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This thesis examines the epistemological hackground and
implications of Seymouwr Papert’s work in Mindstorms. The
Genetic Bpistemology of Jean Piaget is outlined in an effort
to clarify Papert’s philosophical position, who  makes
certain claimz about the nature of knowledge and lesrning.

A major asserticon of Papert’s holds that contemporary
social conditions are such that an averesion to mathematics
and related forms of communicating idess is commonplace. He

maintainsg that it is precisely this kind of understanding

e

that will allow individuals to participate fully and
successfully in the modern world.

Futhering this idea, he prezsents the computer and his
computer language, LOGO, as & means of counteracting the
mathematical deficiency. In doing soy Papert is att&mptiné
to provide children, (or any LOCGO userd, with what he
believes to be an appropriate means to generate a8 new
paychological perspective.

The conclusion of this thesis attempts to revesl the

=dz  and where his program is

{1

degres to which Papsrt succe

most vulnerable.
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Intyaoduction

The purpose of this  thesis iz threefold:s 1y to
illugtrate the major featurss of the genetic epistemologu of
Jean Piaget hy comparing it to othesr positions, 2) to relate
thiz to the work on artificial intelligence and children’s
learning pursued by Sewmour Papert, and 3y to illustrate
the edicational implications of this research. The
conclusions will be primarily concerned with the educational
claimz of Papert’'s theories as they relsate to the learning
ability of children snd to demonstrate the importance of
Pzpert’s work. The mein purpose of the peper will be to
attempt to reveal the specific neature of Papert’™s claims
about  learning. and to peoint out both the stvengths  and
weaknesses., At this time, when computer technology is making
its initial advance in the classrooms. it is important that
both educstors and those who form sducational policy take it
upon themselves to  carefully examine the theory, the
capacities gnd the literature concerned with these devices

before approving either their purchase or their use in the

While computers may eventually  bhecoms invaluable
classroom  teaching aidss  they are, at present, only

heginning to prove themselves useful. There are a number of
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alternatives for most classroom applications which afe
pqually or more effective and less expensive. Nevertheless
it sgems very evident thet this technology will have a major
role to play in the futuwre of our society. For this reason
alone, it is imperative that students become aware of at
leazt the rudimentary forms of these devices and their
capacities. This kind of knowledge, however, does not arise
from the zimple wse of these machines, but from their study
in a socvio-cultwral, philosophical context. Without this
type of und&rstanding on  the part of each student and
wltimately each citizen, these machines will remain, to the
vast majority, & source of power and influence out of their
controls subject to any number of misunderstandings about
their purposes and abilities. In human terms, this could
lead to profound mistakes in owr choice of direction for our
society. How should we, for example, prepare our children
fmf the future? Should computers be used to compete with
human labour. or should we direct our attention to creating
computers that supplement it?7 How can we bhest prepare
ourselves psychologically for the scocial impact of these
devices?

There is, perhaps, a certain note of urgency that is
characteristic of technologically advanced societies in
these closing decadss of the twentieth century. This sense

may be described as an  adherence to the belief in the



3

technological imperative! Advances ‘in technology directly
correspond to the continuing health and well-being of the
human race. From this premise & number of beliefs of
potentially dubious value have ariseni that solutions to
human problems will be brought about through the use of
technologyy that the future holds great promise only for
those who are technologically aware, that specialized
technical knowledge should ke the central component  in
every asound education. (1) A great deal has beesn said in
recent yesars about the necessity of introducing computers
into the classroom. Indeedy, many believe that an education
without this particular component is less than adequate. ()
While there is little doubt that thess instruments. by
virtue of their great abilities to facilitate problem
salving, to provide assistance with the immense task of
storing and retrieving informationy, and to assist in the
alleviation of much human suffering, there are many claims
made about computers which cannot be substantiated. Many of
these are made in the area of learning and learning ability
and in particular, children’s learning ability, AS
educators, we must select the most plausible, and subject
them to testing before permitting their classroom
application. Educators must esxamine these alternatives and
place them in a carefully considered perspective.

There is another dimension to the problem, however,



that deals not with the direct effects of the wholesale
acceptence of technology as the classroom mentor, or as the
omnipotent benefactor of human kind, but with the
possibility that such an acceptance might lead to  the
neglect of other issues seemingly less spectacular, but
perhaps more vital to both children and society.

The speed at which the devices of modern technology
bhecome an accepted part of the social fabric is ever
increasing. In a similar way, the power and versaltility of
these machines is also increasing. As  they become an
integral part of everyday life, traditional habits and
patterns are tailored to suit new needs. Instruments such as
the telephone, radio and television, and the automobile have
each profoundly altered our perspective of the environment
by allowing us to interact with it in previously impossible
WAYE .

I this age of scientific achievemsnt, when society is
laden with its many gifts, the most awssome of technological
creationsy the computer, stands apart, not only as a
testament to the apparently unlimited power of science, but
more importently, as a device capable of transforming entire
dimensions of human interaction. For the proponents of
computers, such transformations are envisioned as positive,
events in which computers have assumed the most tedious E

roles in the workplace and have offered the most educational



and entertaining roles in the home. For the detractors, the
computer represents & threat to the uniaue and irreplaceable
relationships created throuwgh simple human contact, and
eresents a challenge to the flewibility and creativity of
the human intellect., OFf this, the most that can be said is
that computers, under intelligent direction may have the
capacity to harness & number of hitherto evasive areas of
interest to cognitive peychologists, ressarchers in
artificial intelligence, epistemologists and others. These
argas include topics such as the nature of intelligence, the
mechanisms of the thinking process, methods of storing,
retrieving and transmitting information, and the development
of cognitive processes to name several. When used within the
wider body of society itselfy, computers are equally capable
of assisting in the extending or the curtailing of many
individual freedoms.

Ultimately, however, it is not the computer itself that
directs theée changes, but the human forces doing the
directing., It may be a truism to state that for whatever
reasonsy biological or environmental, among'the variety of
human temperments, there are two contrasting types of
individuals: There are those who will choose to adopt
innovations and use them to their advantage and thDSErwho
will choose to resist change and remain in standard patterns

of thought and behaviour. In terms of the computer, there:



are those who prefer to program the machine and design
programs  and those who would rather use preprogrammed
rackages. There are also those who will choose not to use
computers at all. Not &11 students will want to learn the
gkill of programming. Nor should they be compelled to do so.
Just as ouwr culture needs electricians and welders, so too
will it reauire those who can make computers work. In the
same way that most people drive, the future will likely find
most people using microcomputers. Not everyone is required
to repair cers, howsvers and it will not be necessary for
Ssveryone to understand the intricacies of computer
programming.

The final choice concerning the place of computer
technology in society is a social choice. As  individual
members of the society we must take it upon ourselves to

assist in making this choice and as educators, seek to

[11]

counteract the bissed viewpoints of interest groups. be they
academic or business in orientation, so that the problem can
be seen from an unbiased perspective. It may be that the
role of the school in the issue of computers and education,
is primarily one of developing in students a critical
faculty so that they are capable of evaluating the relative
worth of these machines. At present, however, the irend
appears to be to attempt to impart at least a minimum of

technical skills to all students as quickly as possible. One
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af the major problems with this approach is that the skills
the students learn verd auickly become outdeted and no

longer useful in the larger community.

i

The current perception in sociesty that it i
immediately necessary to move in this educetional direction
may find its origins not in an actuwal socisl need, bot
rather in  the board rooms of corporations with vested
interests in these kinds of products. As this percepbion
hecomss entrenched in the pubklic mind, its wveracity, as
povtraysd by advertising slogans and polished salesmen,
geems to become all the more self-evident., The other issues,
some of which relate to these machines. but some of which
are guite autonomous, becomes less vigible., In the evaluation
of this issus. sductors must seek balance and attempt o
digtinguish actual valus from contrived value.

Thisz papey will attempt to bring the claims made by
Seymour  Fapert abouwt snhancing the lesarning sbilities of
children through the use ot the computsr into this btype of
foous. Papert makes twao basic asszsumptionsg  on which
subseswent arauments are predicatedi! thalt the elszance and
heautty of geometvic design and operational compulsr programs
will in themselves be motivation enough to induce children
to continuwe programming and  that the knowledge gained

through programming a computer will be gensralizable to



other arsas of intellectual and practical concern. The major
goal of this exercise is, as ssen by Papert, not simply to
learn about mathematics or handling computers but to learn
about learning. |

While SCHNE aspects of theze theories may be
auestionable, Papert brings to ouwr attention what may be &
fundamental oversight on the part of educators. There is a
particular dimension in human learning which is generally
overlooked by ow school systems. Schools, ironically
enough, do not consciously and suystematically approach
learning as & topic. Although we have any number of subject
areasy each with its own set of skills and knowledge, the
actual ability to learn is not one of them. It is certainly
trues though, that much has been done to bring to  the
attention of the teacher the various conditions which
facilitate learning in children. Indeed, educators are
ancouraged and even reguired to attend professional
development days for the purpose of increasing their
krnowledge in these areas. But the study of learning, and of
learning to learn, are not reauired classrcom subjects.
Exactly what children do when they memorize information,
solve an unfamiliar type of problem, create a painting or
write a poem is not generally used as classroom material
and is certainly not part of any common curriculum.

Children are, therefore, not given the formal opportunity to



reflect on these processes.

Traditionally, we have understood special talents in
academicy musicals or artistic areas as genetic traits
passed on from parent to child. Papert challenges these
kinds of assumptions. He claims that learning to think, and
more specificallys, learning to think mathematically, is as
much, perhaps more, of a cultural than & biological
phenomenon., It is a fact that we can greatly enhance our
natural skills and qualities through special physical or
mental exercise. The science of cognitive psychology has
evolved to a state where mnemonic techniques for enhancing
memory could be readily passed on to students. Similarly,
the study of forhal logic at an early age might assist
students in their ability to examine verbal statements and
claims. Other systems are available which attempt to present
improved methods of problem solving o problem
identification. Still others claim to develop the ability to
think craatively or critically. Papert’s central claim is
that his computer language, LOGO, will enable children to
develop their cepacity to think. While some of these
notionsy, like many of the claims made about the computer,
may be greatly exaggerated, the central point is well-taken:
Students are not presented with a clear, developed strategy
for approaching everuday problems or situations of larger

concaern. What iz needed is a metasystem of understanding
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through which students can consciously wamine their
relationship to the envirvonment during their explorations
and interactions. I+ is not enough simply to provide

students with skills, facts and a positive self—image.



Learning to Think

Fapert views a large part. but not all, of the ability
to learn as an innate guality of human besings. He sses
this process as one that doss not initially need dirvecting
and one thet operatez as a function during tupicals daily
interaction. {(3) What is referred toc as play in children
alen provides the types of concrete experience necessary for
the construction of intellectual models of physical
relationships. Cognitive growth iz, therefore, considered to
he directly dependent upon the type of zubldect material and
the quality of snvironmental interaction.

It is at thie point that Papert diverges from the
traditional position  of Piaget. Papart suggests that
asducators  tend to over-emphasize the formality(s) of a
concaept as the major factor in determining the structure of
the =seguential order in which concepts are presumsd to be
learned. In this model, advanced by Plaget, cognitive
evolution ig understood as progressing in & linear direction
which is marked by the increasing degrees of formality in
concept acauisition, such as the conservation of fluids aor
combinatorial thinking. (9) Papert suggests that it may not
be the formality of the concept alone, but the type and
gquality of environmental atimuli that ENncourages
intellectual growth and the subssquent acquisition of

11
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cancepts. The absence of a concept or of a class of concepts
in the intellectusl stock of an individual is presented,
from this rperspective, asz either a lack of exposure to
relevant environmental cues, or to the prevention of the use
of those cues afhler exposure. This viewpoint is also used to
offer the possibility of enhancing the process of concept
acquisition, thereby setting new standards for rates of
develapment. The sducational model of Papert seeks to supply
thoss elements he believes are lacking or insdequate in
contemporary elementary schools. Its purpose is o ensure
that the child’s learning environment is enriched to a point
where pleasure is  taken in seeking out the conceptual
gxplanation  for concoretbe, rhysical phenomena. He also
believes that prior to the advent of the computer, such an
gnvironment was not possible. His recommendation iz that in
order to support children’s learning, one sush support their
attempts to build their ouwn intellectusl structures. (&)
While the process by which this is accomplished is believed
to be natural and innate. it can also bs encouraged.

Papert offers one method of improving the schoolroom
environment. He expressss the position that the optimum
vrelationship betwsen the childs, his learning ability and his
environment iz one in which mesning is derived through
practical and physical interaction. In expressing this ideas

he uses the terms "ego-suntonic® (7)) and "body-suntonic" (8)
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important elements in the child’s ability to grasp an
abztract concept. The physical body is actually used to
suyntonically understand the relationship betusen tha
intellectual conceptualization ofs for edampls, a geomebric
figurs, and the physical representation of that mental
image. (F)

It is these typez of invalvement that are freguently
absent in the primary, {(and highesr), grades. Childrens so
the argument holds, learn most efficiently if they are
allowed to relate to the problem in & holistic sense, using
physical and perhaps emotional as well as strictly cognitive

1

1]

abilitiss. Fhysical participation thus becomes a vit
component in the lsarning process. Understanding at a purely
intellectual level can only ocouwr after the child has had
sufficient phuysical experisnce, Syntonic knowledge of
objects in time and space migt be developed at the concrete
level befors the child cen reduces that esperience to the

level of generalization and then use it to construct &

purely abstract categoru. Abzstraction is an ability

i

iated with & higher level of cognitive awsrvensss, and

i
if
i

[}

ite cultivation must precede its appesrance. Understanding

o
!1‘

at the concrete level must preceds abstracht understanding
and the interrelationship between the two appears to hbe
unidirectional. This relationship may bs expresssd as logos

via praxis  to indicate that the higher levels of
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intellectual evaolution, such as the capacities of
abstraction and generalization, ococur only  through  the
child’s activity and physical involvement with hig
environment.

4 second dimension of Papert’s educational philosophy
is his belief that ths search for "the aesthetically
pleasing” is a necesssry component in the apprecistion and
wunderstanding of msthematics. (18) Mathematics: he claims
after Henri Foincarg (11), is not reducible to & knowledge
onf logic alone. Essentially, the aesthetic component is as
important a5 the laogical dimension to mathematical
understanding.

Papert sseks to create an environment wherein children
have the opportunity to reflect upon their own thinking
processes therveby inducing intellsctusl growth. In an effort
to accomplish thiz, he developed a medium. LOGO, which is a
computer language through which children can manifest their
conceptualizations. Logo provides the necessary tools for
children to bridge the histus betweesn mentzx]l  images and
physical wveality., The tasks the childre cannot  do for
themselves because of psychomotor limitastions, such as the
inability to use scale, manipulate drafting tools, rulers or
peEncils,  the camp@ter itzelf can theoretically accomplish
under their direction. The mental processs involved in making

the computer image a more accurate representation of the
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child’s own conceptualization then could be accomplished
with the ordinary classroom tools is the process by which
the child learns. This type of programming activity will
itgself, it is bheliesved, encourage and foster intellectual
expansion. The relationship between the child, hiz learning
and the environment may be expressed as one of interaction
and esploration. The child is not only involved in appluing
his knowledge of LOGO to creste a computer programy but is
also analysing the results of his endsavours, and evaluating
them in terms of possibilities for  improvements. The child
isy then, operating along the full range of Ploom’s taxonomy
of cognitive processes; knowledge, comprehension and
application are considered when the child begins the
proagrams, #nd analysis, synthesis and evaluation are achisved
when  the child esxzamines the progream for flaws. (12) The
result of siih endesavour iz apparently not  only ti

coelerats  the development of understanding of certain

%

formal concepts, but also to provide the child with the
opportunity to reflect upon the thinking process and to
develop a metasysten of understanding thvough which problems
ars clarified in terms of available and necessary knowledge.
Py formulating pruhléms. by using available knowledge and by
sesking out new information and procedures to solve these
problems and by evaluating the degree of success  in

achigving these goals, the child can be said to be involved
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in a system of heuristic learning. Papert claims that this
approach to learning can provide the child with a powerful
tool~ & metasystem of understanding- for interaction with
the surrounding envicronment.

In such an environment, the concept of body-syntonics
can be realized. If the child is using a computerized
device, such as a Turtle (13), to draw the geometric designs
and patterns already conceptualized, the body can be used to
enact the general direction the turtle will be commanded to
move., A parallel for the child Programmer using
body—-syntonics to understand and anticipate the turtle’s
movements can be found in the TV watcher who participates
vicariously in a hockesy g9ame or boxing match. The viewer
"knows" which type of shobt to use or which punch to throw,
and demonstrates this bknowledge bg tensing certain muscles
at appropriate timss., It is at this level of involvement,
Papert suggests, that children can  best comprehend  the
instruction set they use to command the Turtls.

vz to be much the zsame as it

3

Fnowledas for Papsrt appe
is for Piagst. It iz not merely a lesrned responsse. nor is
it an innste understanding and pattern of response to the
wor 1 d. Thies acauisition of knowledge, for these
gpistemologists, Oresupposes an exchange between the
individual and his surroundings. The information that is

retained is constantly subject to refining and is uwused to



17

canstruct intellectual structures of & move complexr naturs,
Piaget refers to his theory of Eknowledge as  "genetic

epistemology”.



Genstic Epistemnclogy

The necessary task, for philosophical purposes. is to
gxamine the "genetic epistemology" of Piaget, and its
contemporary  sxtensions and applications in the work of
Papert with the intention of addressing the problem of
whether Papert’s schemse offers a tenable solution to the
problem of providing children with an opportunity to develop
their ouwn cognitive processes. It is  perhaps  throogh an
investigation of knowledge itzelf that s=some answsrs to
qu&stiaﬁg of learning and thinking can develop. The
stibseguent dicscussion, then, will outline the epistemologies
of instinctivism, behaviocurism and apriocorism, in order to
mlarify the position of Piaget through its delimitation.

According to Piaget, intellectusl understanding occours
through the conscious edercise of cognitive structures which
themselves must be exercised in order to expand. It may be
apprapriate to think of the development of the intellect as
a type of cognitive evolution. Development implies, to some
extent, a linear ssquence of growth, whereas evolution has
the connotation of a guantitative leap from one level of
cognition to another. The latter term accurately reflects
the position of Piaget and Papert with respect to the
description of intellectual growth. It is in an evolutionary

manneyr that the mechanisms of the instinct are replaced by

18
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those of autoregulation.

Fundamental *to a sufficent understanding of Piagetian
epistemology is & recognition of the belief that
intesllectual evolution is sequential, with each level of
cognition fully dependent on previous stages. Understanding
is believed +to be predicated on  the generation of
lagico~-mathematical relationships which, in so far as they
are flexible and dependent for their genesis uwpon the
interaction of the individual and the environment, are the
ontological center of the ability to understand. (14) These
mathematical relationships, he concedes, may even find their
source in HKantian-like & priori categories which exist
outside the environmental sphere of influence.{15) These
categories are not, however, fully developed and require
construction. The notion of preformation in the genesiz of
the logico-mathematical structure, ~which essentially
operates in an organizing and regulatory function, is in
this waw assigned at least somes value. (16) The point is,
though, that knowledge is generated through systematic
investigation and iz neither encountered nor brought forwared
from within.

Piaget. then, with his emphasis on subject/object
interaction and subject/environment exchange has adopted an
amalgamatory and perhaps ameliorative position between the

rigorous strictures of both instinctivism and behaviourism.
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Fnowledge, for him, is intellectual conclusion.

The behaviourist’s view of human (and animal) behaviour
differs radically, in so far as it regards action as a
respOnNse, rather than AS an investigation directed
internally. In its most elementary forms, behaviowr is
relegated to 2 stimulus/response type of exchange, between
the subject and his surroundings. Knowledge is simply
assigned the value of learned patterns of behaviour, stored
and retrieved under appropriate environmental conditions. It
iz acauired through trial and error methods of interacting
with the suwrrounding world.

The rival theoriste of this position are the
instinctivists, who, to varying degrees, take the opposing
stance, and regard all actions as responszs to genetically
acauired prompts. The intellect merely covers the actual
determinantes of behaviowr and does not significantly
influencey in an absolute senses the motivation for the
particular tupe of action to be taken., The common  bond
hetween +the two views lies in  the belief that human
behaviour iz ultimately predetermined and that intellectual
FESPONSE to  environmental situations i not derived
autonomously but owes part, if not all, of its conclusions
to extranenus factors. (17)

arnother view of human behaviouw comes by wasy of the

chilosopher, Immanuel Kant,; who proposed the existence of a
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moral imperative, uwhich exists as ‘a category of the human
psychey and which supplies direction to questions concerning
behaviour. Unlike the behaviourists, who see human response
to be primarily motivated by pragmatic concerns, Kant saw
thig universal moral principle, referred to as the
"Categorical Imperative", as a means of suppluying a method
whereby an individual could find an answer to a moral
question. The answer would be one that was intrinsically
goody and, because of the nature of the Imperative,
necessary in itself without condition. PBehaviour would be
modelled after this answer.{(18) It is important to note,
howevers that the "will" as an indspendent agent, was not
sean as being compelled to carry out the action presented by
the Imperative.

Ezzentially, the concept of the Categorical Imperative
is presented as a universal principle sgainst which all
maxims which attempt to direct behaviowr can be measured.
According to Coplestone, the Imperative is not intendesd to
act in the same way as a premise for purposes of deductive
reagoning. Rather it is held as & universal 5tandard which
can be consulted by all. There are several formulations of
the Imperative, each of which is intended to tring its
meaning closer to understanding throuwgh owur intuition and
aur  feelings. The first and second descriptions are

discussed in the following ways
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1) Act only on that maxim through which you can
at the =zame time will that it should become a
universal lauw. and

) Act as if the maxim of your action were to
hecome through your will a Univer=zal Law of
Nature. {18

In this way,s Hant constructs a category which functions
entirely as a device to direct behaviour. Thiz structure
existes as an attribute of rational being and is therefore
prior to and outside the JjJurisdiction of experience.

The ethologist qua instinctivists, Konrad Lorenzs
dismisses Kant’s argument in the following way:

It is hard to believe that a man will refrain
fraom a certain action which natural inclination urges
him to perform only because he has realized that it
involves a logical contradiction...In reality, even
the fullest rational insight into the conseauences of
an action and into the logical consistency of its
premise would not result in an imperative or in a
prohibition, were it not for some emotional, in other
words, instinctive, souwrce of energu supplying
motivation. {19}

flenetic impulse provides the motivating force behind
hehavioury for Lorenz, who maintains that the intellect is
itzelf directed by instinctive forces beyond its control.

In this belisf, he haz a powerful a&lly in Sigmund
Freud, and the psychoanalytic tradition. Freud provides
axtensive commentsry on what he believes to be the specific
nature of those underlying, instinctive "urges". As

motivators these urges are vital and dunamic forces,s which,

when left in the natural state, direct human behaviour



25

toward the more base of human actions. When these urges are
controlled, howevery and sublimated, the result is the
ahility to creste and achieve. In fact, Freud attributes all
advances in civilization to successes in the process of
sublimation of primary instinctual drives. Of this he says,
We believe that civilization has been built up,
under the pressure of the struggle for existence, by
sarrifices of the gratification of the primitive
impulses, and that it is +to a great extent for ever
being re—createdy, as each individual, successively
Joining the community., repeats the sacrifice of his
instinctive pleasuress for the common good. {260}

For Freud; success in diverting these impulses is at
bezt a tenuous issuse, always subject to regression. Faillure
of the individual in this ares results in an atavism or in a
peychiatric illness. Like Lorenzy he finds the source of
human motivation deep in the primordial unconsciouz of our
psuches whether or not the action itself reflects the intent
af the instinct.

The bﬁhaviouriéts, after R.F. Skinner, affer an
alternative. In this view behaviour i prompted by
snvironmental cues, If the beshaviour i  in SOMe Wway
rewarded, it will be repeated in appropriate situations. o©f
this, Skinner sayscs,

A scientific analusis of behaviowr dispossesses
autonomous man and turns the control he hbas been
said to exert over to the environment. The individual
may sesem particularly vulnerahble. He iz henceforth to

be controlled by the world around him., and in & large
part by other men...Man himself may be controlled by
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the environment, but it is an envirvonment which is
almost whally of his own making. (21)

Skinner has people behaving not throwgh response to
instinctual drives, not according to a moral imperative and
not in response to reasoned judgement but in order to attain
reward for demonstrating the correct pattern of behaviour.
It has been suggested by the psychoanalyst, Eric Fromm, that
Skinner’s analysis of the human condition reflects an
orientation to the experience of the middle class. He
writes:

In the last analusis, nechehaviourism is based
on the auintessence of the bourgecis experienced! the
primacy of egotism and self-interest over all othsr
human passions, (222

The biclogical model of Piaget appears to be, in part,
an attempt to synthesize bthe important elements of each of
the foregoing theories. Instincts are seen as general
directions of behaviour operative bﬁfora.the intellect is
capable of assuming control over behaviouwr and providing
more appropriate responses. He suggests that there may be a
griori categories of the minds but that these have to be
developed and supplied with information to operate. These do
not exist as a priori. preformed, avtonomous units and need
a component of interaction with fthe environment to be
complete. Finallyy the subject must interaét with the

environment fto gain information necessary to construct a
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viable mental system of logical analysis. His theory,
however, appears to be centered primarily  around the
ontological belief that the world, and everything in it, can
be expressed in mathematical terms. It is this belief that
supplies him with the system necessary to construct a

hierarchical sustem of cognitive evolution.



Number and the Horld

The world, for Piaget, is regulated, ordered, and is
ultimately supressible in mathematical terms. OFf this he

tates?

Ht

Hows, in fact, are we to explain the harmony that
axists between mathematics and the real world?...It
must be emphasized &t once that the entire world of
reality can he expressed in mathematical terms. There
iz no known physical phenomenon which has defied
grpression in mathematical form... (23}

& digtinction must be made here betueen sypressing
reality in mathematical form and the ability o reduce
reality +to mathemsatical form. The former is description
while the latter implies some action on the world itself.
The Pythagoresnsy Tor example, viewed the world and the
uriverse as consisting of number. The first principle of the
COSmMOS, arcovrding to their doctrine, was number. (24)

Copleston says of their beliefd

o s the Pythagovreans spoke of the cosmic harmony.
Put:. not content with strezsing the important part
played by numbers in the universs, they went further
and declared that things are numbers, (25)
Piaget, not as radical in hiz commitment to number as

the Puthagoreasnssy saw number simply a8 a means to describs

the real world. Number is one medium  through which the

26
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intellect can grasp, comprehend and manipulate imagez it
receives from the world. In thie particular aspecty, Piaget
iz more closely aligned with Platonic theory, which holds
that behind all material afpearances, a pure form or ides
gxiste. The idea is the prototype of the earthly entity.
These forms are the substance of all thet is real. It is
through number, Piaget continues, that the mind can best

rasp the notion of form. Numbers, houwever, are clearly

i

distinct from phuysical entities. {(Z4) Forms can assume other
than numerical shape. Moral forms are one such example.
While certain concepts cen be most efficiently understood by
epproaching them through numerical and logical gnalysis, not
&ll ideas are conducive to such typss of descriptions.

While Piaget endorses a natural realist’s {27)
ontology, he agrees that number permits, through enabling a
legical. mathematicsl approach to interpreting the worlds an
intellectual, rational understanding of the world.

Althoual Pisget does not doubt either the reality of
sensual perception or the qualities of the objects of
perception themselves, he maintains that perceptions alone
will not generate new knowledge or contribute to  the
evolution of the 1agico~mathematical stucture itself. It is
only through some form of activity whichy he maintains, by
its nature involves all dimensions of human capacity, that

cognitive evolution can  occur. Perception portrays its
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object not as an isolated entity, pure and abstract, but in
relation to the subject’s possible futurs action.
Perception, then, is viewed not as a phenomenon isolated
from acts of intellect and will, but as one dimension of &
unity, divisible from intention, direction and action only
theoretically. Perceptions, as functions in themselves,
imply actions, and are predicated on the existence of
actions., (28)

In the initial stages of the psychogenesis ((29) of
knowledge, the subject, necessarily a child, relates
primarily to events ococuring at the moment. With increased
bnowledgss acauired through practical action and superiment,
the events thamselves become categorized and reduced to
abstract ideas and placed in the logical framework to be
used as components of that structure., At this pointy the
child has  begun to "interiorize" (3@ sMperience  and
therefore becomes further removed from the necessity of
concrete edperience. The cognitive structure that has
developed does not merely house imsges of the real world.
Rather, the images have besn stripped of their concrete form

and reduced to elementary components. The psuyche now has an

intellectual component. which, as a sustem of abstract

[

relationships, adds the new dimensions of possible and
probabhle results of behaviours. (31}

The foregoing description af the acquisition of



knowledge offers an insight into the lineary sequential
nature of Piazget’'s genetic spistemology. Due to the nature
of bioleogical PrOCesses, the elements of perception,
interpretation, intention and response are intertwined and
mutually dependent. For this reason activity itself and
neither perception, analysis or habitual response, is
considered the fundamental point of contact between the
subject and the environment,

Comprehension, then, during the initial stages of
intellectual advance, as in the case of children, is not
possible according to Piaget, without physical interaction
with the envivonment. It is specifically this type of body
contact with the surrounding world that permits the
individual to acquire the fundamental mathematical knowledge
necessary to  construct  the various components of the
logico-mathematical structure.

The individusl using thig structure has the capacity
foar self-analysis and sl f-modification. (32 Newly
internalized krnowledge is placed in relation to something.
It is not merely stored waiting to be retrisved after an
environmental stimulus but is an  active part of the
cognitive structuwre ‘mhich iz continually processing new
information. Without such & structure, intellectual
tnowledge could not exist., As a human construction, the

logico-mathematical framework serves a basic purposed it
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gxtends the human range of action and sphere of influence
in the world. (33

If intellectusl growth does in fact occur in the manner
suggested by the model, it iz incumbent upon the educator to
provide appropriate envirconmental conditions for suyntonic
understanding to occur in the class. Traditional educational
policy may deny this opportunity. Classroom orientation may
be primarily directed toward propositional rather than
procedural knowledge. According to Piaget, the ability to
use propositions to acauire understanding af the
logico-mathematical structure ococuwrs only in the latter
stages of intellectual development. The learning which does
ooccur without a history of praxis in the stages of growth
priov to formalized thinking must then be premature and
necessarily flawed and incomplete. An example of  this kind
of learning is learning by rote. For the information in
memary to assume meaning, it must be placed in context and
for a child at the concrete operational level of cognition,
this can only happen, according to the theorwy, through
phusical involvemsnt. It should also be mentioned that it is
believed that while some items must be committed to memory,
not all problems can be splved through simple recall of
fact, Environments without opportunities for physical and
emotional involvement have the potential to slow, perhaps

arrest completely, certain dimensions of future intellectual
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growth. (34)

I+ may be that the existential condition of the
individual currently considered normal in the classroom is
in reality one of stunted growth. Further, this situation
may be inherently prone to resisting remedy. Each of the
blocks of the logico-mathematical structure operates in
cooperation with the others to provide a foundation for the
assimilation (35 of new knowledge, thereby enlarging the
entire framework, and enhancing the individual’s ability to
interact with his surroundings. If some of the initial
blocks of the structure are absent or flawed, reflective
thinking may not reveal either new component blocks or the
source of the inability to perceive new correlations,

Fiaget refers to these two types of procedural
knowledge- the ability to reflect on one’s own thinking
process and the ability to perceive new relationships—- as
interiorization and exteriorization. £3&} The ability to use
these together presumably permits the analysis and
redirection of actions that were enviromnmentally
unsuccessful, on the basis of past sxperience. The problem
iz to discover if this reflective capacity can be modified,
and if mo, how and at which points., Piagel suggests certain
appradimate ages for the development of fundamental
cognitive structures. This means that there are age barriers

which esszaentially Fredetermineg the cognitive growing



ProCess.
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The Aszimilation of Social Knowledgs

In the Piagetian schemes the growth of the intellect
seems toc be made possible by the movement in & pozitive
direction resulting from the tension in the individual
betwesn instinct and the will to self-determination. The
tension is a result of the individual’s recognition that
survival demands an extension of instinctual abilities, and
this extension takes the form of environmental control and
understanding. Essentially, the subhiect is impelled to shed
the ingtingctual harness by replacing those types of
responses  with development of the logico-mathematical
structure. This initially serves primary interests such as
the ne=d for food and protectiony, but later it serves
cognitive nesds as well. (37

There are two processes by which the individual becomes
involved in environment gextending functions. The first is
plag. Pleay does not have & particular mobtive. The child at
lay is not trying to discover something special but is
gimply  involved in an exploratory process. This kind of
activity is common not only to humans, but also to other
mammals, It finds its origins not solely on an instinctive
plang, but on a gengral level which includes &ll possible
types of activities. (382}

The second process through which we learn how to learn

33



is duving noan—-playgful eHErCl B, These behaviouwrs have
specific purposes and result in the scguisition of specific

understandings. (3%}

fi

In the final analysis, 1t appeasars that these specific
seauigtions~ the items of knowledge themselves- will depend

LApon ernvironmentally availables rezources. In the cass of

and some animals. (4@ this will include the

transmi ion of knowledgs. Certain cognitive relationships.

Fhen, will be formed as & rvesult of the nature of the

clety and throuagh the particular envivronmental

civoumstance, Converselyy obher intellectual acauizitions
will ke denied. The individual iz capable of autonomyg.
Piaget implies, only in relation to instinctive behaviour.
The humsn being must move beyond the instinchtive response to
sitrvives  and  is  therefore rveliant upon the individual
gvialution of the cogrnitive function. This can oococur only in
velation to the manifestation of the collective will of
society. It cannolt happen oubtside the social order and in

et

111
i

this senses owr destinies are viewed as being at le
partly determined. And so Piliaget states:

"The great man who at any time seems Lo be launching
soms new  lins of thowght is simply the point of
intersection or synthesis of idess which have been
alaborated by a continual process of coopsration,
ands even if he is opposed to currvent opinions, hes
represents & response to underlying nesds which arise
outside himself."(41)

It is &8s the epicenter of attention that the "graat
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man"  fulfills on & macroscale that which the individual
achieves on the personal level. In each case, the role is
necessary and dictated by biological compulsion rather than
individual choice. In the latter case, the individual
synthesizes localized information 80 that a more
comprehensive degree of environmental participation is
possible. The “"great man" accomplishes a similar purpose for
the society as a whole.

Piaget continues by expressing the idea that both
individual and social evolution occur as a result of the
continual processing of information. While this particular
claim is not difficult to accept, he enlarges upon it and
gnters into an area somewhalt more controversial. There is
nots he says, a fundamental difference between the systems
of logic in an iﬁdividual and in the society. ((42) These
systems are "open” and involve perceptual and cognitive
operations which throuwgh time provide alternatives to the
logic and understandings derived from the hereditary
mechaniems. {43) The society, like the individual, is viewsd
as & biological entity, subject to the same natural laws. It
followsy theny that the degree to which the =society can
evolve is determined by the degrees of freedom from the
instinct the citizens possess.

The movement away from genetically determined responses

and into social interaction is refered to as the adoption of
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intagrindividual capabilities. Piaget sees this movement as
paramount to the development of intelligence. (44)

Fiaget’s thesory of the evolution of the intellect is
one of progress toward order, efficiency and the autonomy of
the psyche. The individual iz viewed as engaged in
activities which increase the ability to reason logically.
This =kill is placed at the forefront of human capacity.
There are stages of cognitive development, which, while
influenced by the‘ surrounding wor ld, are Wltimately
determined by biological development. There are gensral age
categories which roughly correspond to  these biclogical
stages (45) and specific psychological abilities which
accompany each level. It is here that the ramifications of
this theory for educational policy and curriculum become
gvident. If these categories are net immutable, as Papert
suggests, and if their development can be hastened, then
the standards that have been set may need altering. It may
be that there are more appropriate structwres on which to

a curriculum. What we have accepted as  "normal

Lo or
o o
il i
1] i

1lactual growth" may simply be & reflection of adult or
social  expechtations  rather than an  indication of true
potential.

suestions concerning the ability to reflect upon the
actual mechanics of thinking and problem soclving as a

stimulant to the genesis of knowledge have besen raiseds no
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doubt inadvertently, ancillary to a rigourocus belief in
biclogical  structures which rule the level of cognitive
ability. It is through the environment that Papert hopes to
praovide the cueing system necessary for children to enhance
their own cognitive evolution.

The current social condition in  North America,
according to Paperty is one in which there is a pronounced
fissure betuween the Humanities and the Seiences. The
scientigt C.P. Snow has characterized this rift in terms
af a dichotomy. The polarized positions of the two groups is
responsible for the prevention of the flow of idess and
information between strictly observed boundaries. (464)

The obsession by both parties, to demark and protect
certain tervitory, has had the effect of creating a belief
in two spscifically different types of thinking processes
which can be characterised in & very general way as the
difference between the rigors of strict scientific analusis
on the one hand and the intuwitive, holistic approach to
problems on the other. Papert suggests that while a
hiological root for individual preference in thinking stuyle
cannot be ruled out, a more likely cause is the social
transmission of attitudas toward the two categories, by
parents to children. In this view the child’s options, if
they are indeed restricted by this bipolar scheme, are not

limited by hbhiological determinants alone, but also by the
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cultural constraints of the immediate environment. As a
salution to the problem of the child who has been culturally
induced to endorse an unfavouwrable view of the scientific
methods and hence mathematical and logical reasoning, Papert
suggests ftreating the study of number az the study of
language in &N effort to make number & "natural
language" . (47) The implication is that becauss the concept
of numbsr is fundamental to human understanding, it is
ultimately the most hasic of langusges. Utilizing this
knowledge in the educational framework is the task Papert
has assigned himself. While Piaget attempted to observe and
to record the formation of hasic intellectusl structures,
Papert has decided to intervene in this process, and has
attempted to improve the process by making numbery, and the
organization of number, visible, accessible and usable. It
iz through the application of this process in educational
systems, he helieves, that the rift between the scientific
and humanistic communities will be healed and cognitive
development will be enhanced.

In the appropriate envirvonment, Papert maintains,
cognitive develapment can proceed more rapidly than Piaget’s
theory would allow. If this is indeed the case, what
educators have been regarding as "normal® intellectual
development, because it corresponds with their understanding

of the Piagetian time =scheme, may in fact be retarded. While
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Fiaget’s conception of "biological time barrisrs" to the
evolution of the intellect may be fundamentally correct,
Papert’s work may indicate that the barriers are not nearly
g0 rigid as has been assumed. The suggestion is that
clagsroom environments created on certain premises should
not remain immutable aﬁd unquestioned but open and subject
to periodical re-examination. In this way, the process by
which children develop their powers of cognition will be
less likely to be viewed from a deterministic stance and

more probably from an environmental position.



Intelligence— Piological, Artificial and Machineg

Pefore embarking on a discussion of Papert’s theories
af cognitive development, it is appropriate to examine the
area of ressarch through which he arrived at a number of his
conclusions- the study of artificial intelligence. While
Piaget was a biologist and psuchologist as well as  an
epistemclogist, Papert is a mathematican and researcher in
the field of artificial intelligence. It iz through these
sciences that he investigates the problems of human knowing.
Having been associated with Piaget for many yesrs, he has
the additional advantage of having been exposed o a
biologicel perspective  on the problems of cognitive
development, thus adding credence to his speculations about
the problems of knowing and learning. Papert combines
expertiszse in mathematice and his experience with children to
bring to the sttention of educetors and chzervers & number
of conclusions thet., if verified, may have the capacity to
alter our perspectives concerning certain aspects  of
learning and teaching., These conclusions are grounded in

theorie agbout the nature of human intelligence and the

it
i 1

ability and motivation to learn.
The trtechniaue of designing computer programs which
enahle machines to respond to envieconmental cues in ways

dictated by the human mind necessitates an interdisciplinary
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aprroach. While the programming aspect itself is
specifically associated with the computer sciences, many of
the ideas and formatting for these programs are & result of
work accomplished in the fields of logicy cybernetics,
cognitive psychology and epistemology. The coreation of
computers made possible the linking of ideas contained in
these subjects, which added & material dimension to an
otherwise purely speculative topic. Through the computer,
ideas concerning the nature of the learning process can be
tested, albeit imperfeétly, and refined.

One of the requirements for using computers for. a
particular task, is to define the role it will be expected
to play. This iz equally trug for educational uses as it is
for scientific or managerial tasks., In the first instance,
the limitations of the machine must be noted. At present the
"brain" or central processing unit of & computer cannot be
equated, in any adeauate manner, with the human mind. While
this machine esxscels, for example, at tasks reauiring
mathematical accuracy and speed, perfect memory, and
repetitive processesy and while it cen possess an extremely
largse memords any part of which is accessible virtually
instantanecusly, it "thinks" in a linesar manner and it
cannot diverge from this pattern. Thus, while the human mind
is =low by comparison, it has alternative thinking patterns

at its command, and it can make intuitive and associative

i e
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leaps denied to a computer. There ares then, differences in
the thinking structures of men and computers, and,
correszgpondingly, differences in task suitiblity. The
essential purpose of study in the field of Artificial
Intelligence is ta better understand these differences and
to clearly delineate the nature of mentation, in all its
configurations.

It is important to remember that while both the human
mind and the computer can perform similar, even identical
tasks, and that both systems may even be capable of
aperation on the same tupes of logical structuress there are
points at which each system will either fall dramatically
short of task suitability or not function at all. This fact
has certain implications which are illustrated in the
following auotationd

The difference in "thinking® talent- the computer
being good for wltratast sSequential logic and the human
being capable of slow but highly parallel and associative
thinking- is the basis for cooperation between man and
maching. It is because the capabilities of man and machine
are so different that the computer has such potential. It is
important to use the machines for Jobs that humans could not
do. However it is equally important that system designers
and those managers and other persons who think about
computer usage do not try to make the computer compete with
man in areas in which man is superior. There has been an
unfortunate tendency to date on the part of the popular
Eress and by many PErSonNs in management to overly
anthropomorphize the computer and its capabilities. (48)

This last comment leads to an important consideration

largsly ignored by those in the discipline. Artificial
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intelligence is a term which refers to studies which attempt
to simulate human cognition. In a sense, Al is something of
a misnomer. A more appropriate  term might be machine
intelligence. The function of Al programs is primarily to
provide machines with the capability of responding to
directions or of responding correctly to sensory data. The
appropriateness of the word "artificial" is dubious because
it implies that it has been modelled after some other form
of intelligence. The assumption is made that the model is
the human being. This is not necessarily the case. Human
intelligence, for vample, dis biological, and .daas not
reauire the same environmental conditions as the computer.
Furthermore, machine intelligence does not have the advanced
capabilities, at present, of seslf-development, as does the
human mind, as part of its intrinsic character. The closest
approximation of an Al program to those qualities is one
that has the capacity to learn from its own mistakes. Such
programs interprelt unfavourable world responses to their own
conclusions as resulting from ervor in their own internal
programming  and  subject the same  data, including the
mistake, to further scruting under different parameters.
While this prmcéss appears to be similar to the logical
workings of the human mind, it depends again on paramsters
previously defined by & human being. Thus the intention of

the device, AS determined by world conditions and



predetermined reactions to those conditions, is not &
function of its own being, but of the human programmer who
designed the Al program.

Pehaviourism questions the ability of the individual to
transcend the programming that results from the surrounding
gnvironment. For the behaviourist, the human mind is
configured in a similar way to that of a computer— the
output iz directly dependent upon the input, and, the output
can be predetermined, to a large extent, by the type and
aquality of the input., Pehaviowrist theory, however, is only
one branch of psuchology. It attempts to reduce the workings
pf the human mind to & simple, mechanistic formula. Such a
formula i very convenient to implement when dealing with
the extremely complex mechanisms of the mind, which at best
are only remotely accessible. With behaviourist theory, it
hecomes possible to bypass the discussion on the exploration
of the actual workings of the mind, and therefore miss the
ppportunity  to  discover the veracity of behaviourist
learning theory. Py transforming the brain into a mysterious
black boxs and by regarding only input and output, it
becomes a relatively simple matter to deny the existence of
free will and individual choice. In doing so, the capacity
of the human being can he reduced *to that of a programmable
machine. When viewed in this light, the nature of

intelligence has a very different meaning from & perspective
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that recognizes free will, and the power of rational thought
in the decision—-making process rather than erternal
motivation as the fundamenal characteristic of the behaviour
of human beings.

As well as philosophical considerations concerning the
nature of intelligence, the actual machinery- the computer
iteelf~ has not yet reached a level of sophistication which
even remotely parallels the mechanics of the human brain. It
iss at present, technologically impossible for a computer to
think like a human. Thus, limitations on artificial
intelligence programs are imposed by the architecture of the
computer itself. Since the machine is not constructed and
doss not function in the same way as the train, the types of
intelligences can only appear to be similar. It is possible,
even likely, that for some types of problems, arithmetic
processes for example, both man and machine use identical
approaches, although in this case, the speed of the machine
far exceeds that of the individual. For othter types of
thinking howevery that require associative or speculative
thought, the computer cannot operate with any measurable
degree of successz. The substance of even the most comples of
Al programs is simply a series of preprogrammed yes/no, {(or
high/low. onsoff) responses to events ococuring in the world.
When coupled with & device or machine of some type, the Al

program is intended to function something like a brain. It
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has facilities for interpreting sensory data., (although this
type of deta maw deal with information far different than
data received by human senses), for interpreting the data
and formulating conclusions, for storings retrieving and
transmitting information, and for implementing the
conclusions generated by processing the information.

Esgentially, investigation into Al or M1, is the study
of methods of coreating programs which can be used by
machines in lieu of intelligence to enable practical
environmental interaction. It is the nature of the
investigation into the mechanisms of machine intelligence to
compare facts that are discovered and conclusions that are
developed to known dimensions and capacities of the human
mind. To date, it has been ideas on the functioning of the
human being which have  set the standards for the
construction of artificial intelligence programs which run
machines. And this is likely the souwrce of the confusion.
Perhape standerds should be measured in terms of the known
capacities of the machine itself, rather than from the
unknown and elusive qgualities of the human mind. In this
ways the design of the machine’s intelligence can be
configured to fit the exact purpose of the machine. A morve
accurate picture of the function of this type of research
can then be cultivated.

From the foregoing discussion, it seems that it is more
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reasonable to think of intelligence as operating along a
spectrum. Rather than attempting to restrict the definition
af intelligence or intelligent behaviouwr to  processes
typical of human beings, it seems more sensible to think of
it in broader terms. It should perhaps be defined according
tao its degree rather than in categorical terms. Along the
intelligence spectrum, then, intelligence can be viewed as
increasing in association with the relative level of
evolution. The evolutionary level itself can be measured
according to the degree of complexity of the organism. AL
the lowsr end of the evolutionary band, intelligence can be
described as the function that permits unicellular
arganisms, such as the amoeba, to operate their several
internal components, such as the nucleus, the food vacuole,
and the membranes and to respond to envirommental changes,
zuch as pressurey, light, salinity and temperature. At the
higher levels of the band, it is noted that greater degrees
of intelligence are required to ensure the survival of the
Organism. Intelligence in these cases, must not only
regitlate the operation of cellular components but also must
regulate and coordinate the workings of entire organs, which
themselves are a composite of a multitude of different types
of cells. When viewed in this way, intelligence can be seen
as the function that coordinates internal functions and

directs external behaviour. The degree of intelligence may
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be evaluated by the number and complexity of operations that
come under its control.

Another important factor to consider is the degree of
freedom from unconscious regulation the organism possesses.
While intelligence need not necessarily be thought of as
strictly a conscious activituy, it appears to be that
consciousness and self-consciousness are directly related to
the higher levels of bioleogical evolution., At these levels,
the organisms concerned- the various types of porpoises,
dolphins, whales, monkeys, apes, elephants and human bsings-
are considered to  have an wtremely  high degree of
intelligence and freedom from strictly unconscious patterns
of behavicor. In this sense, intelligence is equated with the
amount of self-control over behaviowr.

The three factors considered when measuring
intelligence~ the number of operations it controls, the
complexity of these opervations, and the degree of freedom to
over-rule or counteract implanted response- are all, to some
extent, characteristics of the more advanced computer
programs designed to operate machines. For this reasone it
dogs not seem appropriate, when using these kinds of
measuremsnt criteria, to restrict discussions of
intelligence to biological organisms. Computer controlled
devices mau also be said to #hibit somé degree of

intelligent behaviouwr. It can also be argued that instinct
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iz itself a form of intelligence although it is certainly
not a conscious intelligence controlled by the individual.
The programming of & computer might be comparable to the

ingtinctual process of an organism.



Knowledge and Reasoning in Machines

Investigators into the nature of intelligence have
highlighted certain categories of knowledges each of which
describes abilities that Fpermit intelligent behavior and
which are considered essential to the generation of ™I
programs. Many of  these categories are not unliks those
developed by philosopherse to describe the workings of the
human mind. These categories include such abilities as
problem solving and logical rveasoning. languags wsage and
lgarning. Other categories strictly limited to MI involve
automatic programming, robotics and perception and  the
development of new opesrating systems and languages for
computers  and machines. (49 With =such & bvoad range of
applications  there are necessarily different bodies of
browledse associated with sach type. One general sustem of
expressing these differences in reguiremente for intelligent
behaviour follows.

Frnowledoss may be sssentially factual in character. It
may describe properties of objects or be simply & taxonomic
-

prezsentation of thosze ohjects.

]
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Frnowledge meg he concerned with events and
interactions. In this modes it may deal with such factors as
time sesuences and cause and effsct relationshipss as well as

descriptions of these events.
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Knowledge may be concerned with skills, the ability to
rerform, and the ability to relate to society. The
infor&ation necessary for performance may be?! 1) cognitive,
as in intellectual, technical or scientific endeavour 2)
physical, as when using & particular machine or
participating in a sport, 3) affective, as when responding
to certain situations requiring interpersonal relationships.

A final category of knowledge may be described as
meta-knowledge. This refers to personal understanding about
a particular subject or body of knowledge., This type of
information can be used in an evaluative capacity, to make
predictions and recommendations. (5@

Knowledge representation schemes are not intended to
demark abscolute boundaries between the various forms of
Enowledge. They are useful, however, to help formulate
broad categoriess, which, to soms extent, defing the limits
of a program. & data base program. for example, may simply
be designed to store and add new names and addresses and be
able to retrieve these and print them on a screen or
printer. Thus. the program designed to accomplish this task
will primarily house object knowledge. Such a program will
not require & great measure of "intelligence" to enable the
various machines it controls to perform. If a spectrum of
intelligence for computer—controlled machines were

postulated, this type of intelligence would be of a lower
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prder. The number and complexity of the taszks involved is
not  large and there is little, if any freedom in the
decisianmaking process. Another programs however, designed
to enable a machine to inspect electronic components and
select and discard those of poorer qualitys,s may be extremely
sophisticated and therefore be associated with & higher
order of intelligence. The program mey coordinate sensory
data retrieved from real world interaction with information
stored in an internal memory, and must not only permit the
device to use its sensors, to store, o compare and to
evaluate the newly acauired data but also formulate & plan
of action and allow the device to carry out this conclusion.
At this level of sophistication, the MI program may need to
use knowledge from all of the above categories. If it
encounters circumstances it specifically has not  been
pragrammed to respond to, it mayw need to "reason' to find an
appropriate solution., It must discover the unknown from what
it already knows. {512

MI programs implement one of several types of reasoning
models, (52 They may use formal reassoning technigues in
which data is manipulated according to prespecified rules of
inference in order to synthesize = information.
Mathematical logic is the main form of formal reasoning.
This type of deductive logic, in its primitive form, may be

geen in the famous syllogism of Aristotle in which a valid
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conclusion is derived from two true statements)y 1)A11 men
are mortal, Z)Bocrates is a man, 3 Therefore Socrates is a
mortal.

Another system is procedural reasoning. In this scheme,
routine procedures are used by MI programs to scolve problems
which involve the utilization of knowledge. These problems
include activities such as the selection of appropriate
facts, the rejection of irrelevant facts and the ability to
make inferences. An example of this type of reasoning can be
seen in the program that encodes special procedures for
drawing inferences about information. Certain
characteristics are known about a class of animals, mammals
for example, and these are stored in the programs’ memory.
The programs in an attempt to prove that a specific animal
could give birth to live offspring, would try to demonstrate
that it was a mammal.

These two types of reacsoning are most frequently used
in MI programming although some research is being undertaken
in the aresas of reasoning by generalization and abstraction
and also in meta-level reasoning. This last technique
involves the implementation of existing knowledge to make
assertions and draw conclusions. I know., for example, that 1
have little aptitude in formal mathematical reasoning, and
although I am inclined to study chartered accounting because

of its lucrative financial rewards and intellectual
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challenge, I know also that such study involves the rigorous
study of mathematics. I therefore advise muself not to take
the program. The important factors in this type of reasoning
are the extent of knowledge, the extent of ability, and the
relative importance of certain facts.

Aside from the capacity of reasoning, an MI program
must possess the ability  to understand human intention.
There must be a means to communicate. Machine code, which is
the natural language of the central processing unit,> is
based on binary logic. Information is represented by the
computer in a binary system as a series of zeros oOF OnNnes.
which can be translated as affirmatives or negatives, ons or
offs, or any other system of opposing conditions.
Combinations of these binary representations of information
can be linked to produce what can be considered intelligent

behaviour.



LOGO as a Languasge

Other languages, referred to az higher level langusges,
are used =31 mediators to facilitate man/machine
communications. These languages act as  interpreters and
translate human intention into machine code. Each of these
languages have specific purposes. Some of the better known
languages are BASIC, COPOL, FORTRAN and LISP. FORTRAN refers
to Formula Translation and is used primarily by the purs
sciences., LISP is the language central to the mansmachine
dialogue. Some languages, BASILC for example, have attempted,
with varying degrees of success. to accommodate all general
needs,

LOGO, the language developed by Papert, is a subset of
LISP, and is primarily designed to make programming simple,
natural and accessible to all sge groups, particularly
children. as well, the languags is intended to have the
sophistication of the more established languages, so that
novice programmecs will not be restricted as they develaop
their abilitiss,

The degres to which the computer controlled device can
participate in the environment depends upon two factors: the
plectronic capability of  the conputer  itsslf and  the
capacity of the praogram that drives it. It is the program,

f a computsr.

]

or language; that can exploit the capacities
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An inefficient program will not use the computer to the
fullest extent. From this realization, Papert draws an
analogy to the development of human cognition. In an attempt
to redirect the educational focus of attention, he has
decided *to use computers fto provide pupils with an
opportunity to evpresse their idess in a concrete manner. He
suggests that having the opportunity to reflect on these
conceptualizations will enable the individual to develop
them more completely. Throwoh corrections of procedure in
the computer’s programy,  the programmer will be able to
systematically develop and enhance those conceptualizations,
thereby affording the opportunity to correct and improve the
thinking patterns that gave rise to the idea.

As well as the purposes stated above, LOGO was designed
with thizs purpose in mind: the language i intended to
correspond with and facilitate the development of the
principles that govern buman reasonings  thus making its
acauisition a natural, evolutionary process. The PRUrpose,
then, is two-fold., It not only enables the programming of a
computer but alsoy and most importantly, encourages the
development of the pProgeammer’ 8 personal cognitive
abilities. (53)

It is this quality that is presumed to give LOGO its
greatest advantage over other programming languages. The

cognitive ability of the programmer need not be fully formed
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to use the languags effectivelu. Py using the language, the
programmer  may be  encouraged to discover new ways of
rerceiving situations and viewing relationships. The key to
understanding the spacial qualities of LOGO as At
instructional and developmental tool for children is in the
recognition of its visual representation of conceptions.

Other areas of LOGO which appeal to hoth educator and
pupils are the simplicity and power of LOGO commands. With a
relatively few, ®asily understood, commands graphic patterns
of great complexity can be generated. This feature is
presumed to be able to . promote further esploration using
different combinations of commands alrveady understood and to
encourage the acauisition of new and unfamilar commands to
extend the range of control. It is believed that the pabttern
created by the child is representative of the unification of
a numbsr  of previously unrelated idess and bits  of
information. LOGOG, the theory holds, provides a medium for
the analysis and synthesis of information. Theoretically,
LOGO allows children to follow their natural inclinations to
learn and to investigate. Motivation is regarded in this
view as an internal characteristic that is related directly
to the learning pracéss of the individual, aquite unlike the
behaviourist visuw.

Another premise concerning motivation finds its origins

in the notion that the intrinsic beauty of the graphic
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patterns, and the corresponding recognition of the strengths
or weaknesses of the program will motivate further action on
the part of the child programmer. This system of learning is
intended to be entirely under the control of the child who
discovers autonomously and without direct instruction. LOGO
attempts to encourage and reward this spirit of independence
and investigations are continued in relation to the child’'s
personal world experience.

In another arena, LOGO is intended to offer children
entry into a previously inaccessible mental world. The
computer is, under this langusage, configured to act as a
powerful tool to permit children to express, with relative
ease, certain ideas hitherto locked in the mind. For
educators, it offers an unparalleled opportunity to
investigate the actual degree of suphistication of the
child’s ability to conceptualize. While this method of
investigation is not flawless, it will open new routes into
the study of learning and thinking. Prior to the advent of
the computer, children had to rely on strictly manual skills
to sxpress their ideas in other than oral form.

Children are often physically handicapped in so far as
they may be unable to manipulate certain tools, such as
drafting eauipment, to transmit their conceptualization of a
problem. While their mental image may be quite exact, their

inabilities +ta transform that image to concrete reality
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inhibits subszeauent development of that particular idea.
LOGO specializes in the ability to graphically represent
ideas. These representations are mathematical in nature and
often reaquire systematic procedure top fulfill the intent of
the programmer. Papert suggests that while our culture has
an abundance of opportunities to encounter number, and
ppportunity to practice systematic procedure, it does not
provide the chance to discuss or investigate the nature of
the procedures themselves.. Thinking about thinking processes
is not presently & culturally identified ftopic discussed in
general social situations. Papert euplains:
When children come to LOGO they often have
trouble recognizing a procedure as an entity. Coming
to do s0. iss in my view, analogous to the process of
formation of permanent objects in infancy and of all
the Piagetianlu-conserved entities such as number.,
weight, and length. In LOGO, procedures are
manipulable entities. They can be named, stored away,
retrieved, changed, used as building blocks for
superprocedures and analured into subprocedures. In
this process they are assimilated to schematic or
frames of more familiar entities. Thus they acquire
the quality of "heing entities". They inherit
"roncreteness"., They also inherit specific
knowledge., (54)

In the mind af the child who has learned the LOGO
perspective, according to Papert, the internal structure is
comprised not primarily aof simple data, but of structures to
use that data. While this may invariably be the case in all

people, regardless of epistemological orientation, the

advantage aof the procedural approach, is that the procedures
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themselves are consciously recognized, categorized, stored,
and implemented as procedures. This ability presents to the
individual & wvisible structure, which is presumed to
represent the workings of the mind. Without such a report,
this level of mental organization might be oabszcured and
possibly unrecognized.

The ability to recognize that procedures exist to solve
problems, sven if they are currently unknown, and that their
discovery 1is possible through systematic investigation
provides children, and adults, with a powsrful incentive to
search for solutions. The procedures themselves are stored
in the child’s memory much as would be simple facts. A child
who has begen accustomed to solving problems in this way
might remember that to answer the auestion, "In what year
did Columbus sail the ocean?", he must consult the various
encyclopedias under certain categories., such as Columbus,
Morth America, or famous plorers, rather than simply
recalling the date, 1492, as a fact.

This approach differs in a fundamental way from simple
akill develcopment., 8kill davelépment in the curriculum
concentrates its attention on specific topics, printing,
addition, and alphabtetization. While these skills are of
course necessary and vital to the purpil’s ascademic success,
they do not in themselves provide a meta—-sustem through

which the world and its phenomena can be approached in an
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independent and systematic manner. While it may be argued
that the development of this inclination to search for
problem solving procedures is itself a skill, it should be
remembared that it is more importantly an orientation toward
life and ite everuday problems.

This saarch i, furthermore, if the genetic
epistemology of Piaget is accepted, an unavoidable product
of existence. From this point of view, whether we are aware
of the process or noty | our learning depends upon the
avolution of our cognitive ability from & state of
understanding dependent on direct, concrete experience, to a
state where one can implemsnt procedures and information
which have beesn reduced to abstrect categories to solve
everyday problems. Presenting problem solving as & skill
will bring the issue to the attention of the conscious mind,
thus increasing the possiblity of enhancing itse development.

Piaget has associated age limits with the various
stages of this evolution. That there is a seauence of growth
is not guestioned. Some of this development is directly
related to physiological conditions. Piaget’s sensory-motor
stage is an example. In this stage. which #ists between
birth and two yearsy the infant’s intellectual ability is
restricted, initially, to simple reflex actions. By the age
of two, the child has learned to discriminate betueen shapes

and formsy to imitate complex actions, to remember people,
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places and objects, has learned to azsociate words with
their corresponding objects and to some extent to verbalize
this learning. (55)

Piologically preceding this cognitive development is
the maturation of the brain itgself, Over the first two
yearsy the network of neurons develops from a system that
permits relatively gross phusical movements in infancy to
much finer motor control in the two dear old.(56)
Intellectual advances parallel these physical
accomplishments and must be attributed, in the main, to
biological growth. Piaget’s observaltions induced him to
associate bioclogical development, and therefore phusical
age, with advances in cmgnitive ability. In facty he
outlines in great detail the ages which he observed to
correspond with each type of cognitive skill., Following the
senzory-motor stage, is his preoperational level which he
claims exists from two until seven. This stage is refered to
as preopervational because the child has not yelt developed
the ability to reason logically in either concrete o
abstract terms.{57) Children’s cognition deals with the
world of immediate interaction. The child’s mind has not
constructed the mental schema necessary to transmute factual
data into abstract categories. According to Piaget, this is
a natural consequence of growing up. The mind, he suggests,

cannot perform certain functions until it is bioclogically
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capable. This is not to say that the logical structurss ars

innate in the mind and develap with time but that for

Hi

logical thought to develop & biclogical struchture i
necessary. FPlaget states,

Thusy everything seems to happen as though the
move complex—in their organization and sutoregulation
syztems-~ cognitive systems arae, the move their
formation is  dependent on a sequential PrOCess
comparable to a biclogical epigenesis(58).(5%9)

From The auote, it sgems that Piaget values the ides of
preformation in the physical architectwrs of the brain as
being  prevesudisite to intellectual advance. He does,
howsver, aualify this bsliefy with further explanation. This
comment  relisves him of the burden of presenting his

argument s & polavized position in the naturesnurtures

,

debate, (66 He continues,

The seguential charachter of the stages of
intslligence certainly seems to prove the necessily
cf an sndogenetic(sdl) factor in nervous maturabtion,
bat by no means exoludes either the intervention of
the environment {euperience) ory more parbicularly,
the interaction of envivonment and maturation at the
center of & preooe equilibration or progressive
autoregulaticon. (&)

While Fiaget’s ocbheervations led bhim Lo construct & time
frame ¥Yor cognitive development in children, he did not deny
the possibility of intervening environmsntal factors, which
couwld  alter this time-frame. It is CONCETTT NG this
possibility  that Papert takes issue. The emphasis in the

LED approsch is not on what ochildren cannat  do  at


http://nu.es

64

particular ages or stagesy but rather on how enriched
environments can assist children to facilitate their ouwn
learning.

1 take from Jean Piaget a model of children as
builders of their own intellectual
structures....Where I am at variance...is in the role
I attribute to the surrounding culture as a source of
these materials. In some cases the culfture supplies
them in abundance...but in many cases where Piaget
wouwld explain the slower development of a particular
concept by its greater complexity or formality, I see
the critical factor as the relative poverty of the
culture in  those materials that would make the
concept simple and concrete. In yet other cases the
culture May provide materials but block their
use. (463)

Papert believes, then, that through cultural enrichment
a concept, the acauisition of which is now generally
associated with a particular agey may be learned much
earlier than might be considered possible according to
Piagetian stage theord.

"l see no reason"y he states of environmental
conditions, "to doubt that this difference could account
for a gap of five years or more between the ages at
which conservation of number and combinatorial abilities
are acauired.” (64}

Py addressing this guestion, Papert has shifted the
focus of attention Alay from the presumed inherent

limitations on developing thouwght and the corvesponding

kinds of intellectual restrictions associated with



65

approximate age groups. His quéstions deal not  with
restrictions but with possibilitiez. He has chosen to study
the effects of what he believes to be an enriched
environment on cognitive development in children. Rather
than plan an environment to suit what has been accepted as
the standard pattern of development, he has designed a tool
through the use of which it becomes possible to explore and
enhance one’s own cognitive ability. LOGO is intended to be
a tool to assist one in thinking about thinking and problem
znlving. If it does accomplish this purpose, it is a tool

that szserves a much neglected function.



The idea of reducing, or in some cases perhaps
gliminating the time interval bstween ths acquisition of
various concepts as  the cognitive faculties of children
develop, iz one of the central notiong that gave rise to the
development of LOGO., Languages and programs prior to its
appearance were designed primarily to be used in conjunction
with reductionist and zystematic thinking. Papert refers to
this type of thought a&as obsessional. He describes this
process in the following ways

The ohbssssional is one who likes writing little
details, is concerned with detsil. who likes to see
things in a fine sort of  way, who likes o
concentrate on detail. (&63)

Programming a computer in LOGD can be accomplished in
this way, but the language has the additional aueality of
baeing usasful to those who think along other lines. This type
it thoughty, rather than forming a larger picture from a

zerigs of interrelsted ocomponent  pachs, takes a more

T

holistic approsch from the beginning. This kind of thinker
mad use not only intellectusal technigues for programming but
aler emotional cues az well. This method of problem solving
iz characterized in the following way:

The other kid puts a bklob on the scrsen and

sart of likes it. Then he modifies it a little and
gradually builds it up into something much more

66
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complicated. He’s not doing a simpler jobs; he’s not
learning less...But he’s interacting with reality in
a profoundly different way, in & way that corresponds
with his personality. (&5)

It is this additional dimension that enables the
bridging of the hiatus between strictly
scigntific/reductionist and other, equally valid approaches
to thinking and solving problems. Further, it manipulates
the strengths of the computer to be used to the advantages of
the child without the constraints associated with rigidly
acientificy patterns of thought. Papert’s classifications of
thinking types, obsessional and husterical, appear to
corvesrond closely to existing classifications, analytic and
holisticy, respectiveluy. One method of describing the meaning
af these terms is to view the analytic mind &s one that
builde structures from component parts with the completed
work assuming its final zhape en route, while the holistic
thinker works to perfect an already existing larger vision.

The nature of computers and most of the programs
written for them appears to reflect the intellectual bias of
the engingers and programmers themselves. Papert suggests
this cognitive paradigm is not conducive to the development
of the "hysterical” approach to learning and he extends this
train of thought to note that the scientific and
technological world in general is notable for the distinct

absence of this type of thowght. aAccording to Papert,
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contemporary computer design  exhibits the intellectual
characteristics of the social group~ the engineers and
mathematicians~ that created them. His theory is that the
equipment is simply not designed for purposes outside that
particular sphere of concern and it is not flexible enough
to be used, without modifications, in areas that relate to
areas outside logicaly mathematical or scientific thought.
Thus, regardless of the final use of the computer, its
designs and hence its powers is contained within a specific
paradigm which does not serve all conceptual schemes
adeauately. This paradigm sets limits and predetermined
rules on the operation of the machine itself. In order to
use ity one must conform to its limitations. Computers, for
example, are notable for their abilities to operate in a
lineary systematic manner. There is a dangev, howsver, that
because the computer exucells in this aresa. the operator méy
tend to attempt to use it not only for Jjobs that require
thiz type of analuszis, but also for tasks for which it is
not suited. We may alsg attempt to tailor the task to fit
the machings and thereby savoid finding & solution for the
real isszue. In this type of case, the device has begun to
dictate to the operator,y determining boundaries and limiting
the options of the computer user.

In the same way that the cognitive growth patterns of

children are determined, in part, by the choice of
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curriculum  contenty, those same growth patterns can  be
directed by the intrinsic requirements of computar
orperations regardless of the degree of sophistication of the
computer program or  language. In both casesy it is  the
educator’s concern to be aware of the inherent limitations
and to make accomodations, supplements or concessions in
relevant areas to those who are affected. Without this kind
of attention, there is a risk of educating students in a

ystem that cannot properly evaluate either its own

ifi

strengths and shortcomings or those of its wards. In this
gituation, which has been described as a "closed system”,
new ideas and information are not permitited to flow freesly
into the existing structure, thereby creating conditions for
the assimilation of knowledge that potentially could be
vital for its continuesd evolution or survival. (47}

It iz for this reason that experimental programs, such
as Papert’s, are to be welcomed as &an opportunity  to
investigate new possibilities and to re-axamine existing
structures. Papert is not alone in his asszessment of a need
to sxpand owr awereness of possible methods of learning and
thinking. While Papert suagests two modes of thinking, the
obsessional and the‘hgstericalg it is poszible that there
Are many more. Developing thess alternatives may be
necessary for the advanced development of the mind and its

thinking ability. As Edward de Pono says:
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guample, dexls not with numbery but with form, colours sizs,
background and the like. For a dancer, reality is comprissd
af timings steps, movements, music and so on. These are all
"realities" in the minds of those concerned and each is
eupressed in & different manner. It makes little ssnse Lo
restrict our abttempt to edpress the concestion of what is
real to a zingle methodologw, which is, in Fapert’s case,
mathematical. By doing B0y & dichotomy berbwesn the
mathematical and the non-mathematical is generated. He then
suggeste that this polavization is transmitted socially. and
implies that it is thse obligation of sducators Lo overcome
this problem. using LG,

Furthers he claims to have designed LOGO to parallel
the workings of the wind., This, in  itself, the claim
continues, will allow the acouisition and application of

concepts learnad under LOGO to ke s natural process,

~4

hese  assumptions, however. mey not be warvanted.
Simply understanding LOGO relationships and concepts is not
& guarantes that understandings in other areas of personal
srpariencs will! follow. &2 wells it may not be reasonable to
seswme thaet  ddeas lesvned thyrouwgh interaction with &
computer language on & two dimensional  scoresn will  he

aprlicable in everyday situations. There i distinct

in
i

difference bhetuesn manipulating imagess  on moreen and

i

interacting with peopls in socia zituations. Soms of the
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concepts and ideas learned under LOGD might only find
gxpression when the child is operating the computer. The
mental skills required to master LOGO =imply might not be
useful in everyday activity, and the ideas learned in its
study might not be generalizable to other applications. If
this is the cas®, the educational usefulness of LOGD can be
called into question.

A.R. thrage, a philosopher and writer, suggests that the
ability to think is not in itself a quality that can stand
by itself.(69) He indicates that thinking ability may depend
upon the degree of fluency with which an individual operates
in any given field of study. As the degree of familiarity
with a topic increases, the ideas contained therein become
progressively more comprehensible. In this view, practice in
manipulating the symbols and concepts of the topic precedes
the akility to think effectively in that field. Orage
concludes, howevers that there are certain mental exercises
that will enhance an individual’s understanding of a topic
once the language unique to that field is mastered. Orage’s
stance on the process of enhancing cognitive development
consists of three separate factors: biological potential of
the individual, his mastery of the information contained in
a particular discipline or perhaps general knowledge, and
special development through training.

It i=s the composition of this special training that
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presents the difficultuy. According to Papert, tools were not
available to enable the development of certain kinds of
cognitive training. Othersy, such as Orage, de Bono and
Adler, disagree, and maintain that special teaching
techniques rather than tools are needed. In the light of
this dissentions Papert’s claims concerning LOGO’s unique
possibilities must be closely examined. While it is
certainly true that the computer is the most powsrful of

tools yet devised for some applications, it is also true

3

that this machine is not wet flexible enough for universal
application. In & like manner. the thinking ability to
program & computer in LOGO may not be the same kind of
thinking ability neceszary to deal with other types of
proablems.

Al though Papert has attempted ta account for
differences in types of thinking by his obsessional and
hysterical classifications, he has provided little evidence
to suggest that these types do in fact correspond to
individuals or that clazsifications of thinking types should
ke restricted to these two. It 1= one thing to make
observations about how children respond to & camputér
language and another to extend that observation to construct
a cognitive theory. Papert alsco attempts to uwse  this
particular observation tm'deacribe what he believes to be a

social condition of vital concerns the rift betwesen the
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humanities and the sciences. The rift, Papert believes, is
responsible for the development of the social dichotomy and
the tendency to think only along either holisitic or
scientific lines. This split however, C.P. Snow
notwithstandingy may be contrived to suit his observations.
By encowraging a belief that owr culture is deficient in
certain intellectually enriching media, in this case
mathematical understanding and the means to promote that
understanding through LOGO and the personal computer, Papert
advances his own interests, It may be that ouwr culturs is
not &t all lacking in that particular area. For example,
exposure to number, arithmetic, geometry, and algebra are
required of svery child in the western world, a situation
unparalleled in history. As well, Papert’'s descriptions of
the thinking processes may simply be part of larger, more
comprehensive patterns of thinking which remain outside the
sphere of Papert’s investigation. From this point of view,
LOGDOYy as a teaching tool, cannot be regarded as complete in
itgelf as a means to deveop thinking processes.

Another belief central to Papert’s theory concerns the
miativation of LOGO users. He states that the child’s natural
learning ability, coupled with the power and simplicity of
LOGO commands, and the intrinsic beauty and elegance of LOGO
designs will be snough of an incentive to induce children to

study and refine LOGO technigues for the purpose of
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completing their computer project. Further. he beligsves that
the self-~satisfaction the child derives from his project
will encourage further study and effort.

It iz well known that many of the greatest thinkers
have been attracted to such factors when searching for
solutions. Of this phenomenon, Horace Judson weites,

The deeper we see into nature, the more beauty
we find. Elegance in a thesory becomes & criterion of
truth...8cientists unabashedly try to capture the
beauty of nature in their models and
explanations. (7@)

It may not be appropriate, however, to draw the
comparison between a child learning to use a computer and a
scientiet committed to to extending the bounds of knowledge.
Children do not possess the mental skills, the background
and experience. the perseverance, or the sttention span of
the scientist. For these reasonsy & child’s understanding of
beauty and truth will likely differ substantially from that
of an adult researcher.

Doubtless Papert would reply that it is the same
quality in children and adults that must be encouraged, and
that the particular impetus +to learn and know can  be
rultivated in all. He assumes, howsever. that all will find
heauty, and hence reason to continue, in LOGO designs and
programs. Again, this assumption may not be justifiable and
many children may require different types of motivetion in

different areas of study. Some may simply not be interested
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in computers over the long term. In these casesy neither the
natural simplicity of LOGD nor the intrinsic attraction of
the design will be of use as & motivator.

Consider the difference between two types of children.
One spends his time after school designing a computer
program, while the other uses the computer to master the
intricacies of & certain game. Each child carries with him a
different set of wvalues and priorities. They interact with
this dimension of the environment in completely different
ways, They respond differently to environmental cuing. It
does not seem reasonable to think that a simple choice of
programming methods will provide enough incentive to induce
the game rlayer to learn to program. It may also be the case
that an initial interest displayed by the child toward
programming  in Logo is  not indicative of a lasting
cognitive perspsctive,

It is important to remember, though, that Papert
attempts to offer one more alternative. He claims to present
the child with an additional choice, the holistic approach
to programming. This approsch is  intended to &allow the
individual greater freedom to explore in & heuristic
environment than would be possible if thinking uwere
restricted to the scientific/reductionist paradigm.

Papert’s claims, however, is to offer more than a simple

intellectual choice to children as learners. One of his
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major epistemological claims is  that children’s natural
lzarning ability can be exploited more fully if the
environmental conditions enable ego and body-syntonic
understanding. logos, as reasoning ability, can be developed
through praxis. The actual practice of the computer languags
LOGO,y, rather than Jjust the formal study of its procedures
and methods, will enhance, according to the theory,
intellectual evolution. Essentially, the virtue of this
system is that it recognises the improvemsnt of the
intellect as its final goaly, and approaches this directly.
It does not assume that intellectual acuwity results from a
callection of abilities such as a sharp memord, the capacity
to =so0lve arithmetic eaquationss the ability to read and the
liﬁe. The methods used in LOGO to promote intellectual
advance are believed to complement the actual workings of
the mind so that progress will be natwral, uncontrived and
self-motivated.

In the final analysis, it must be concluded that while
LOGO offers a rather uniaus approach to learning and to
learning to think, it cannot stand by iiself as a sclution
to this problem. The premise that the art of thinking, as a
topic, is neglected by the sducational systems is
interesting and, in a formal sense, gquite true. Curricula do
not =seem Y0 provide courses, except perhaps at advanced

levels, in this area. Papert’s contribution is invaluable



hecsuse it investigatss an ares that appesrs to be genevrally

avoided by educators. Most effort is directed toward the

i

tructure and content of curriculum. Papert outlines mador
areas of concern in the thinking process itself and offers a
poezible solution, thus approaching educational problems
from an epistemological perspective. While some of his
claims may be exaggerated, they are certainly worthy of
further examination and research.

Far Paparht, the world appears to bse primarily a
mathematical world. It iz one in which the ability to think
and  understand  in mathematical terms iz of  paranount
importance to & successful life. In ovder to further his
idearsy and those of his colleague Piaget, he has taken the
most powsrful of modern tools., the computers and adapted it
to azzist the student in the effort to enhance individual

thinking ability. LOGO is dynamic system that purports to

i

require the participation of the student on more than a
simply  intellectusl  level. Phuysicsl integraction with the
conputer and emobional commitment to the intrinsic beauty of
the product are also vital components. Papert’s contribution
must be recognised not only for its novel approach  to
children®s learning but zlso for its endorsement of  the
sexlief that lesarning is snhanced if the tripartite nature of

individual heing— physical. emotional and intellectual- is
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acknowledged and incorporated into learning and thinking

activitie

i



Footnotes

The title of this thesisz. "LOGOS YIA PRAXIS", was talken
from an essay written by Mary W, Wartofsky entitled "From
Pragis to LOGOS: Genetic Epistemology end Physics". This
papsr can be found int Mischel, Thesodore. ed.y Cognitive
Development and Epistemology. New York! Academic Press,
1971, In his work, Wartofsky argues that the nature of
genetic epistemology is such that it must deal with the
hiological and human conditions for  the development of
phusics.

1} HMortimer J. Adler, The Paideia Propozalt: An Educationsl
Manifesto {(New York: MacMillan Publishing Co. Inc., 193820,

pp. 15-34, &9-7Z.

2) E.W. Romaniuk, Chairman, Computers _in Schools: The
Minister's Task Force on_ Compulers in Schools (Alberta
Education, June 1783.})y pp.41-97.

3y Seymowr Papert, Mindstormzs (New YorkiPasic Pooks, Inc.
Publishers, 1988, p.7.

4} IThidy . p.7.

E:‘} Ihiﬂn) F’:IEJ?“

4y Ibid., p.32.

7y Syntonic iz a term which generally refers to a pair of
instruments. one of which transmits and the other which
receives. Thess instruments are tuned so that the latter
responds to the specific freauency emitted by the former.
Ego-syntonicity is a term used by Papert to explain the tupe
of understanding about the world possessed by a child., Thes
term finds its origins in Piaget’s work on ego-centricity in
children, wherein he attempted to demonstrate that children
af a certain age "understand® things only in relation to
rhemselves as the focal center of achtivity., The child must
be ablse to relate to that which he perceives in terms of his
underetanding of himself before he attains an sgo-syntonic
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understanding. Essentially. thens the child is attempting to
relats bhis empirical perceptions to his self-perception.

8 Pody-syntonicity iz a term used by Papert which indicates
his conviction that knowledge. for children. is not acquired
snlely through the action of the intellect, but in
conjunction with physicel activity and manipulation of the
environment. It is through the actions of the body that the
child comss to realize his relationship with the objects of
his attention and develops a atrateay for future
interactions.

2} Seymour Papert, Mindstormss (New York! Basic Pooks Inc.,
Publishers, 1988, p.205.

1@ Ibid., p.1%2

11) Henri Poincare was & French mathematicisn who discovered
a clase of mathematicsl functions. &8 a contemporary of
Einstein. he independently made inrvoasds into the thsory of
relativity.

2} Bloom constructed hig taxonomy for the purpose of
enabling educators to clarify their educational objectives.
The taxonomy refered to in the thesis is intended to deal
gpecifically with the cognitive domain., Each conponent of
the taxonomy is arranged sequentially with the highest level
af cognitive activity placed at the end. These levels are)
knowledgs. comprehension,s applications analysis. sunthesis
and evaluation., Floom also helped devise a taxononmy for the
affective domsin. Other researchers have constructed a
zrchema for psychomotor objsctives.

13 The turtle is a term which describes a device used to
trace patterns directed by a computer program. The device
may be either a two-dimensgional imsge on a video display or
a thres dimensional mechanical "creature” that can be
comnanded to move, to draw and so on. The mechanical device
-an  vemember & series of commands zo that it may perform
compler tasks., It iz, essentially, & computer controlled
robot.
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143 Jean Piagst, Peatrix Halsh, Trang. Fiology and
Knowledoe, (Chicage! University of Chicago Fress, 1971),
F.119.

15)  Ibid., p.533.

16y 1Ibid.s g 117

17y Eric Fromm:. The Anatomy of Human Restructiveness (Mew
Yoark: Holt, Ringhart and Winshtons 1973, p.&%.

18) Fredrich Copleston, 8.J., A History of Philoszophiy: tanf,
Yal. b, Part 2 (New York! Imame Pooks., 1964), pp.llé-121

19y Konrzad Lorenz, On_fdggression (Hew York: Harcourt, Brace
& World, Inc. 1963, p.247.

2@y Sigmund Freud, A General Introduction to Psuchosnalysis
(New Yorki: Permabooks. 19558), p.27.

=20 E.F. EBkinnery Beyond Freedom and_ Dignity {(New York:
Alfraed &. Knopty 1972)Y, p.2805.

' 4,

22y Frommy op. cit.y p.4@.

733y Piaget, Peatrisx Walsh, Trans., op. cit.. p.339.

Z4)  Robert I. Watson, The Greabt Fsychologists (New Yorkd

J.P, Lippencott Companuys 17963, p.24.
LE} Fredrick Copleston, S.J.. & Hietory of Philosophy?
soee  and  RBome Vol.l. Fart 1, (Mew York: Image PBooks,

x*fg pR.47-58,

2&) Francis M. Cornford, Trans., Plato’s Theory of Knowledge
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(Mew York! Pob-Mervill Company, Inc., 1957), p.i10.

£27) Matural Realism is & term used by T. Reid (17180-179&) to
refer to the belief that the senses provide accurate
perceptions of reality and the external world. This position
ig in diametric opposition  to the Platonic notion of forms
and the illusions of the senses. '

28 Jean FPiaget, Wolfe Mays, Trans., The Principles of

Genetic Epiztemclogy {(London: Routledge & kKegan Paul, 1272),
.20,

22 Psychogenesie is a term used by Piaget to refer to the
formation of knowledge in the human mind., He sees this
Process a8 being inextricably linked to hiological
development, although he does not discount the role of the
environment.

3 Integriorize is a term ussed by Piaget to refer to the
child’ =z apbility to transform - actual behaviour to 2
conceptual scheme in the mind. In the stages of growth prior
to this abiltyy the child is unable to understand behaviour
as & scheme because all actions are spontaneous and not
premeditatad and are thevefore not classifiable,

31y Fiaget, Wolfe Mays, Trans.. op. cit.s p.51.
32 Fiaget,; Besautrix Halsh, Trans.s op. cit.s p.5.

23)  Reuven kohen—-Raz, Psychobiological Aspects of Cognitive
Grouwth (New York:! Academic Press. 1977}, pe. 18617,

25 Papert, op. cit.., .42

353 pAssimilation is a term used to refer Lo the ability to
integrate new informaltion into previcus structures., Genetic
azsimilation has been used by the hinlogist €. H. Haddington
to refer to the process of transforming and making permanent
certain traite or behaviours initially dependent for their
sxiztence on envivonmental conditionz by their addition to
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the genetic pool. Cognitive assimilation refers to  the
process whereoby we incorporate new knowledge into cognitive
structures that are alresdy (&t least partly) established.

34) Exteriorize is & term used by Piagst to refer to the
process by which concepts and ideas are subjected to
experimentation and testing in the environment. The
information received by this exercise is uwsed to confivm or
reject previously sxisting beliefs.

37y Piaget, Pesubriy HWalsh, Transz., op. cit.s p.350.

28) Ihid p.349.

29 Ihid @358,

48 The sea otbter, for esxample, will ocollect & large flat
rock at the same time it takes an oyster. It will use the
rock as & tool to orack the oyster’s shell. Certain monkeys
and apes will use sticks as tools. There is evidence o
sugygest that these skills are not necessarily bransmitted
genetically but are transmitited socially.

41) Piaget, Beabriz Walshs Transz., op. cit. p.l348.

42y Ibid p.3&8.

433 Piaget refers to this phenomenon as the "hursting of
instinct®. This phrase is not intended simply to describe
the process by which instinct is replaced by intelligence as
a method of interaction with the snvirvonment. It has the
more important connotation of indicating that the primitive
functions of the instinctual mechanisms are taken, extended
upon. manipulated and altered. As this happens, hereditary
programming. to ever greater degreesszy begins to disappear.

G4 ) Fiaget, Pegatrix Walsh, Trans.y, op. cit., p.3&68.

45) Adocording to Piagety, the threese main stages of operative
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intelligence arej 1) the sensorimotor periody, lasting from
birth to one and a half or two in which the child’'s
understanding is guided primarily by instinctual responses,
2 the period from two until eight or nine in which the
semiotic function developss and which is followed until the
age of twelve by the development of concrete operations in
which the world is understood primarily through ghysical
contact with material objsctsy, and 3) a stage beginning
about twelve in which formal intellectual operations, such
asg the construction and combination of propositions about
the material world, are possible.

4&)  C.F. Snows Two Culturesi: Snd a Second Logk. (Cambridge:
The University Fress, 194%4)y pp.l1-Z1.

47  Paperts op. cit.s .7,

48) James Martin., Desian of Man-Computer Dialogues
(Englewood Cliffes: Prentice-Hall Incs 1973)y pa7.

42 Avron Pared Edward A, Feigenbaum, eds. The Handbook of
Artificial Intelligences Pook 1 (Stanford?! Heuristsch Press,
1981, pp.7-10.

2@ FPaul R, Coheni Edward &, Feigenbaums eds. s Thae Handhook

af Artificial Intelligence. Fook 3 {(Stanford: Heurisztech
PFress, 1921); p.l44,

51 Thid p. 144,

e Thid p. 148,

=3y Paperty op. cit., p.175.

54)  Ihid p.223.

5% Dorothy G. Singeri: Tracey &. Revensons & Piaget Primevi
How a Child Thinks {New York: International Universities
Frecge, Inc.s 197%9)}s pp.2&6~40,
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&) Morton Hunt, The Universe Hithin (New York: Simon and
Schuster, 1982), p.40.

537 Singersi Revenson, op. cit.s p.37.

58) Epigenesis refers to the theory that the "germ" is
brought into existence by successive acoretions and notb
merely developed in the act of reproduction.

52) Jean Piaget, Beatrix Walsh, Trans., op. cit.y p.19.

&) The natwre nurture debste is an ongoing discussion in
which the relative value of the rvoles of the environment and
genetic factors in  the development of intelligence and
aptitude are considered.

&~1) Endogenstic is & term uwused to refer to a genetic
component in bhiological structures that regulates the
developement of various systems, in this cases cognitive
ausareness and intellectual structure.

&2 Pisget, Peatriy Walsh, Trans.., op. cit.s p.18.

&3)  Papert, op. cit., p.7.

&dy } Ihid p. 175,

&%y A, Richard Immel, "The Father of Logs" A+. Molume 1,
Tesue 1y November 1983, p.l3s.

&y Ibid p. 136,

£8) Edward de Pono. Lateral Thinking {(New York: Penguin
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@) 4. R. Orege, Psychological Exercises and Essays {(New
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