now paell established that the long latency

response known as the P300 wade (p061tive potential, 300 millisecond

latency) is usually associated with deei5101).rnaking activity. Though the

wave appears after each decision, It is often delayed when a wrong

decision is made. Theoretically Irierli it Mould be possible to construct
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a device to warn us when we have made a -bad decision, to alei't us

when we are, not paying attention (a boon to ,air traffic controllers) or

to mopitor general states of awareness (Youcha, 1982). It is also

possible using EPs to distinguish motor responses from cognitive ( Youcha,

1982). processes, and decision-making processes from action components

(Taylcir, 1979; Stine, 1979; Selden, 1981; Stein, 1981). Because tif its

ability to check on active brain processes, it is thought that EPs may

do for physiology what computed tomographic (CT) scans did for anatomy

(Ziporyn, 1981a). As its objectivity (patient cooperation is not, needed)

and non- invasiveness come to be appreciated, more and more clinical

applications are beginning to appear (Ziporyn, 1981a; 1981b; ,1981c), and

it is likely that the number of non-clinical applications will also rise.

One obvious goal of such a technological development as

biocybernetic,,communication would be to use thought to'control a wide

variety of appliances. The possibilities would appear to be limitless.

For example, if thought is a form of energy, with universal "field"

properties amenable to scientific research (Dean, 1975), ti ell it may, be

possible to harness thought to facilitate a wide variety of- human

activities from controlling simple pocket calculator to complex

machinery like army tanks (Cartwright, 1981). Imagine the utility of a

pocket calculator if one could operate it by just thinking about the

numbers rather than pushing corresponding buttons. In fact, almost any

device which now exists would be intrinsically more useful were it under

the direct. control of the human brain. The extension of this kind of

'research might eventually result in mental communication between

individuals and, machines and even between individuals, in a manner

12
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similar to telepathy,. but based on proven scientific principles and

sophisticated technology.

4. Ai-tificial Intelligence

The fourth area, and it is a broad one, is that of artificial

intelligence. Scientists around the world working in the area of

artificial intelligence are studying pattern recognition, problem solving,

and voice comprehension with a view to reproducing these abilities in

:_ornputers. The tiny chess-playing machines which can now be purchased

in local stores are a spin-off of this research (Hunt, M., 1981). This

work is now becoming more publicized and .a number of rather good

popular summaries have appeared recently (Hoover, 1979; Stockton,

1980; Artificial intelligence, 1982).

5. Biotechnology

Less well known is the work in the area of biotechnology. In small

laboratories, scientists are now at work in an attemptto use genetic

engineering principles to construct tiny biological microprocessors of.

protein or "biochips" (de Rosnay, 1981; Futuristic computer biochips...,

1981; McAuliffe, 1981; Posa, 1981; Whatever happened to molecular

electronics?, 1981). The advantage is that by using the techniques of

recombinant DNA, very small devices (VSDs) can be assembled with

great precision.

'The recent advances in biotechnology, coupled with
simultaneous scaling down of electronic devices,- has created
speculation that protein macromolecules of living things may,
in nature, function to transfer electrons in a manner
analogous to device function. Moreover, these-..
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macromolecules in nature are often highly oriented arrays on
biomolecular lipid membranes or in helically oriented
f subassembling according to specific charge
patterns on their surface. Our intention has been to develop
means of organizing such molecules on non-biological
surfaces for the microfabrication of electron devices
(McAlear &Wehrung, 1981a).

Today, tiny circuits are etched in silicon using optical lithography

or electron-beams. But the creation of biochips with 10-25 nanometer
',-features (a nanometer is one billionth of a meter) would represent about

two orders of magnitude smaller than current optical lithography limits,

and would be smaller than that achieved by electron-beam or X-ray

lithography (Butts, 1981). In fact, this would mean that ultimate packing

densities (i.e. the number of transistors that can be packed into a given

area) would no longer be limited by an etching tool but for the first

time would be determined by the characteriStics-of the protein material

itself (McAlear & Wehrung, 1981b).

As unbelievable as it may sound, such biochips may even be

designed to assemble themselves.

At the molecular scale, a radically different approach ,to
device fabrication based upon self-assembly may be possible.
Here devices are constructed molecule by molecule, driven

by thermodynamics and by the unique chemical properties of
the Individual molecules. The .existence proof for
self-assembly of extremely complex functional systems is
life. The biochemical organization of living cells is very.
different from what would be desirable in a molecular
electronic device, but molecular biology 'and- biochemistry
offer a model upon which to base the development of
self-organizing systems. Furthermore, the new -techniques of
recombinant DNA and genetic engineering now offer' the
tools required to fabricate self-assembling molecular
"devices" with electronic properties (Ulmer, n.d., emphasis
added).

14
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All this is rather technical. What does it all mean? It means that

if biochips can be successfully constructed, it is likely they will have

higher density and higher speed, and will consume less power than

conventional silicon chips. This in itself will be no mean achievement

bepause of the continuing redUction in circuit size to the point where

some are now below the size of a living cell. For example, though the

diameter of a human blood, cell is eight microns (thousandths of a

millimeter), some two micron diameter components are now reported in

use and experimental work continues with parts a half a micron across

or less (Sweetnam, 1982). Hewlett-Packard has now announced the

creation of a silicon chip with the equivalent of 660;000 transistors

packed on a single quarter-inch square chip (Just how small..., 1982) and

new chips of gallitim arsenide promise to increase current computer

speed tenfold (Craig, 1982). For example, the Nippon Telegraph and

Telephone has already developed a 1-million bit chip of gallium arsenide

that operates twice as fast as other memory chips while consuming far

less power. Successful though the silicon chip is today, new protein

circuits the size of molecules are already being envisioned which could

significantly damage the silicon chip industry and ultimately lead to the

creation of a molecular computer (Angier, 1982).

Biochips would have a greater probability of successful implantation

in the cortex due to their higher degree of biocompatibility. Already,

enzymes can be combined with electrochemkal sensors to produce

electrodes that can be used as biosensors (Vadgama, 1981). And now,

one company has already received a grant from the National Science

Foundation for a -feasibility study of the creation of a direct interface

15
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between the central nervous system and an integrated circuit. Their

initial plan calls for increasing the number of effective electrodes from

an 8 x 8 platinum array currently used in clinical trials to an array. with

100,000 electrodes. Such technology will depend heavily on the use of

an implanted integrated circuit and state-of-the-art microfabrication

techniques. The actual device will consist of electrodes connected to

an interface of cultured embryonic nerve cells which can grow

three-dimensionally and attach themselves to mature nerve cells in the

brain (EMV Associates, 1981; The next generation..., 1981; Yanchinski,

1982). Ultimately, the provision of the appropriate set of genes could

enable the chip to repair itself, DNA codes could be used to program

it, and enzymes used to control it (Biotech..., 1981). Though the

immediate medical goal is to produce a more effective visual prosthesis,

the technique, if successful, has wide-ranging ramifications.

The Handwriting on the Wall

These five areas have much in common. For the most part, they

deal with the brain directly, with thought processes individually, and with

intellectual activity primarily. They are steadily converging. And

despite the difficulties with some of the implantation techniques

(Valenstein, Cox, & Kakolewski, 1970; Chang et al., 1973; Valenstein,

1978), once a merger is effected culminating in a routine way of

interfacing with the brain either indirectly by picking up brain waves

with external sensors, or directly by using electrodes implanted or

grown-in-plaCe, the symbionic mind will have been born.

The symbionic mind may be. defined as any apparatus consisting of

16



-14-

some .useful device, interfaced with the human brain, capable of

intelligent action. The most difficult task in its construction will not

be the creation of useful mind-expanding devices, for such simple

intelligence amplifying devices like calculators and computers already

exist; the most difficult task will be the design and construction of the

interface unit required to link these devices to the human cortex. Such

a complex interface will no doubt represent the major component of the

symbionic mind, and the creation of a wide range of standard and

optional :accessories to attach to it will probably prove to be a

comparatively easy task.

Such auxiliary brain prostheses or symbionic minds will be used for

appliance control, computation, monitoring of particular body functions,

problem-solving, data retrieval, general intelligence amplification, and

inter- and intra-individual communication. The ultimate revolutionary

advance may even be the direct, electronic transmission of the most

elusive entity of all, human thought.

Assuming that their development will take place as a logical

extension of the current work in the five research areas summarized

above, the question to be explored is, "What effect will generalized brain

prostheses have on education?"

Functions of the Symbionic Mind

To answer that question, we must first explore the possible uses

to which the symbionic mind will be put. One use might be to improve

human memory. In fact, the building of such symbionic minds may

prove to be mandatory in the future, if we are to improve the species

17



-15-

and extend our own lifespan.
C

It is easy to see how people with failing memories might benefit

from tiny mind prostheses or "add-on" brains with extra memory storage

- symbionic minds. Such devices will prove invaluable,' not only to

senior citizens, but to all of us. Never again will memories fail with

age. Rather they will improve with longevity due to bettei access to

a larger memory store, and even the feeling of "having something on the

tip of the tongue" may disappear forever.

Sy mbionic minds will do more than just improve memory, but as

yet one can only speculate as to their full range of uses. Nevertheless,

the possibilities appear= to,,be endless. Because the symbionic mind will

be able to interpret our thoughts, our very wishes will become its

commands. Thus it will be able to take dictation directly from our

thoughts, improve them through editing, and like the word-processors of

today, rearrange whole paragraphs, perform spelling checks, and supervise

the typing of final documents. It will, in effect, assist us in the more

routine aspect of our thinking, freeing us for more creative thought.

To some degree, the human brain may be limited by its small

number of input senses. .Qn the other hand, it really isn't known to

what extent the brain could handle more inputs, were they available.

But a symbionic mind connected to the brain to amplify its abilities,

improve its skills, and complement its intelligence, could be used to

handle additional sensory inputs, and to make low level decisions about

them, discarding- irrelevant data, and passing on more important

information to the brain itself. In the future, it may be possible to

build into the symbionic mind totally artificial senses and connect them

18
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directly to the brain. These artificial senses would simulate most of our

existing.senses but would bypass currently available receptor organs. For

example, it might be possible to have the symbionic mind receive

television pictures directly without the aid of a TV receiver, channeling

them through the symbionic mind directly to the brain. One would still

have the sensation of "seeing" the pictures yet one's eyes would be freed

for watching other things. Such devices would not be limited to

television but might include radio and telephone reception as well. In

all these instances, the normal sensory inputs of eyes and ears would be

bypassed. Already, preliminary work in this direction has been

undertaken at the University of Florida to find ways of implanting up

to 100,000 miniature photovoltaic cells to stimulate previously unused

parts of ihe retina in cases of retinal blindness. In the auditory domain,

patients at the Los Angeles Ear Research Institute have been fitted with

electronic ear stimulators to stimulate auditory nerves in an attempt to

improve hearing. Other researchers at the University of Utah-Salt Lake

City, the University of California-San Francisco, Stanford University, the
,

University of Washington-Seattle, and abroad in Australia and Austria

hope to bypass the auditory nerve completely by developing a device

that would convert sounds into electrical impulses which could then be

fed directly to the brain's auditory centre. For example, Dr. William F.

House at the Otologic Medical Group Inc., in Los Angeles uses a

technique to implant a single electrode in deaf patients; in San

Francisdo at the University of California, clinical professor of

otolaryngology Dr. Robin P. Michelson implants single units of eight

electrodes; and at the. University of Paris medical school, Dr.

19
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Claude-Henri Chouard has developed a method of implanting twelve

electrodes.

The immediate goal of this type of research. is to develop an

artificial ear. Such a device might be of some help to the estimated

300,000 Americans who now suffer profound hearing loss and who are

considered beyond the help of surgery or hearing aids. But whatever the

obvious medical advantages to the deaf, the end result is that this kind

of research represents the beginning of the creation of a direct interface

with the brain, and perhaps even the eventual development of artificial

senses of use to everyone.

If it were possible to build such artificial senses and connect them

directly to the brain, then it may also be possible to build totally new

senses and wire them in as well. Some of these might include

components of our existing five senses; others will be totally new and

the line distinguishing one sense from another may become increasingly

blurred. Exactly what these new senses will be and the uses to which

we shall put them must remain, for the moment, in the realm of

speculation, but one example might be a totally new sense to detect

currently invisible hazards like harmful levels of radiation or other kinds

of pollution in our immediate environment.

The creation of such devices, while difficult, may not be

insurmountable. For many years it was believed that the human cortex

was simply too complex to simulate. Recent attempts, however, to

develop computer simulations of the cerebellar cortex of the frog have

produced interesting results. Certain functions seemed to be independent

of how the cells were connected. This led the authors to conclude that

20
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the spatial distribution of the circuits may, under certain circumstances,

be more important than specific connections at the single cell level

(Pellionisz & Llinas, 1977; Pellionisz, Llinas & Perkel, 1977). What this

may mean for the creation of brain prostheses is that it may not be

necessary to duplicate the exact wiring of parts of the cortex. The

sheer mass of cells may produce the required functions without reliance

on specific wiring connections.

The symbionic brain will provide a sophisticated.,interface between

us and a wide variety of household gadgets. One can already buy

photoelectric switches and sound switches at most local electronics

supply stores to turn appliances on and off with the beam of a flashlight

or the sound of a voice. The symbionic mind will provide a "thought

switch" to enable us to control appliances merely by thinking about

them. It will guard us from a number of dangers and protect us in a

wide variety of situations. At a party it will monitor our blood alcohol

level and warn us when we have had too much to drink. It will keep

an eye- on other bodily functions including digestion and blood sugar

levels, and warn us of impending illness, undue stress, or possible heart

attacks. It will guard us while we sleep, listening for prowlers, and

sensing the air for smoke. It will attend to all household functions and

perhaps will ultimately direct the activities of less intelligent household

robots vtfl h are sure to have come into existence by that time. It will

share with us i vast memory store and 'its ability to recall information

virtually instantly - information we thought we had forgotten. It will

do math calculations, h. sehold budgets, business accounts, and even

make monthly payments for u automaticallY. It will update its own



information daily by scanning a number of Information sources, perhaps

listening to its own information channel, perhaps digesting local

newspapers, sifting for information which it feels it should bring to our

attention, helping us make sense of our fast-moving world. As

mentioned, it will provide a whole new dimension of living to

quadraplegics allowing them to perform many of the routine daily tasks

essential to life, and restoring to them some measure of control over

their lives.

It will change the entire realm of communications as we know it

today. Merely thinking of someone you wish to talk with by telephone

will initiate a search by the symbionic mind to locate that person

anywhere in the world and establish direct contact. Though physical

telephones will be avoided, the two symbionic minds will be in direct

communication over the regular telephone network, and thoughts will

flow between beings in seemingly telepathic fashion; indeed' this may'be

the closest we will ever come to true telepathy.

Symbionic Synergy

It has already been suggested that the creation of symbionic

devices will greatly increase our intellectual function. But the symbionic

mind by -definition will be more than just another tool. It is likely that

the interaction between individuals and their symbionic minds will be

synergistic - each will act with the other to create a new effect greater

than the sum of their individual effects. Thus may humans and

machines. be wedded, and the offspring of their union may be a

synergistic system unlike any other. We may find ourselves dealing, in
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the future, with whole new levels of intellectual functioning. Far from

being a crutch-like device, the symbionic mind will contain sophisticated

technology with its own degree of machine intelligence designed /to

enhance human abilities, and to propel us far beyond our innate

potential.

No doubt, for some, the prospect of symbionic minds sounds at best

like something out of a science fiction magazine. It is, however, less

a question of science fiction than of science projection. It is a

projection of what can be seen evolving from the recent scientific

advances concerning the creation of artificial intelligence in computers,

and the new medical technologies which now allow us to tap directly

into the human brain. The symbionic mind will not be a truly separate

brain but will be an extension of us, of our very being. The symbionic

mind will be as much a part of us as a hand or an eye, and it will

seem to us simply our own brain doing the thinking. It will be

transparent to us. We will not be aware of any separate entity, nor of

any other change except an increased ability to perform those

intellectual tasks we have always performed, and a new capability to

accomplish those which were previoutly impossible. The new symbionic

mind will act purposefully and willfully, but always on our behalf and at

our direction. It will be our constant companion and friend, conscience

and alter-ego.

Child Development

The impact of symblonic technology on child development promises
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to be great. This will not be because we will be turning childrr into

absolute geniuses, but more likely because it will provide opportunities4

for children to display the intellect, the cleverness, and the abilities

which they already have. The symbionic mind will provide an electronic

interface to enable children to accomplish intellectual tasks of which

they are already capable but are perhaps unable to perform due to

maturational factors.

For example, for many years it has been thought that some grade

one children who are intellectually capable of reading are unable to do

so because of maturational factors. They be unallle to exert the

necessary control over their eye muscles in order to read. The

symbionic interface may enable the child to minimize the effect of

these maturational factors and free the natural mind to accomplish those

things for which it is intellectually ready. Not only would such an

eventuality foster intellectual development, allowing it to take place

when the child is intellectually ready, but it might also alleviate possible

frustration and potential behavioral problems in the classroom.

Piaget (1953; 1970) believed that cognitive development should

proceed at its own pace, and that no attempt should be made to speed

it up. Others have disagreed (J. McV. Hunt, 1961; ngelmann, 1969)

and have argued in favor of accelerating children's progress through the

developmental stages. But speeding up development significantly may in

fact prove to be impossible, or if possible, may result only in superficial

learning and not true understanding (Ginsburg ac Opper, 1969; Kamii dc

Dermon, 1972). Almy et al., (1966, p. vi) summed it up this way:
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In the realm of education... students should be allowed a
maximum of activity on their own, directed by means of
materials which permit their activities to be cognitively
useful. In .the area of logico-mathematical structures,
children have a real understanding only of that which they
invent themselves, and each time that we try to teach them ,

something too quickly, we keep them from reinventing it
themselves.

But an alternative view is that symbionic minds will tap the innate

potential of the cortex; they will unleash cognitive development perhaps

already present but masked by maturational or other factors. They may

not speed up progress through the developmental stages, but may enrich

each level qualitatively.

For example, it is well known that prenatal cortical development

proceeds incredibly rapidly. One 'estimate is that at 80 days before

birth, the brain is wiring in some 500,000 connections per minute. And

though significant deceleration of this development is evident from birth

onward, the rate at which children learn remains nothing short of

remarkable. The task of language acquisition is in itself a monumental

feat. Yet for decades, we have failed to grasp the extent and the

signficance of cognitive development during the first few years of life.

Keeping children away from school until age five is evidence of our

failure - if we do send them prior to age five we refer to it. as "day

care" as if 'little can be learned or taught during that period.

This is a serious error but an understandable one. We really don't

have a full appreciation yet of what children can do in schools before

the age of five. Some .developmental tasks have been described but the

majority of day care centres still focus around blocks and sand boxes

and activities of that sort. With some exceptions (e.g. Papert, 1980;
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Golden, 1982), the rich intellectual world of computing has been, for the

most par t, unavailable to children up to now. Neither have we

understood how to capitalize on the innate skills and abilities of children

in order to facilitate development. The trick is to find ways of

maximizing those skills and abilities which already exist in the behavioral

repertoire. It is interesting to note that many of our discOveries about

human development have attended the creation of a specific apparatus

allowing particular kinds of obser' ition. Using an apparatus similar to

that originally designed by Siqu nd and De Lucia (1969), Kalnins and

Bruner (1973) studied whether ( infants just a few weeks old could

focus pictures by sucking on .nmy nipple. Since the sucking

response is well-established in infants of this age, the apparatus

represented a clever way of "interfacing" with the infant by capitalizing

on this well-established response in the behavioral repertoire. It was

found that infants from 5-12 weeks of age were indeed able to focus

the projector in order to watch silent moving pictures. That is to say,

the infants were found to be capable of exerting some measure of

voluntary control (in which infants are usually thought to be deficient)

.to produce a required outcome.

Teaching Behavior

There is every indication that educational computing will contribute

to a change in' the way in which we learn. The current growth of

microcomputers in the schools foreshadows this trend, and symbionic_

technology will extend it. If symbionic technology changes the way we

learn, its will also change the role of the student, the role of the
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teacher, the role of the school, and the role of the individual in society

(Cartwright, 1982a). In the fdture, the kind of activity which stimulates

problem - solving activity and creativity .rather than rote-learning will
1-

become. paramount. Learning tasks which emphasize structure rather

than defail will be highlighted, and there will be a greater move towards

conceptual games and simulations. Because the nature of personal

computing encourages individual problem-solving, more and more students

will work on their own using their own computing resources to solve

problems, generate solutions, and retrieve data. An fact, microcomputers

now provide individuals with whole newpowers. For the first time, we

are able to process data externally. As McLean (1981b) has noted:

Until the early 1950's, no significant information
processes existed outside of the human skull. Even with the
development of computers since then, the only portion visible
to the non-specialist was thee printed result. The pfinted
paper output related to the information that the machine
had processed, not the processes employed by the computer
in producing it. The processes remained a mystery.

It is only recently that microelectronics developments
have made available, inexpensively, the information
processing capabilities of. computers. It is only now that the
general public can hope to become involved with the idea of
information prodesses in machines. Thus, the significance of
microcomputers is the democratization and popularization of
information processes they make possible. Now, 'through
public education's involvement with microcomputers,
non-specialists- rrray have first-hand experience with
Information manipulation processes outside of their own (or
other human beings') head.

f-t
.

This is a subtle yet important idea, and one that belia the notion that

the impact of microelectronics simply lies in greater access to

information services and larger data bankt.

The implications for classroom teachers are vast. Teachers will

become true "managers of i instruction" and "resource persons" helping
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only with specific problems, and complementing more personal forms of

instruction. We will not only change the way we teach, but what we

teach as well. Whole areas of curriculum will have to be re-evaluated

and perhaps even. replaced. We will have ask ourselves, "What facts

do we teach to pupils who are already in communication with vast data

banks? What math tables do we teach to those who can already

perform instant ,error-free calculation?' What library skills will be

needed by children who already know how to summon any document

instantly to their view? What languages do we teach to those who have

access to rapid machine translation? What letter writing skills will be

required by students who are already in instant world-wide

communication with one another?" (Cartwright, 1982a).

These developments cannot help' but change the role of schools as

we know them. For a number of years, educationl philosophers have

talked about the changes coming in schools, and of ways of deschooling

society. Now for the first time appear way's in which new technology

may make such eventualities plausible realities.

Throughout this paper, we have tried to examine current

developments in a wide variety of areas from medicine and

biotechnology, to computer science., The aim was to see if any trend

was apparent. The intention was to see if a case could be made for

the eventual merger of recent developments to create a
super-technoldgy. Indeed, the evidence suggests that it is likely that

these areas will merge at some time in the future. It is not too

difficult to forecast the types of technology that will emerge. It is

much more difficult to examine their effects on society. If we can
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begin this task now, then we are more likely to make the best possible

use of one of the richest potentials ever imagined. And maybe then

Ha ld's vision, quoted at the beginning of this paper, of future children

becoming geniuses relative to today's generation, will finally come to

pass.
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