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Computer Pedagogy? Questions
Concerning the New Educational
Technology

ARTHUR G. ZAJONC
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At this point in the “computer revolution” one can do little more than specu-
late concerning the long-term benefits or detriments that may accompany the
extensive use of computers in education. Yet if we are to use this technology
responsibly we must not hesitate to frame critical pedagogical and ethical
questions concerning the use of this or, indeed, of any new technology in
education. Few things are more important for our future than the education of
the young, yet in our rush to embrace a new fad we risk overlooking the long-
term deleterious effects of what may appear to be a harmless or progressive
new technology. I wish to ask a few of what seem to me to be the most
significant questions regarding computer-based instruction or education. Yet
any such set of questions must be based, explicitly or implicitly, on one’s view
of the child and its maturation, emotional and volitional as well as intellec-
tual. In attempting to pose a set of questions responsibly, I will make explicit
the theoretical framework from which they arise. This article, therefore, falls
into two parts. The first summarizes those elements of developmental
psychology! that will later, in the second part, act as the matrix within which
we may develop questions. The answers, the real answers, must await sensitive
and careful research. But then should we not submit each of our educational
initiatives to systematic theoretical and empirical scrutiny?

CHILD DEVELOPMENT

I begin with the explication of three aspects of Piaget’s theory: accommoda-
tion and assimilation, cognitive structures, and development by stages. Once
we have understood each of these concepts and their relevance to learning, the
place (or misplacement) of computers in education gains clarity.

ACCOMMODATION AND ASSIMILATION

The polar processes of accommodation and assimilation form the logical
center of Piaget’s “genetic epistemology.”’? Although the newborn infant may

Vahiime 83 Numher 4 Siimmaer 1084



570

Teachers College Record

completely lack all formal knowledge and, according to Piaget, all static
“cognitive structures,”’? the activities of accommodation and assimilation are
sufficient to initiate cognitive development. Accommodation and assimila-
tion can perhaps best be understood through their most vivid manifestations.
In the case of accommodation, imitation serves this purpose, and in that of
assimilation, symbolic play or imagination.

The process of accommodation is one in which the subject transforms or
creates inner structures in order to accommodate a new object. This seems to
be accomplished by a rehearsal, inner or outer, of the new experience. Piaget
recognizes three levels of imitation: imitation through action, deferred imita-

tion, and interiorized imitation. These provide the vehicle for the constitution’

of both operative aspects of thought and, through the last form of imitation,
that of mental imagery. In the very young child the capacity for imitation, that
is, pure accommodation, is present to an extraordinary degree. Not only is
every aspect of the child’s external environment an object of imitation, but
also less tangible complexes of activities and emotions. The teacher’s tender
caress after a fall may turn up in endless variations, for example, as the com-
forting of a fallen dol! or a wounded playmate. Thus are the moral, emotional,
and aesthetic sensibilities of the child powerfully influenced by its capacity for
imitation, for accommodation. Once one accepts the fact of accommodation,
there arises the enormous responsibility for the educator to provide an
environment fully worthy of imitation. Once again, I stress what should be
entirely obvious, namely, that the objects accommodated should also be
considered in their aesthetical and ethical dimensions. That is, the nursery
should be beautiful, secure, and caring as well as instructional. In fact, as will
become more evident later, the instructional component of early childhood
education has essentially nothing to do with the teaching of conventional
materials; rather, one should assist at this time in establishing the cognitive
bases in the child for later and higher levels of learning. Thus the aestheticand
ethical dimensions become all the more important in the early years. In sum-
mary, child development hinges on the selfless capacity for imitation, that is,
the ability to accommodate in order that something new can be absorbed from
the environment.

Equally important is the complementary activity of assimilation, which
Piaget defines as “the integration of external elements into evolving or
completed structures of an organism.”* When a child selects a nearby pine
cone to become a loaf of bread, and a stone to be its knife, it is “‘assimilating”
or integrating external elements (pine cone and stone) into an existing
structure (domestic activity). Vigorous imaginative or symbolic play is an
active projection of self. The whole world changes to serve the needs of the
moment. Assimilation is an essential ingredient in development; it provides
for continuity and, indeed, is necessary for recognition itself. Yet if it existed
alone, no development could occur. The will and imagination to change one’s
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world, whether in play or later through technological invention, must be
coupled with the selfless capacity for accommodation. “Progressive equilibra-
tion” of these two processes is essential to intellectual growth, but itisnota
static equilibrium. Rather it is a dynamic ebb and flow, asystole and diastole,
a movement between receptivity and activity, between listening and speaking,
which underlies cognitive growth.

COGNITIVE STRUCTURES

Out of the interplay of accommodation and assimilation arise what Piaget
terms “‘cognitive structures.””s Certainly the notion that all cognition, from
ordinary perception to scientific discovery, depends on implicit mental
structures is neither new nor unique to Piaget. The Romantic poets were filled
with the idea that nature is an active agency that is constantly fashioning new
organs of cognition in man, or cultivating those we have allowed to atrophy.®
Goethe would write, “Every new object, well contemplated, opens up a new
organ within us.”? For our immediate purposes it does not matter at all
whether we view the structures as innate but undeveloped (Chomsky and
Fodor) or as constituted entirely by interaction with. the environment (Pia-
get).® Whatis essential, however, is that werealize that education is concerned
with the development of cognitive structures. Let us consider one such
structure, its construction and its dependence on the feature of action—
the structure of the “group of translations.”®

Associated with the infant’s gradually attained conviction that external
objects possess an independent existence is his construction of a cognitive
structure based on simple spacial coordinations. Geometrically these might
be represented by such operations as: (a) AB +BC=AG; (b) AB+BA=0; (c)
AB + 0 = AB; (d) AC + CD = AB + BD. Through its own sensorimotor
coordinations, and the experience accompanying them, the child maps out
the laws of space. Perhaps this may first occur with the discovery of its own
hand, or develop through a game of peek-a-boo. But gradually a cognitive
structure is built up within the child out of its own actions that will allow it
later to coordinate not only its own bodily movements but also its mental
activities. Herein lies the critical point. Later cognitive activities rely on the
development of suitable mental structures, and the construction of these
structures is predicted primarily on action, not language. As Kurt Fischer
writes in a recent article, “All cognition starts with action. . . . the higher-
level cognitions of childhood and adulthood derive directly from these sen-
sorimotor actions: Representations are literally built from sensorimotor
action,”’1° Piaget writes:

From the most elementary sensorimotor actions (such as pushing and
pulling) to the most sophisticated intellectual operations, which are
interiorized actions, carried out mentally (e.g., joining together, putting
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in order, putting in one-to-one correspondence), knowledge is constantly
linked with actions or operations, that is, with transformations.!!

Piaget and subsequent workers have focused almost exclusively on those
inner structures associated with human cognition. I would like to suggest that
there exist two other aspects of the human psyche that demand similar
attention both by developmental psychologists and by educators. I will term
these the aesthetic and the ethical dimensions of the psyche. We may ask about
them the very same questions we have asked about cognitive development, but
for my purposes I will simply assert that development of a balanced life of
feeling and purposive moral action requires a similar basis in early aspects of
the child’s development. Furthermore, I would maintain that accommoda-
tion and assimilation play an important role in this arena also. If we would
have a child act kindly to another, lecturing or explaining about moral
conduct is to demand a formal operative capacity of the child that it simply
does not possess. Clearly, one’s actions should set an example worthy of
imitation. Similarly, the cultivation of a balanced life of feelings depends on
an environment in which the use of color, form, materials, song, all unite to
create a surround that fills the child with a lively experience of the beautiful.
As for ethical conduct, so also for the beautiful. To lecture the five-year-old on
aesthetics is a commonsensical absurdity. Yet by ignoring its active counter-
part, one creates a void in childhood that cripples the child for later
experience, action, and knowledge in just that dimension. One task of
education, then, is to cultivate faculties that will later allow for perception
and discernment in the ethical, aesthetic, and intellectual domains of human
experience. We may turn to a rather unorthodox source for good counsel in
this educational matter. Plotinus, writing of beauty and the faculty whereby it
is apprehended, writes in the Ennead, “Beauty’’:

For the eye must be adapted to what is to be seen, have some likeness to it,
if it would give itself to contemplation. No eye that has not become like
unto the sun will ever look upon the sun; nor will any that is not beautiful
look upon the beautiful. Let each one therefore become godlike and
beautiful who would contemplate the divine and beautiful.!?

The “structures” or more metaphorically the “organs’” that are required for
cognition and for aesthetic and ethical judgment form themselves through
action, imitation, and assimilation during early childhood. The Greek triad
of the Good, the Beautiful, and the True still retains its significance as an
educational ideal even in an age of relativism.

Itis against this vision of child development that we must examine the place
of computers in education. Certainly if one defines education in an impov-
erished way as the transmission of information and skills, then different and
lesser questions will arise. But one can maintain, as I would, that up to at least
the age of seven years we are seeking to nurture those capacities or structures

Computer Pedagogy?

on which subsequent development depends. In this context the place of the
computer in early childhood education mustcome under very careful scrutiny,

STAGES

Few aspects of Piaget’s theory have undergone greater critical discussion than
his conviction that cognitive development proceeds by stages relatively unaf-
fected by teaching efforts. That there is a natural rhythm to the development of
the child is also a principle of Waldorf pedagogy, one that largely determines
the content and form of presentation used in their classrooms. While the
problem is highly complex, I would like to use some of the concepts of Piaget

- and Fischer without entering into the debate as to exactly when certain mental

operations or functions reach maturity. Nevertheless, my questions regarding
the use of computers in education depend ona developmental scheme. It is my
conviction that the vast quantity of empirical evidence supports such a view,
although detailed knowledge of the psychogenesis of specific structures or
operational skills may be faulty.

As is well known, Piaget recognizes three major periods: (1) the period of
sensorimotor intelligence; (2) the period of preparation and of organization of
concrete operations; (3) the period of formal operations.!? Likewise, Fischer
speaks of three “tiers”: (1) sensorimotor, (2) representation, and (3) abstract.'*
The first of Piaget’s periods lasts from birth through the second year. Here
there is a “prefiguration” in action and spacial coordination of mental opera-
tions that will appear later. For example, “on a small scale and on the
practical level, we see here exactly the same operation of progressive decen-
tration which we will then rediscover on the representative level in terms of
mental operations and not simply actions.”'?

The second period, of concrete operations, extends from two to about twelve
years, and contains two subperiods—one of preparation but with only pre-
operatory structure, and a second of concrete-operatory structures. Here
mental operations develop but are restricted to those that bear on manipulable
objects. Only with the onset of formal operations at age twelve do we see the
capability to manipulate verbal propositions and abstract logical elements.

Piaget maintains that these stages are relatively immune to acceleration
through training. Others will disagree. More to the point, however, is not
whether one can accelerate normal development of formal operational skills
but whether we skould do so. Here it is a matter of informed judgment based
not on the short-term goal of intellectual prowess but on long-term objectives
that will include social and emotional dimensions as well. The recent raft of
studies, books, and monographs on the dangers of early schooling should
certainly restrain our optimism that artificially induced precocity yields long-
term benefits.16 If we can restrain our arrogance and allow ourselves to be
guided by the child itself, then our task as educators should be to cultivate
those facets of the child’s nature that are critically active at that time. For
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example, in the first years when action, imitation, and imagination (or
symbolic play) are vitally important, the child should not be set at a desk and
drilled. Play should be allowed full space and encouragement. The objects of
the nursery should be as simple as possible to enhance and even demand
imaginative action (assimilation). A primitive doll made of a knotted
handkerchief is infinitely superior to the usual explicitly membered and
painted dolls replete with sounds, bed-wetting, and microprocessor control.

With these considerations we (at last) encounter certain of my fundamental
concerns about computers in education. In our enthusiasm to do whatever is
possible we neglect, as Weizenbaum writes, to ask whether we should.’” By
providing so completely for our children, do we not deprive them of their most
creative faculties? By creating images for them, whether through television or
a rouged doll’s face, we still the imagination and blunt the senses. Waldorf
nursery teachers constantly remark on the difference between “T.V. children”
and those without television in the home. T.V. children do not know how to
play, they cannot imagine what to do. If they are shown something to do, they
perform it mechanically, without variation. It often takes months before the
pine cone becomes a loaf of bread.

Let us ask this same question of the computer. Will it subvert or usurp,
through its own extraordinary power, those capacities we should be seeking to
cultivate in the young?

COMPUTERS IN EDUCATION

I should begin by making it completely clear that I am not a flat-earther. In
my work as a physicist and teacher I use computers, large and small, con-
stantly—whether to interactively run complex experiments in laser spectros-
copy, to perform calculations, or to write this article. Perhaps because of this,
the “mystique” of the computer has faded the more I have grown torespect its
usefulness. The idiocy of those who maintain that one must start young to
master the machine can be explained only by their complete unfamiliarity
with computers. It is not a piano, which demands years of training and
practice to operate. Especially as more and more effort goes into making
programs or canned packages “‘user friendly,” the computer becomes in-
creasingly easy to use. This is not to imply that no intellectually exciting
horizons exist in computer science, but that is an entirely different question.

Let me also say that I see little harm in encouraging adolescents (older than
about twelve years) to use the computer. I would hasten to add that any
curriculum should be balanced with vigorous programs in more traditional
subjects including the arts, but this is obvious. My questions primarily
concern the child at those stages of development before the “abstract” or
formal operation period, that is, before the age of twelve.

We are used to hearing complaints about computers’ replacing the teacher.
As serious as this is, my primary concern is that the computer may replace the
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growing child. Consider the various components of any computer system: the
central processing unit (CPU), the memory, and an input-output (I-O) device.
Imagine the most powerful computer you care to: The CPU runs at blazing
speed, the memory is practically infinite, and the I-O device is the most
sophisticated touch-screen, color-graphics unit conceivable. Now add to this
impressive hardware the software that certainly will one day be possible. Itisa
completely conversational and interactive language cueing not only on
keystrokes, but perhaps on verbal or gestural commands. In one scenario this
might be utopia for a computer-based pedagogy. To me it presents the
problems in their most intense form.

The computer is like a fragmented projection of the human psyche. Each of
its functions replaces one of our own. Just as we have replaced the child’s
active imagination (that is, the exercise of assimilation) through television
imagery and certain toys, so the computer has the potential to replace nearly
all the mental functions of the child. For example, memory has been found to
be an essential factor in the successful operation of transitivity (A =B, B=_,
so A = C).1* We may possess the ability to perform this operation, but be
prevented from doing so by an inability to retain all the elements in memory.
The development of this operational ability depends, therefore, indirectly on
the strengthening of memory. Reliance on an external device—the com-
puter—can easily weaken that faculty. I would maintain that entirely similar
arguments can be made with regard to the computational and logical
functions of the CPU and program elements. These can replace and thereby
undermine the development of corresponding faculties in the child. If the
capacity to imagine has been undercut by television, interactive computer
graphics threatens to complete the assault. Simply by pressing a button the
child can transform his visual field at will. The use of language is here
intentional, for there is clearly no will involved. The child is a passive doodler
in such a situation, captivated by the images it can apparently create. But there
is no creation here either. All these activities have been usurped by the
machine. No one would contend that physical therapy is obsolete because the
wheelchair has been invented. Neither should the computer be allowed to
assume those functions that act as the foci for child development just because
it can do so.

We may now profitably turn to another of the points discussed earlier—
action. Piaget and others constantly stress that later mental operations are
interiorizations of earlier sensorimotor activity. This has been a basic tenet of
Waldorf pedagogy for over sixty years. Waldorf teachers, following Steiner’s
suggestions, commonly have their students run a triangle before proving that
the sum of its interior angles is 180 degrees. Seymour Papert in his book Mind-
storms recognizes this element fully.'® In order to do “turtle geometry,”” one
should walk the pattern. By observing what the body does we have the basis for
both a concrete representation and later the formal or abstract description of
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that operation. The learning of represented and abstract operations must be
based in action. But the computer distances us from action. It may assist in the
development of formal operative functions, but it fundamentally interferes
with learning at previous levels. We first execute geometry and mathematics
through the coordinated activity of the body. The natural transition to the
concrete or representational stage can be provided simply by pencil, paper,
compass, and straight-edge. The equipment should be kept minimal, never
intruding or exercising its own volition. The straight line should be drawn
by the child, not the computer. Once again turtle geometry ultimately usurps
important activities essential for the child’s cognitive development. The turtle
moves, not the child.

I have written about the computer as potential usurper of actions and as-
similation, processes necessary for childhood development. I shall finish by
considering that extraordinarily important function accommodation, which,
as I described, is responsible for the formation of new cognitive structures.
Moreover, I maintained that it is responsible also for the formation of
aesthetic and moral structures. In truth these three are inseparable aspects of
the process of accommodation. When the child imitates it cannot filter out the
cognitive component of the lesson from its aesthetic and moral aspects. It
imitates the whole, and the whole should be worthy of imitation. Yet the use
of the computer is predicated on the assumption that cognitive structures can
be cultivated in an aesthetically and ethically neutral environment. This is
pure illusion. “No values” is just as much an ethical system as one that gives
full conscious attention to them.

We must ask, in what sense can the child imitate a computer or its display? A
pictorial answer is perhaps provided by the video-game imitations that fill
current childhood behavior. The sounds and movements of Pac-Man become
the movements of play. As much as I love technology, this image fills me with
revulsion. On a less visceral level we may query after the cognitive structures
we hope to induce via computer. If we learn, as Piaget maintains, through
interaction of subject and object, indeed through actions in which “subject
and objects are fused,”’?° if new structures depend on the profound imitative
capacity of childhood, in what sense can computers teach? Shall small chil-
dren mimic CRT displays? Are the structures thereby induced the ones we
wish to fill our society?

Put simply, the world of childhood, environment and teacher, should be
filled with the movements, patterns, emotions, images, and actions that, when
transformed, should underlie adultintellectual, emotional, and moral life. By
attempting to neglect the inevitable presence of the latter two, and by inserting
what is properly a device involving formal operations into earlier periods of
child development, we risk doing violence to the orderly and natural course of
child development. Time and again, we have attempted to outdo, speed up, or
improve on nature. Technological advance is predicated on our ability to do
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s0. Yet we must ask what should be done, what in the light of our best
understanding of child development is an appropriate use of a powerful
technology, and what is inappropriate.
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Light and Glass
ARTHUR G. ZAJONC

At the close of the twelfth century a nmracle recurred i a town
sixty miles southwest of Paris. Similar occurrences had been gomg
on for hundreds, indeed, thousands of vears there and clsewhere,
but just then what had been prepared for centuries in Egypr,
Greece, Mesopotamia and Europe flowered ina way that has nor
been equalled since. It was a miracle of hght and carth.

Had you been there you would have scenartisans in preparation.
gathering and drying beechwood logs from the forests, plaomg
them together and setting them ablaze. The purcashes so produc .
free of stones and soil, were carefully collected Nearby a furnace
of stone and clay was being erected, fifteen feet long, ten tectwide
and four feet high. Others were at the river gathering the fine
sand, prepared and dleansed by the flowing nver’s watais - Twe
parts of the beechwood ash were mixed with one part of the sand
and heated atop the upper hearth of the furnace tora dav and g
night. Then, at eveninguide, the frited nxeare of ash and sand
was ladled into clay poss. and dry wood was added o the fin
throughout the night Wi the first hightof day the metamorphoss
was complete: sand and ah, tansmuted by fire had become TANINN
A substance of the carth had been transformed at the heartly of
Hephaestus to become gomstones for a stained glass window m
the cathedral at Chartres Regardless of the color, the process was
the same. Working with blowpipe and knife to shape in ghass the
mighty Christian-Platonc imaginations of God and universc, the
medicval artisan re-enacted a practice that had originated mancent
Egypt—the manufacture of glass and the adornment of Gaod'
creation.
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The mystery of glass is inseparably linked to the mystery jof
light. Glass without light is dark, lifeless. Walk.into the- vast na" e
of Chartres at night illumined by the flick ring light of thé votive
candles and the great walls of glass stand mute, aslt_ep until t‘{h
first light of day. ‘

When completely clear, glass is mvxsnble although su‘bstann}al
Like hght it possesses the paradoxical character of being somethihg
and yet in another way being nothing.. Like the eye, being selfleks,
it remains unseen.so that other thmgs may be seen through it.

Likewise light, cternally: unseen, selflessly illumines of ir woild "

while its:own' nature ‘seems. fotevcr to clude our gmsp .
water and air; light creates transparency For Aristotle light was
Just this action; the “actualization‘of thy ..pbtenually transparen "
That is, under the aegis of light certain: media—until then dark{—
could be hftcd into transparency. It happens every time you tu
on the room lights. Light was not a substance for Aristotle but a
potent, actualizing force that, in a sense;: completed the alchemical
task of the fire. In the glass-maker’s furnace earth was freed of jts
dross, of its opacity in order to become. potentxally transpare
glass; but without light its crystalline qualities remain conceal
awamng, like a sleeping princess, the kiss of light. -
What is the character of light? How has our understanding jof
its nature changed over time, and in what relationship to it do we
stand?
In 1901 the physicist Max Planck reluctantly advanced the
hypothesis that light was quamlzed that is to say, that the structure
or organization of light was in certain respects fragmemed or
atomized. Between the time of his proposal and the appearanceiof
P.A.M. Dirac’s famous text The Principles. of Quantum Mechanics
in 1930, the quantum thcory of: ‘matter and . of light: underwém
enormous-development attalnmg, in all essentials, thé form. it h;ts
today. With it a new scientific imagination of light and substanice
was injected.into the: thought-life of the world. :%
During  just ‘these same years ‘Rudolf Steirier was energencally
advancing his “spiritual science” thlrough lectures and books.
propo'sed a re-imagination of the world and man even more Iﬂlt—readi- -
ing than that being put forward by physicists at the turn: of t:he
century. Part of that re-imagination was an understandmg of li ht
as havmg arisén from the dec:ds of spmtual bemgs whose inner’ rfc
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became over time the outer world we inhabit today. One cannot
help but ask, what if any relationship exists between these two very
distinct 1mpulses that so powerfully entered the spiritual sphere of
mankind at the dawn of the twentieth century?

Perhaps ironically, I feel that to answer that question we must
begin with the Greck understanding of light, and particularly of
vision. Against that background we can trace the evolution of man's
understanding of light as a history of consciousness whose logical
endpoint is the quantum theory of light.

Greek Vision

In antiquity the Greek conceptlon of light displays the markmg@
of human and spiritual experience. Consider for example the views
of Empedocles and of Plato, who suggest that in order for sight to
occur not one but fwo lights must be active, the external light of the
sun and the internal light of the eye. Empedocles poetically describes
the eye as like a lantern fitted round closely with membranes that
protect the subtle luminous fire of the eye from the elements of
nature. From the eye ray out beams as if from a lantern on a stormy
night. Plato provides greater detail writing of the eye's emanation
as mingling with daylight to form thereby a bridge or medium along
which the sense of sight may operate. If the exterior light is absent
the world is dark; if the interior is lacking then one is blind.

The notion of a radiant fire interior to the eye is alicn to modern
science, and yet it was so clearly self-evident to the ancient mind
that the view persisted in various forms through the Middle Ages.
I would suggest that to the ancient Greek the experience of vision
was one in which the spiritual activity of secing was given a standing
equal to or greater than physical causation. They sensed a very real
spiritual or “ethereal” emanation from the eye as part of the action
of seeing. As time passed the vitality of that experience faded and
the fossilized vestiges of the Greek view became part of a codified
tradition to be found for example in the brilliant books of Euclid on
the geometry of sight.

In that process of evolution the eye gradually became a passive
camera obscura, or “dark chamber,” on whose rear wall an image of
the world was projected. No longer was seeing a human activity,
but rather was understood as the inevitable consequence of the interac-
tion of light and a physical organ.
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In our century a new mcamng can be given to the, inner fire
the eye. The study of perception by psychologlsts has, in my view.
yielded an appreciation for the Greek experience that can be frame}]
in our own language. For over two hundred years physicians havi
been performing cataract operations on patients who have been bli
since birth. Such operations offer us the opportunity to answer t
question first put to John Locke by Molyneux: If an adult, blind
from birth, were suddenly given perfect eyes what would he see? {f
sight is simply the natural response of a passive physical organ, the
the hitherto unexperienced world of color, form, objects...every:
thing, should flash into one's soul from the first moment the bandages
are removed. This was, in fact, what patients and physicians expected.
The sad and sometimes even tragic truth is, however, that the patient,
now with perfect eyes, has the physical apparatus but still lacks the
faculty of sight. Within the new visual organs a fire of intelligende
needs to be kindled, and far more must be learned than we ca
imagine. The congenitally blind once given the physical ability fo§r
sight truly begins by seeing nothing and only very gradually, and
often very painfully, learns to see extremely poorly. Most give uj
the project as too exhausting, going back to the less taxing an
confusing world of blindness, literally reverting to a sightless world. ;

When I say that they see nothing I mean, of course, not that the;
lack raw sensations, but only that they can initially make n"othing
whatsoever out of them. I think of the sad case of an eight-year-ol;
lad who after his operation was asked what he saw. His physiciah
waved his hand before his unflinching eyes. Nothing. But then whe
asked to reach out he could, by touch, see the hand, crying out
excitedly that yes he saw it now, and so learned to follow its slov
movement across his field of view. But such progress was painfull;
slow and easily forgotten. The evidence of nearly seventy case studic{
shows that none ended with the subject seeing even as well as a child
of three.

These facts should alert us to the wise activity that takes place 1'1
every one of our senses when we use them. Without a soul—spmtuihl
activity of impressive scope we would be completely cut off from
our surroundings. Seeing does indeed require f‘uncnomng organs an
an external light, but an inner soul-spiritual light is necded as wcll
I would suggest that when the Greeks, or Rudolf Steiner, speak
an emanation from the eyes, we should understand that the fire df
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our will is joined with an extraordinary if inconspicuous intelligence
that reaches out to the objects of perception. That intelligence is
developed in early childhood when in our first three years we miracul-
ously learn to walk, to speak, and also to organize the basis for our
future life of thought.! The all-important aspect of thinking that
forms raw sensations into meaningful impresions, of joining concept
to percept, must not be overlooked or underestimated. Like walking
or speaking, if sceing is not learned in childhood then it is essciitially
impossible to regain. The powerful forces that make this growth
possible—forces that Steiner says are connected to the Christ—arc
no longer available to us in the natural way they were during our
first three years. :

‘The light of thinking is a mcnphm possessed of real truth. During
our early childhood a light is kindled within us, as Empedocles
suggested. Without it we remain blind. We must bring our own
light into the world to call its dark images to life. The glass images

~at Chartres remain silent without the light of day. Without the real

light of our soul, so too would the infinite potential of nature never
rise to expression. The world can only sing through us (as it did
through Orpheus) as we play the instruments we have been given.
Light is, as Aristotle says, an agency of actualization, of calling forth
into being what rests latent around us. The ability for sceing was
kindled in us by the first light of the world. St. Bernard was right
when he saw in the penetration by light of the stained glass an image
of Christ’s conception and birth through the Virgin, His light con-
ceives:in us during childhood, all unawares, the light of the eye, that
will be born as the gift of seeing.

Corporeal and Electrncal Light

By the'time: of thc Scientific Revolution of the sixteenth century,
views regarding the nature of light had undergone enormous trans-

formation, especially at the hands of brilliant Arab opticians. The

views of Plato and Aristotle at which [ have hinted, views still sensitive
to ‘spiritual and human dimensions of light, were discarded and in
their place arose an essentially materialistic understanding of light.
Two theories were established in the course of the seventeenth and
eighteenth centuries. One proposed light as an effect arising from
small physical bodies, while the second supposed light to be a move-
ment ot disturbance in a material medinm. The former view found
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its most complete explication in lsaac Newton. It domix!,{ated
cighteenth century scientific thought until Fresnel and others suckess-
fully resurrected the competing wave theory of light that had ig)een
initially advanced by Christian Huygens contemporaneously lwith
Newton's corpuscular view. l
The specifics of the theories need not concern us here. Whatlis of
significance for us is that both scientists conceived of light in tprms
of images drawn from the well-known material world around them.
In the one case the image, appropriately provided by the Dutchiman
Huygens, whose life was surrounded by water, is one of wave.mo-
tion. In the second instance Newton, the architect of gravitational
theory and physical dynamics, advanced a theory of light as bing
variously-sized, immutable corpuscles. Both hypotheses draw their
image entirely by analogy with physical sense experience. A trend
begun already in the Arabic scientific community reaches here a
logical conclusicn: Light is a corporeal body alike in all essentigls to
every other physical body, even if light is enormously smaller}
These two physical hypotheses regarding the nature of light ba%ttled
one another until the mid-nineteenth century whena startling sugges-
tion was put forward by James Clerk Maxwell. Based on his analysis
of the electrical researches of Michael Faraday, he suggested that é‘ight
should be thought of not as a physical body but as an electrical
disturbance. The equations of electromagnetism that now carr{ his
name, the so-called Maxwell equations, can be recast into the form
of a “wave equation” that describes, in this instance, the motios not
of a water wave but of an electrical wave. This result, takeh together
with the concept of “field” first suggested by Faraday, pltimately
revolutionized the nineteenth century’s scientific image oflight. Light
was now to be understood as fundamentally connected to electricity.
The evolution of light from ethereal emanation to a corporeal Body
and then on to an electrical phenomenon is tremendously interesting.
I see it as evidence for an evolution of consciousness, for a: hiéj,tory
of mind that reflects Rudolf Steiner’s description of the evolutidn of
man. In his “Letters to the Members” he summarizes the thonght

development of man in the following way: C

H
¥

In the evolution of mankind, Consciousness comes down, step b}2
step, along the ladder of Thought-development. There is a first
stage of consciousness: here Man realizes Thoughts in his I, a¥
Beings imbued with Spirit, Soul and Life. Then comes a secondl
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stage, where Man realizes Thoughts in his astral body. Here they
appear rather as living and soul-endowed linages of the Spirit-Be-
ings. At a third stage, the Thoughts are realized in Man’s cther
body; here they are only an inner life-stir, like the after-echo of a
life of soul. At the fourth stage, the present one, Thoughts are

realized by Man in his physical body, and represent dead Shadows
of the Spirit.?

What we witness in the transition from the Greek imagination of
light to that of Newton is, I believe, an instance of the development
of consciousness from stage three to stage four. In the Greek experi-
ence of light something of the life of light still stirred; it was still a
vital phenomenon to which man’s own activity was linked in essential
ways. By the seventeenth century such sensibilities had passed away
to make room for the shadowy image of light as merely a physical
body. Had we gone back earlier before the Greek to the Egyptian
and Persian imaginations of light, we would have encountered “pre-
scientific” images in which light was unthinkable as separate from a
spiritual being of the Sun: Ra for the Egyptian and Ahura Mazdao
for the Persian. In those civilizations one reaches back to earlier stages
in the imaginal history of light. But our concern at present is with
more recent developments and their import,
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The. history of light did not cease with Isaac Newton. Max ell’s
clectromagnetic theory of light took the development one {step
further, for no longer could light be understood as something analog-
ous to the physical objects around us, but rather it was to be likzned
to what is in fact an invisible, or “sub-sensible” reality, namely
electricity. To illuminate this further stage of development I would

. . Y , %
like to point to Rudolf Steiner’s discussions of the four eleménts,
ethers and “fallen” ethers. 3

Ethers, Elements, and Electromagnetism

The ancient Greeks saw the entire “sub-lunar” world as comp osed
of four elements: Earth, Water, Air and Fire. Every object in s¢ far
as it was solid was possessed of the quality of Earth; in so far as it
was fluid it had the quality of Water; in that it was areoform itjwas
Air; and its warmth was due to the presence of the element of Fire.
Within our planetary domain the elements appear to us now in
mingled and impure forms, but nonetheless all things were concejved
of by the Greek mind as made of only these four elements, |

In numerous books and lectures Rudolf Steiner elaborates on the
original perception of the Greeks with regard to the four elenients
by adding to the physical elements other “etheric” elements, termed
“ethers,” of a purely spiritual character. Already with the elethent
of Fire one encounters a transitional case, for warmth is unlike the
other elements in that it can permeate all three others but cannot
have a physical existence apart from them. Steiner speaks abolit it
as a bridge to the etheric world.

In the course of world evolution three other ethers arose: the light
ether, the tone ether and the life ether.® Within the compass of; this
brief article I cannot provide an adequate picture of the ethers;ibut
for our purposes it will be sufficient to connect them with the third
developmental stage, the Greek stage, specified in the earlier q ";aota-»
tion. In so far as thoughts are realized in man’s own ether body they
still display a vitality, a mobility in their formation that shows itself
to be an “after-echo” of the supersensible origins of thought. ‘i he
Greek understanding of vision with its vivid account of the intgrior
fire of the eye reveals still a feeling for the supersensible charactér of
light. They yet sensed, I believe, the place of light in the cos-méxzs as
an etheric reality whose ultimate origins were to be envisioned in
myth. Rudolf Steiner also provides a beautiful account of the geﬁcsis
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of light, one to which we will refer later.

The transition from the Greek imagination of light to that which
arose following the Scientific Revolution represents a movement in
consciousness from living to essentially lifeless thinking. The rise of
materialism, whether in one’s view of light or anything else, is a
reflection of just this turning within man. Thoughts no longer light
up within the etheric body of man as they once did, but now take
hold of our physical nature.* The theories advanced by Newton or
Huygens should be understood in this light. They are not advanced
today because of new scientific discoveries nor by new data that calls
for the overthrow of antiquated ideas. Rather one should understand
the evolution and growth of science as an expression of deeper inner
transformations in the soul-spiritual nature of man and mankind.
The corpuscular and wave theories of light were physical theories,
and as such accurately reflected the changed soul-spiritual nature of
man in-the seventeenth and eighteenth centuries.

In view of this, how can one understand the rise of the elec-
tromagnetic theory of light in the nineteenth century? Of what is it
a reflection? And what about the current state of science with its
quantum theory and relativity?

Here one can turn to a further elaboration of the concept of the
ethers. Rudolf Steiner describes three “fallen” ethers as counterparts
to the three higher ethers (light, tone and life ethers). Each of the
ethers has in part fallen prey to the work of adversarial beings whom
Steiner calls by their mythic names: Lucifer, Ahriman and the Asuras.
Under their influence a new fallen etheric domain is created. The
fallen light-ether Steiner identifies with electricity, the fallen tone-
ether he connects with magnetism, and the fallen life-ether with a
so-called “third force.”®

Against this background 1 would suggest that one sces in the
electromagnetic theory of light a further evolutionary stage in which
man has descended even further from physical-material theories to
“sub-physical” theories. Thoughts do not naturally light up within
our etheric bodies as they did for the ancient Greek. | would suggest

~ that at least within the scientific community, neither do thoughts

grasp the physical body as they did in Newton’s time. Now they
descend still further to a fallen etheric domain in which we too
participate. Nor did the development stop with the electromagnetic
theory of Faraday and Maxwell, but continues on to this day showing
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itself particularly vividly in the modern quantum theory of liglit. In
this, light takes on an extraordinary non-physical character that s ems
constantly to defy the concepts of classical physics, that is to sa t the
physics of Newton and the thinking that is'imaged in the phyisical
body (stage four). ;

~ Itis important to remark at this point that the recent developrrents
in the §cientiﬁc understanding of light from Faraday on, are doyble-
edged in nature. On the one hand as they are traditionally prcse‘ited
thgse theories continue the descent of thought still further intotdo-
mains ruled by adversarial beings. Yet they also, even in their fillen
guise, reveal their higher origins. Faraday’s concept of “field” isrich
with implications, and the contemporary dialogue around the “hew
physics” and the paradoxes of quantum mechanics provide maghifi-
cent challenges to the inflexible, lifeless modes of thinking born With
_thc Scientific Revolution. Yet for all that they lack an essenltial-clerg’ent
if one would macve from natural science to spiritual science, nanhely

what is sometimes called by Goethe the “moral dimensions” ofjour
natural world.

Light as Deed -

Just at the time Max Planck was first advancing his proposal bf a
quantum theory of light—that is, just as thoughts on light were
descending to the level of the third fallen ether—Rudolf Steiner, then
forl:y years of age, began to lecture regarding his spiritiial understand-
ing of man and universe, Implicit in that action was an attempt to
“redeem thinking,” as he would later call it. That is, to so re-enliyen
thinking that what was once a reality for the Greek mind wduld
become so again for us, but now through a kind of self--conscic} us
alchemical transformation of the human soul. No longer would smcli
thinking be “natural,” a gift from the gods, but would rather beithe
fruit of human self-development. :

Steiner recognized the scientific work of Goethe to be an important
step along this path.® In it was initiated a science of natural phenomgna
that appreciated the full range of human experience in nature, gﬁhy
a.fctcnding with utmost care to the phenomena themselves, the im%es-—
tigator not only learned to sense, and in fact see nature’s lawfulngss
but following Goethe’s scientific method an important added nua} c«;
remained that would be expunged through the method of orthodox
saence. For Goethe urged the investigator to develop 2 kiud;: of
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objective life of feclings, for example in onc’s relation to color,
Through steeping oneselfina particular color experience and listening
for the soul-echo it calls forth, an inner or psychological dimension
to color can become part of the investigator’s realm.” Just such aspects
are, of course, excluded from the facts of normal science, and yet
they provide the subtle nourishment required for the development
of spiritual organs of cognition.

Engagement with the natural world in accordance with Goethe's
scientific method, therefore, offers the possibility for a reanimation
of thinking. To an enlivened thinking the delicate, soul character of
the phenomenal world can gradually become more and more articu-
late. It is no accident that an artist of the highest order first suggested
this mode of scientific inquiry, for in it science and art are bound
together. Under the influence of the striving that here occurs, new
stirrings arise in man’s ether body and, in the world imagination
provided by Steiner, our strivings are answered by the harmonious
responses of spiritual beings, foremost among them the powerful
archangel Michael. Steiner characterizes his response in the following
words:

Michael's mission is to convey to men’s ether-bodies those forces
by which the Thought-Shadows may again acquire life. To these
new-enlivened Shadows, Souls and Spirits from the supersensible
worlds above will incline themselves. And with these, Man, un-
bound ar:;d free, will be able to dwell, even as he dwelt with them
of old...

Gradually, as new faculties of cognition unfold and a new, en-
livened thinking dawns, ancient imaginations will take on new voices

~ and present themselves in contemporary dress. An example of this

is Rudolf Steiner’s account of the genesis of light according to his
spiritual scientific researches.

In a remote past, prior even to the creation of the Earth as we
now know it, angelic beings passed through a stage of their develop-
ment that can be likened to our own today. They too then possessed
an inner life of thought and moral action, for good and for ill. Their
inner life was as rich and challenging as ours is now. At the end of
that era all that they had thought and inwardly enacted, passed out
or died into the embrace of the higher hierarchies. In our present era
the thoughts of those angelic beings reappear as the light and darkness
of our world. The inner life of the past dies and becomes the future
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outer vesture of nature.? _ )
The implications of his account for our own inner life are; clear
and intimidating. The inner world we now cultivate, our tho:gghts,

feelings and actions are not of concern to us-alone. In a distant future
they too will “die and become,” they too will form the light and:
darkness of a future world. We become thereby a community of
creator-beings who slowly rise to self~conscxou5 partlcxpatx on in
world formation.

I think back to the miracle of glass-making enacted in the \lvork-
shops that surrounded the rising walls of the great cathc ral at
Chartres. The transformation of sand and ash by the action of fire
to become the potentially luminous gemstones that would forin the
walls of the Heavenly City, seems an apt metaphor for the alchemy
of soul manifested in our struggles to make of ourselves a pellucid
vehicle for the Logos-Light of Christ. If the miracle of the Virgin
Birth is recapitulated every dawn through the windows at Chartres,
then in us also a birth occurs with every effort we make to take a
gemstone from the hearth of our soul, and holding it beside tHe like
work of our neighbor, we together wait for the first light of dawsj.

[y
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