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¢+ Conslder the bhrain of the dog recently trained by
electric shock reinforcement to 1ift its left forepaw at
the sound of a bell, It is clear that the neural
mechanisns of the dog's brain have undergone some sort of
alteration as a result of the conditioning process in that
~the audltory impulses from the bell now set off a speclfic
forelinb recsponse vhich ordinarily they would not do and

did not do before the tralning.
that kind of cerebral slterations are responsible for

deflecting the sensory impulses from the bell toward the
particular motor patterns of the condltloned response? Or,
vhat :ind of troces have been left in the braln by the
training experience and in vhat type of pattern are the

menory traces or engrams implented? Ve con use this

1
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latter for a simple statement of the primary problem with

vhich we sghall be concerned, namely, "In vhat kind of

patteyn ore the neural enprems of a conditionsd reflex
1214 down?®

This restriction in scope to a simple éxample of
conditioned reflex learning may mean that much of vwhat
follows will not be applicable to other fundamentally
differsnt types of learning, if there be such, However,

a restricted attack has the advantage of making for concrete
1llustration and for the avoldance of confusion in a subject
 glready extremely complicated even at its simplest. In any
czee, wWe can rest assured that a satlsfactory physlological
explanation of even the simplest condlitloned reflex would

greatly 1lluminate the entire engranm problem and perhaps at
the game time many other Sﬁscurities of cerebral functlon,

In epnrosching the above problem, 1t will be helpful
1f ve put aside our conditioned dog for the time belng and
turn our attention temporarily to a somevha® dirferent but
related experiment in vhich one of our scientific colleagues,
rather then en enimal, serves as the experimental subject,
Suppose we strap our human subject firnly Into an
erperinentzl verslon of the eleetric chalr and plnoce his
1eft hend upon the electrieally wired ar of this chalr,
Vhen our friend is gettled in positlon, let us then warm
him that if he does not 1ift his lefd hand promptly at the

cound of the bell wvhich we plen to ring in a noment, he



wlll recelve in the hand a severely painful electric

shock of B0 volts or more,
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- Vhen ve sound the bell a few seconds later, we £ind, \
j\.)u‘ %4

/ of course, that our subject's hand comes-up-instzntlyy=

ir=Taot Just as promptly, if not more promptly, than does

the paw of the conditioned dog. [ For purposes of

comparison, let us suppose that we use the same bell to
signal our human subject that was used for conditioning
the éﬁg, so - that thé sengory stimulus and the motor
recponse in the two cases are virtually identical. Then,
:cr this voluntary response as for the conditloned
response, wWe can again ask: Vhat is the nature of the
elterations left in the brain fronm prior experience that
gause the bell stimulus to evoke this particular motor
reaction? (The prior experience in this latter iInstance,
of course, 1eg merely the verbal warning thatl preceded
the bell by a few secdnﬁa.

Wﬂ&h the case of-our-hunmn-cubjset, the new SR
lin=re between the bell and left hand movement lg hardly
to be afcounted for in terms of any kind of new
gtructural i&terations in the brzin pathways, Thgre has
been no long training, no repsated pairing of the bell
end the choek stinuli, no grooving of the flber pathuays
betueen the specific receptor and effector centers of

the cortex, - “**aa%,jif is entirely possible that the

narticudly cerebral exeltation pattern get off by the



aynmm&uwvea&&aetmentfinwthex1ntevme&iarywpatismnﬁwgtm
central-faelditatism s

Ag yet our Inowledge hardly touches the physiolocy‘
of these central focllatory sets or tha lavs of their
organization and resdjusiment during learming. The
continulng controversy over mere Ycontiguity' versus
some kAnd of 'effect' or 'belongingness! as the eritlcal
factor for establishing new aseoclations in learning (6)

rS

Jbevones a problem essentlally of the dynamic orgenization
of the f“cllatory aets.

ustmollshment of the abcv~ canditloned foreliug
response in the dog may involve a perceptual or
insightful type of learning in the grasping of the 5@11-
choelx relationshlp, and also a2 trial-sndecrror type of
lesrning in the eselecting of the proper motor response
for avolding the shoclks This lotter may aleo regulre
gome depree of insicht or perceptlion depending on how the
conditioning arparatus 1s arranged, Vide vorlations in
both thase phagz2s of the conlitloning process c¢an be
found even cmong simple condlitioned reflexes dependins on
the particular detalls of the individunl conditioning
situation, The concept of the intermedlary facilalory
set amnears to be applicoble to both phases of
conditioning and to lesrninz in peneral,

e particular facilatory set plctured above in the

v

humon gubject, hod e good deal in it of the voluntory and
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will also be erased.

Spinel and Gecorticate conditionlng scem not to be
readily reconclled with this interprztation of the role
of facilatory set, The phenonmena of epinallconditioning,
houever, may yet be accounted for on a physlolegleal
basls other then that underlylng true conditioning (4).
In the case of decorticate conditioning, 1t remalns
poseible that the crudeness or absence of the
conditicning in a decorticate mammal 1s correlated with
the primitiveness or absence in the decorticatle brain of

e oapzelty to orzanize and to maintain adequate

i T

preparatery setse - _Au“>d_mwmw~“j”
A reservyation: In the foregoling discussion the

existence of a distinct dichotomy ls implied betﬁeen the
dynamie activities assoclated wlth lampulse transmigsién,
messured in terms of milliseconds, and the more 1ast1ngA
effects vhich the 1mpulses leave behind upon the
structires they traverse, Thé general 1dea of coupling
ney S=N or S-S5 relations by adjustments In facllatory
gct s more readily presented by emphaslzing such a
dichotomy, However, neither this general idsa nor the
inferences drcym therefrom regarding engram patterning
svecifically depend on such a marked cichotony and ve
mey regard this latter as being probably an overs
simplification'of ths trus situation.

At present ve know almost nothing ebout the

1octine effects of impulse  transmisslon, It 1s
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poseible a rriori to conceive a vhole continuum of
posslibllities ranging from rapldly f2ding physlolegica
shifts of exciltatory threshold at one extremes to the
grovth end meinternancs of new nerve fiber connections at
the other, Very possibly thz more pnrman ent enproms are
not a direct product of impulee tranemission 1tgelf, but
arise through intermedlary effects of the impulse
transmission such as enduring central excitatory states,
or residusl potentiétion (2). Since the facillatory sets
as deplcted above must frequently epan relatively long
rerlods of behavior, they might well be medlated in part
at lecst throush some form of prolonged alteration of
excitatory threshold instead of by continunus lupulsa
transmiscion over the involved circuilts, Finally, ouxr
knowledge of cerebral physiology is still too meager to
rule out the possibllity that a eingle new resotion ox
novel ehift in the patterning of brain excitation may
leave cndurlng physlological traces of some unlknown sort
that continue to influence the subsequent patterning of
excitation for.long perlods, perhaps indefinltely until
the traces are wined out by new, incompatible discharce

patteime,
Aclmouledroenent

In this attempt at a physiologlcal presentation of a
phzse of current learning theory, I have lezned heavily

en the treatment of conditloning and leaming in L, &

Cole's recent text, Iunan Behovior (1),
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