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Fick. 2 {afoved. The “brain™ part of the machine.
Here the order of stimulation is recorded. Declsions
are made in i on the ¢owrse of aclion osing the
evidence of whal happened on previous occasions
and the information about the present situation, On
the input side there are the photocells, with func
tions analegous 1o the sense orpans: on the oulput
aide there is an on-oll relay which controls the
signal sent 1o the trolley. There ane also two
switches manually set before each rinl, which
determine the “motivation” of the machine and
thus which goal it will atlempt 1o reach. This
part of the machine is entirely electro-mechanical,
It is composed of relays and unisclectors. The
robusiness, simplicity and reliability of 1hess are of
greal advantage cspecially & high spoeds of opera-
lion arc not r{‘l:|||iz{‘l.| in e wypee of system, The
uniselectors are Turihermors ideal for the storape
ol serinl arders, (he principle on which the “memaory’
af this machine depends, The disadvantage af this
Lype ?rcn':hnl:l imend lies of course im its large welght
and size and 125 relatively high power consumption.
This means that it is hardly feasible 1o combine
the moving and “thinking™ partz of the machine
as is done in & biological orpanism. However this
1% nod i limitadion of principle. With miniature
componenty this unilication cpull ne doubl be
achieved.
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Fic | (below). A picture of
the tratley showing the lamp
which stimulates the photo-
cells. On the drolley are
bumpers which when teuche:d
cause one of the molors o
revergs, thus cawsing the
trafley to turn away from the
obastacle. The “brain" part
of the machine sends a
pulse 1o the trolley, when the
trolley s required to tumn.
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i)_umiogin-a have often been drawn between the operation
i the brain and the great electronic caleulating
ﬁ]:mhinﬁ_ Such comparisons, though interesting, have,
i the view of many, lacked complete plavsibility. There
fias a feeling that these machines lacked an element of
fiaptability and originality with which human organisms
here credited. Though these misgivings bhave been
guely expressed and need more careful definition, they
fontain an clement of importance. The ability to solve
new problem by wtilising information acquired on
fificrent occasions and under diverse circumstances has
jleen found even in such animals as the rat, The elas-
ity of this animal's behaviour can be demonstrated,
for instance, by its readiness to take short cuts as soon
8 they are presented in a maze which it has learnt.
fuch ability to solve fresh problems without further
farning has led the psychologist to speak of the
ffnimal’s previous learning as fnsgfifnd*

The machine to be described manifesis many of the
@roperties which would be called insightful if observed
# an animal. It is shown with this machine that these
Bivilitics are all properties or facets of a relatively simple
Sler. ’

NHREE MAIN COMPOMNENTS

¢ The machine consists of three main parts, The first
a small square trolley. This has a bulb mounted on
in such a way that a wide cone of light is projected

$orward, There are also bumpers fixed on the front edpe

nd the two sides. According to which of these bumpers
# touched, one of the two motors driving the twoe wheels

$ropelling the frolley is thrown into reverse. - This

auses the trolley to steer away from any obstacle with

$which it has come into contact as it moves around. One
&0 the motors is similarly reversed when the trolley

feceives an external puolse; while this pulse lasts the
frolley will turn, and when it stops both the motors turn
B the same direction again and the trolley goes forward,

The second part of the machine consists of a maze
With photocells mounted at intervals on the walls, It
would have boen possible though somewhat incon-
denient 1o fix the photocells on the trolley and put

#uitable signal-lights in the maze instead. To put the
fense organs in the environment instead of on the

imal does at first sight appear to destroy the analogy
fetween the rat and the machine. However, in spite of
s removal from the trolley the sensc-organ still per-

Horms the same function; it conveys to the machine the

i The word fnsiehtful refers to a type of behaviour which

fmnnot be explained by assuming that an animal when it is
$arning simply associates or connects a given signal or
Biimulus with a certain movement or response.  However,
@l the machines made with the express purpose of imitating

larming behaviour are based on this principle, Evidence

Yiccurnulated by experimental psychologists makes it dubious

whether this is the principle wnderlying even the simpler

#lorms of learning.

THE INSIGHTFUL LEARNING MACHINE

J. A. DEUTSCH, M.A.
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same information about its whereabouts as if it was
mounted on the moving trolley. 1t does this by means
of a separate “brain”,

The third part of the machine consists of relays and
uniselectors and fulfils the functions of the brain. It is
here that the information arrives and is sorted, and from
here that orders are sent to the moving parts. It consists
of zix uniselectors and twenty-three relays. It is there-
fore quite bulky. It could of course be made much
smaller if we wsed componenis like transistors, and
smaller still if 1t was possible to substitute nerve-cells.
We could, with a great deal of technical virtuosity, then
combine the trolley, the “sense-organs” and the “brain™
in one whole in the same way as they are combined in
an animal.

Mevertheless when we watch the trolley in the maze
we soon forget that §ls sense-orgams are not on the
trofiey but in the maze, In fact even those who know
the inverted arrangement intimately cannot help em-
ployving conventional terminolegy and talking of the
trolley “spotting a landmark™. Hence to recreate the
illusion for the reader we shall wse the phraseology
which would be appropriate to a real animal. The en-
vironment in which the machine shows its paces iz a
modified rat maze, a sequence of alleys only one of
which leads to the “goal”. The arrangement is shown
below,

GOAL

O ats first run the trofley is made to enter each alley
in turn. This 15 done by blocking off the various sec-
tions in turn, This is a procedure often used with rats,
and in this case it is an expedient which saves time in
demonstration and “storage capacity™ in the machine.
When the machine has thus traversed the whole maze
and reached the goal which is a photocell connected 1o
a particular section of the central relay system, it can
be set again at the entrance of the maze with afl the
blocks removed and set the task of finding the goal
again. This is simply done by turning a switch. Now
here it will be said that this is different from an animal.
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#in animal is spontancous. Tt sefs its own goals without
Sulernal manipulation. This s true. When we require
rat to go to the goal box we do not press a switch.
e have unfortumately to resort to food deprivation
tead, which though practically less convenient cam
#ormally be identified with turning a switch. The goal
Baving been set the trolley will now choose the correct
W2y 1o the goal avoiding any blind alleys.
§ If in the meantime we have ingerted a short-cut in
he mazre through which the trolley can “see’ a feature
garer the goal it will take this short-cut immediately
ithout any further learning.
The machine will repeat its performance time after
ime without entering a blind alley though no two runs
defined by the movements of the trolley are alike.
troliey can be picked up in ihe middie of a trial
d turned right round without “getting confused”.
nilarly it can learn to run the maze correctly even
ough on the learning trial it does not move.at all
rder its own steam amd 15 Just taken round by the
onstrator and “shown™ the maze. A machine em-

Podving Paviov's conditioning principles would not have

host of these abilities,

- After we have put the machine through its paces on
piic maZze it i now possible to make it learn a second
¥nc containing another goal, which it can “remember”
oncomitantly with the first. If the second ome has a
eature or landmark in common with the first as indi-
ted in the following dizgram we can set it an
teresting problem,

GOAL 2

COMMON
A LANDMARK

SGOAL |

If we place it at the entrance of the first maze
rom which it has learnt 1o find ‘its way to Goal 1 on a
previows occasion, we can set it to go to Goal 2 in the

fother maze. It has never in fact been from Maze 1 to
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Maze 2 before as the way was blocked, Nevertheless
it turns inte what was previously a blind alley when it
comes Lo the first choice point and goes towards the
common landmark, After reaching this it runs towards
Goal 2 withowt entering a blind alley. The machine may
thus be said to syvothesise “knowledge™ pained on
separale occasions to wse it in solving a new problem,
This type of ability is displayed by the rat in the latent
learning sitwation and N, R. F. Maier's experiments on
reasoning.

This kind of behaviour might perhaps be more par-
donably called poal-secking or purposive than that dis-
played by machines exhibiting simple tropism or merely
incorporating a homeostatic device. The mechanism of
tropism was suggested by Loeb at the turn of the century
and he is reputed to have built a cigar-box with a “nose”
which would follow a light. The reader may be familiar
with meore modern imitations, The present machine
uses a simplified version of the Loeb machine as a small
part of iis design. When the light on the trolley is
switched on the machine goes forward if the light from
it is falling on a selected photoceil and begins to turn
when this photocell 15 no longer dluminated.

On the learning trial only the goal photocell is
selected and before it is picked vp the machine will go
forward except when it turns because of an obstacle,
However, as it traverses the maze the other photocells
are triggered off. They are tripgered off in a certain
order. Some will be stimulated nearer in order to the
“moal™ cell, others farther away. This order is preserved
by means of uniselectors which connect each photocell
up to a particular position on a set of relays. A record
is thus kept of the order in which the photocells were
stimulated.

SHORT CUTS TO THE GOAL

When the machine s required to find the goal again,
the set of relays to which the photocells were connected
in order during the learning frial fransmils impulses
from the photocells to the trolley. But this set of relays
is so arranged that if a photocell which was fixed nearer
in order to the “"goal” photocell, has been set off by the
light, the ones farther away are temporarily discon-
nected. They cannot pass any further message to the
trofley which will thus always approach the photocell
nearest o the goal. Henee the machine avoids blind
alleys and takes short cuts,

Where a common landmark occurs in both mazes a
photocell is attached to two different orders or sequences
representing the two mazes. When one goal is then
selected, the order of photecells leading to it is also in-
directly brought into action. The excitalion which
causes this also travels through the receptor common to
both sequences and activates that part of the order
which represents the landmarks leading up to that
which is common. Thus the correct sequence of land-
marks to be approached is already selected in whichever
entrance of the maze the trolley 15 set,




