Machme That Learns

Concerning Machina docilis, descendant of Machina

speculatrix, the small imitation of life that was

described in the May, 1950, issue of this magaxzine

HIS ARTICLE is a sequel to one
Tpub]ished here last year which
described experiments with a sim-
ple little machine designed to mimic
certain elementary features of animal be-
havior (“An Imitation of Life,” Scien-
TIFIC AMERICAN, May, 1950). Consist-
ing only of two vacuum tubes, two
motors, a photoelectric cell and a touch
contact, all enclosed in a tortoise-shaped
shell, the model was a species of artificial
creature which could explore its sur-
roundings and seek out favorable condi-
tions. It was named Machina speculatrix.
Although it possessed just three simple
characteristics—the properties of being
attracted to moderate light and repelled
by bright light or by material obstacles—
M. speculatrix displayed complex and
unpredictable habits of behavior, resem-
bling in some ways the random variabili-
ty, or “free will,” of an animal’s responses
to stimuli. But its responses were in no
way modified by experience; in other
words, it lacked the power to learn.
We have gone on from that early
model to the design of a more advanced
mechanical creature which does possess
the ability to learn. The present report
will deseribe this new creature, named
M. docilis from the Latin word meaning
teachable.
The mechanism of learning is of
course one of the most enthralling and
baffling mysteries in the field of biology.
In its simplest experimental form modi-
fication of behavior by experience is
often called “conditioning,” a term sug-
gested by the Russian physiologist I. P.
Pavlov, whose original experimeflts on
“conditioned reflexes” brought the study
of higher nervous function into the realm
of brain physiology. The basic event in
this form of learning is that an unrelated
stimulus, when repeatedly coupled with
one that evokes a certain response, comes
to acquire the meaning of the original
stimulus. In the classical experiments on
animals the activity used as the basis for
conditioning was a simple reflex—the
flow of saliva when food enters the
mouth, or the withdrawal of a leg when
a painful stimulus is given to the foot.
The food or the pain is called the uncon-
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ditioned, or specific, stimulus. The con-
ditioned, or neutral, stimulus to which
the animal is trained to respond with the
same behavior can be any event to
which the animal is sensitive: a light, a
sound, a touch—anything at all. If, for
example, a bell is rung on 10 or 20 occa-
sions just as food is offered, the flow of
saliva, which originally occurred only
at the sight of the food, eventually is
conditioned to begin as soon as the bell
is rung. After about 20 more repetitions
the bell alone, without the presence of
food, evokes almost as copious a flow
of saliva as does the food itself. One may
say that the bell comes to “mean” food.

SUCH learning is of course perfectly
familiar in ourselves and is the basis
of all animal training. Indeed it has been
argued that all learning is based on con-
ditioning, for any bodily function can be
made the basis of a conditioned reflex,
and one conditioned reflex can be built
on another. Even quite unconscious
changes, such as quickening of the pulse,
dilation of the pupils, a rise in blood su-
gar or a fall in temperature, can be “con-
ditioned” to some previously neutral
stimulus by mere repetition. In this way
it is possible to obtain control over func-
tions originally quite involuntary. A man
can “learn” to slow his pulse, flush, go
?ale, secrete sugar in his urine and so
orth by a process of simple condition-
ing. This process may be conscious and
deliberate, and such training accounts
for the feats of Yogi fakirs. It may also
be unconscious and even undesired by
the subject, sometimes producing “psy-
chosomatic” disorders, in which symp-
toms of bodily disease are attributable to
nervous strain or conflict.

In spite of the vast mass of empirical
information collected by Pavlov and his
pupils; we still do not understand the
process whereby the neutral stimulus ac-
quires the meaning of the original one.
But it is clear that one of the principal
requirements for this associative learn-
ing is a complex mechanism of memory,
capable not only of storing the traces of
the two series of cvents but also of pro-
viding the information that the coinci-

cence between the two is greater than
would be expected by chance. The cre-
ation of such a memory mechanism was
the problem to which we addressed our-
selves in designing M. docilis.

Our carlier model, M. speculatrix, had
a very clementary form of memory, In
order to get around an obstacle it en-
countered, the model had to remember
it long enough to get well away from the
hindrance before resuming its journey to
the attracting light. Even among living
creatures such a memory is not univer-
sal; the absence or brevity of this mem-
ory accounts for the tireless and ineffec-
tive buzzing of a fly on a windowpane.
M. speculatrix’s elementary memory
works as follows: When the model
touches an obstacle, the contact closes a
circuit which converts its two-stage am-
plifier into an oscillator of the type
known as a “multivibrator.” The oscilla-
tions thus generated make the model
stop, turn, withdvaw, and go forward,
and these maneuvers ave repeated until
the contact is opened by clearance of the
obstacle. It is a characteristic of this sim-
ple circuit that while it is oscillating it
cannot amplify, so the model is blind to
the attracting light while circumventing
a material difficulty. Furthermore, even
after the touch contact is opened, one
more oscillatory discharge takes place,
and this ensures that the model moves
well away from the obstacle before re-
gaining its vision. The after-discharge in
the oscillatory circuit is an example of
the most elementary form of memory
trace, in which the internal effect of a
stimulus outlasts its external dur'f\tion.
Such an after-discharge is common in thg
reflex activity of the spinal cord of ani-
mals, and the more complex the reflex,
the longer the after-discharge is likely to
last. When you step on a tack, your leg
is withdrawn by reflex action, but the
withdrawal continues after your foot has
left the tack, so that when you straighten
your leg again it does not come down 0n
the same place.

N first analysis the problem of trans-
forming M. speculatrix into an
educable species seemed quite simple.












