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THE FROBLEM DEFINED,
ITS PAST AND PRESENT

I. A DEFINITION OF STIMULUS GENERALIZATION

In the following paper, the term "stimulus generalization"
vill appear many times. As a matter of convenience it will be abbreve
fated to "SG."

The best type of definition to give for SG is an operational
one. Although the ocperational definition loses in generality, it
gains by providing at least one concrete illustration of the phenom-
enon with which this peper deals. The following illustration is taken
from the experimental literature in most part, and it is the type of
illustration that is recognized both by those for and those againet 8G
as demonstrating the phencmencn of 5G.

Assume a Pavlovian dog preparation, in which a dog's salivation
to the conditioned stimulus can be collected and accurately measured.
Now suppose this dog is conditioned to salivate to a 1,000-gycle tone.
It will be found that a dog so trained will aleo salivate to a 900-
eycle tone, or to a 1,100-cycle tone, but not quite so much as it would
to the ariginal 1,000-cycle tone. And, further, the dog will respond
by salivating to & T50-cycle tone, but not gquite so much as it did to
the O00-cycle tone, and not nearly o much as it did to the original
1,000-cyele tone. Frequency has ite correlate in the peychological
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dimension of piteh (by humean standards); and vhen an animal is trained
to respond to & specific stimulus, some specific point on & given di-
mension, the animal will also respond at least partly to stimuli on
the same dimension that 4o not perfectly mateh the original stimmlus;
and the strength of this response will bear scme lawful relationship
to the phyeically determined distance of these non-matching stimmuli
from the oariginal stimmlus. This is what we mean vhen we talk about
8G. The definition is admittedly oversimplified, dut it is hoped that
some of this deficiency will de made uwp in the course of the diecussion.

Definitions of other terms will be given as they arise in the
exposition of the argument.

II. A EHORT HISTORY OF 856G

About 1010, Pavliov deseribed = phenomenon which has coms to be
known as etimulus generalization.! Pavlov's initial obssrvations of
this phenomenon were not systematic, and he never personally investi-
gated 1t fwrther. Instead, Amrep (2 student of Pavlov's) conducted a
major study on SC in 1920 and 1923, using doge as subjects.> (This is
the same Anrep who was later to translate into English Pavlov's major
vork, Conditioned Reflexes.) On the basis of his study, Amrep conclud-
ed that S5C was a genuine phenomenon.

Anrep's work stood practically unchallenged for close to 15

10sgood, C.E. Method and theory m;;uﬂ.nmpmhoug.

Nev Yoark: Oxfard University Prese, 1953, p.

2Ibid.
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years. In 1933, Loucks’ published a eriticiem of Pavlovien reflexclogy
in general, and in it Anrep's study was called to question. Loucks
doubted the euthentieity of Anrep's date, end said as much. A year
later, in 193%, "...being somewhat disturbed that such a presumably
sound and important principle [ 8G Jshould de called in question even
indirectly...” Bass and Hull set out to substantiate Anrep experiment-
elly." Base' and Hull's results were quite positively in faver of
Anrep. Pollowing Bess and Hull, Hovland® in 1937 conducted a series
of experiments, all of which lent support to the hypothesis of 8G.
More recently Wickens in 1043 and Spence in 1045 have offered addi-
tional evidence that SG is a genuine phencmencn.®

SLoucks, R.B. An appreisal of Paviov's systematization of

:;h;ir; from the experimental standpoint. J. gcomp. Psyehol., 1933,
’ B

YBags, M.J., & Hull, C.L. The irradiation of & tactile condi-
tioned reflex in man. J. comp. Psyechol., 193h4, 17, W7-65.

SHovland, C.I. The generalization of conditioned responses:
I. The sensory generalization of conditioned responses vith varying
frequencies of tone. J. gen. Psychol., 1937, 17, 125-146,
csewee= The generalization of conditioned responses: II. The

sensory generalization of conditioned responses with varying intensi-
ties of tome. io m. .y m. n’ Mo
wweesee The tion of conditioned respomses: III. Ex-

tinction, spontaneous recovery, and disinhibition of conditioned and
of generalized responses. J. exp. Psychol., 1937, 21, h7-62.

5kuu, D.D. Studies of response generalization in condi-
tioning. I. Stimulus generalization during response generalization.
J. exp. Psychol., 1943, 33, 221-227.

7Bp¢nco, K.N. An experimental investigation of Lashley's
interpretation of primary stimmlus generalization (in manuseript.)
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Despite the great amount of evidence in its favor, SG is still
not universally accepted. Loucks' 1033 article was the first serious
argument levelled against 5G, but Loucks' criticism was not based on
experiment. The first serious, experimentally founded criticiem ~- to
Judge from the hornet's nest of neo-Pavlovian indignation that it
stirred up -- came from Lashley and Wede in their 1946 artiecle, "The
Pavlovian Theoary of Generalization.”! The sericusness of this eriti-
ciem stems not from any striking experimental refutation of 86; to the
contrary, the experiment reported by Lashley and Wade (referred to
hereafter as "L & W') to smuyppart their eriticimm does more to harm
their argument than to help it. The criticiem's claim to attention is
based on the fact that (1) it comes, in part, from Lashley, a man vhose
outstanding work in other areas of experimental psychology entitles him
to a hearing; (2) the article contains a number of srgwments unfavorable
to 8G, and these arguments are cogent and worthy of note and answer by
those for whom SG 1s an accepted phencmenon.

The following section will examine the main pointe of the L & W

argument .

TLashley, K.8., & Wade, M. The Pavlovian theary of generaliza-
tion. Psychol. Rev., 1946, 53, T2-87.






III. LASHLEY AND WADE'S ARGUMENT: THE CIRCULARITY OF SG

In the opening paragraphs of their article, L & W refer to 8G
as "...a physically and physioclogically meaningless spread of the
effects of training aleng 'dimensions' of similarity of stimmii."®
Note how carefully L & W set apart the word "dimension," by plseing it
in gquotes. For the essence of the L & W argument lies in their state-
ment that, at the degimning of the naive animal's training, there is
no dimension at all as far as the animal is concerned.

Reminiscent in ite inswrectionist spirit of the Jamee-Lange
theary of emotion, this unguestionably striking idea exemplifies a
commendable propensity to challenge even the moet reasonable-sounding
idea. For is it not reasonabdle to assume that varying brightnesses are
differentiated from varying loudnesses in like manner by both animels
and humans? Or that varying frequencies farm e psychologiecal continu-
unm for rats as well as for people? Is there no common dencminator
vwithin classes of stimuli, for animals, which will bdind the stimuli in
one class (from & mman standpoint) into what could be called a di-
mension of similarity?! To the previous questions, L & W answer an
emphatic "No," and they provide what they comsider to be experimental
evidence to support their contention.

L & W state that, to the naive animal, there is only one dimen-
sion of similarity. It is a difficult dimension to conceive of, since
all stimuli in the animal's enviromment belong to it. Perhape the

W “ M, no ml’ P0730
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unupmumorm-unuunmuumwnav'-mmm
dmtmnwmcm-mmmmucwum.

rcmmmmmm[ﬂnowwmnnq]u
then comes an electric shoek. In the early stages of condition-
mmmznmmt-yomummm-
tiomn. muﬂ:mwm.cwuuumm«s

bell, u‘-hhy]mmmcwummﬁvsm

wmmmm«.m,«mm.
dcmmm,nnnnuhdnw,mm-mcmck

5 S o sy s e 00 . (e

not in

And further,
...ibunnuuuulfu“tdbycuamundﬂn
u-.m--mmmm,unm,a of the

physically definable character of the stimuli.

From these points of view, 1t is only & short step to dwringing
WM&OW‘:MNMM)L&'MM”HN.
opportunity. mymm-mmmnn'-'mzpmd

Behavior”

L & ¥V comment on this idea as follows:

No theory is proposed, hovever, to account for the production of
a ‘gradient of afferent generalization' by the receptor response.

W and m, op. mo’ Poa°o
1 d., 3-82.

g1, c.L. PBrineiples of behavior. New Yark: D. Appleton-
Century, 1943, p.198.
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The statement [quoted ] therefore merely constitutes an assump-

tion that, through some mysterious process, the effects of

training irradiate to stimuli vhich are similar for the argan-

Mm«;z-mwmm“.mtdmo
Thus, the entire idea of similarity of stimuli, upon which reste the
structure of SG theary, is "eompletely circular.” By asserting the
reality to the arganimm of similarity of stimuli, SC theorists are
merely begzing the question, state L & V.

Here, then, 1s L & W's argument in summary: It ie claimed that
animals trained to react to a single stimulus react to stimuli that are
similar to the original stimmlus, dut that the amplitude of the reac~
tion 1s a function of the distance of the second stimulus from the ori-
ginal stimilus. But in vhat way can we be sure that the stimumli ere
truly similar, so far as the animal is concerned? We know the stimuli
are similer (for the animal) because he reacts in the differential
fashion that we call stimulus generalization. Thus the tautology ie
complete, and the nature of 8G becomes entirely dependent wpon an in-
definable phrase: "dimension of similarity.”

The essence, then, of L & W's argument is that S5G has no meaning
apart from a tautologous cne. Animals are said to respond to stimmli
along a generalization gradient, if the stimuli which are deing used to
demonstrate this gradient ere "similar." However, L & W claim, no
adequate definition of similarity is offered by SC theorists, except by
saying that if enimals react to stimull in this regular, graded fashion,

12y, & W, op. git., p.83.
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mwnm«.m,ucmﬂamcwmxmmw
for the given animal. Suppose, for instance, one of Pavlov's dogs,
prepared for saliva measurements, is stimulated by the original tone
to which he was trained, say a 1,000-cycle tone. To this 1,000-cycle
tone he yields lecec. of saliva. Now suppose instead of presenting an-
mm.mtnacumtomug,uum
mtwmmnhlhth“td.h.dmn,hmh
the bright light. The animal has generalized its ariginal response (to
& tone) to a new stimulus, a bright light. Are weo then to say, ask
L&V, that sound and light are on a "dimension of similarity"? Since
the existence of similarity is being jJudged by the dehaviar of en ore
m-,nm.wtnﬁngﬁncnlmoﬁnwnln‘t
are somehov similar. SG theorists have been making & serious errer,
w%L&V,MWMuMbyMM-
dards, and then presenting these clasees of stimuli to animals as if
they muet then bde similar for animals. If 8¢ investigators -- those
vho found positive evidence for the existence of an 8G gradient -- had
presented different types of stimmli (as jJudged by human standards)
during their experimental investigations, they would have found dimen-
sions of similarity far different from any they ever dreamed existed.
mrmz,itm,nanW3umom,
mtmwmmamwwmuwwmznma
stimli in the same marnner that humans perceive these etimuli. There
unnmncitumuminmlmthtsmdm
are similar for animals simply because they are similar for humens.







9
The farce of the L & W argument is not inconsideredle, dut a

wveakness appears in their poeition vhen L & W make a grudging admit-
tance of the alim possibility of something that might just be confused
vith 8G. L & W say:

Vhen the physical dimension is quantitatively continuous, as
the frequency of sound or light waves, confusions of discrimina~
&umh?thcmmmMme

These "confusions of discrimination” sound suspiciously like the ex-
amples of the very phenocmenon that SG theorists describe, and which
they (the 8G thecrists) call SG.

Why do these "confused" responses occur with less amplitude the
farther avey they ere from the original stimulus?! L & W do not com-
Pletely ignore the finding, by many experimenters, of a fairly regular
SG gradient, but their explanation of this highly important experimental
fact constitutes the weakest part of thelir argument. The weakness of

the argument comes at a most inopportune point, because the existence
of a gradient is one of the strongest pieces of evidence in favor of
the SG hypothesis.

The unsophisticated subject reacts explosively to any change in
the envircnment; the more sophisticated subdject may limit reasce
tions to stimnli vhich past experience has shown to bde signifi-
cant within the experimental situation, dut still without close
attention. Consequently a test for irrediation may give the

appearance of a gradient of habit strength when it is actually
neasuwring discriminative thresholds under distraction.... In

those cases vhere positive evidence for a gradient has been ob~

tion difficult. are not
mm,gqtgc_tgpuma_-rm. (1 s not in
the ariginal,

13‘. & V, op. m" 90830 1m.' p.&.







Thus, L & W are willing to rest their case on the matter of

attention. To support their argument that inattention and threshold
| values are the determining factars in experiments that repart posi-
| tively on 8, L & W designed a study that would eliminate these factors.
E The apparatus employed was the Lashley Jjumping stand. The use of this
apparatus eliminates the two troublesome factors in one fell swoop,
since attention is forced, and discriminative thresholds have already
been measured with eome sccuracy by Lashley.l?

The last idea to consider under the heading of eircularity,
before going into a deseription of the L & W experiment and its reper-
cussions, is the mature of the charge of circularity brought by L & W
against 8G theorists.

The pragmatic tradition of science has incorparated a kind of
circularity into its method. Such ecircularity is then used as a tool
to fashion new and more accurate concepts, vhich themselves might con~
tain an element of cireularity. EKemptharme has this to say on the role
of eircularity in science:

The circularity of the scientific method is perhaps not so
videly recognized as it should dbe. This may be brought out by

noting that it is only on the basis of hypotheses and theories
that the scientist knows what toc observe. Facts and thearies
are intimately intermingled and carmot be logically separated.
That is to say, a fact is such only on the basis of some theary,
and vice-versa. This statement holds very obviously in the
physical sciences; in the social sciences tbmﬁm is not
always clear dbut careful analysis shows it to exist.

13%Laghley, K.8. The mechaniem of vision: XV. J. gen. Peychol.,
1938, 123-193.

16gempthorne, 0. The design and analysis of experiments. New
York: John Wiley & Soms, 1952,
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If Lashley vere to be labeled as sympathetic to one school of

psychology or another, it would be the gestalt school that would re-
ceive his support. The gestalt school is well Imown for its appeals to
common sense, for its many almost inescapable a priori assumptions.
Animels are assumed to be thinking creatures, and they display cognition
and ineight in problem situations. What, then, could be more of a com-
mon sense assumption than that animals perceive physically related
stimuli as psychologically continuous? And if this stretches credulity
too far, does not the existence of a gradient of generalization point
to the fact that animals certainly act as if they recognisze the paych-
ological continuity of physically related stimmli?

On careful consideration, the argument between L & W and the 8CG
theoarists does not seem to be based on any question of whether or not
8C 12 a genuine phenomenon. Rather, the question reduces to one of
vhich hypothesis is to be adopted until a better one comes along. If
L & V's analysis of the action of stimuli is to be adopted, then nothing
is anything, stimuli become functionally equivalent, and there is no
reason vhy a dog trained to ealivate to a tone should not also salivate
to a bdell, the slamming of a door, & fluctuation of intensity in room
lighting, a muscle twiteh, the animal‘'s own digestive noises, a flea
bite, or the reading of a Shakespearean sonnet. Socmevhere, it seems,
connections must be postulated detween certain stimuli and certain
responses. It is unthinkable that all stimuli are equivalent in their

effects.







CHAPTER II

THE LASHLEY AND WADE EXPERIMERT
I. THE LASHLEY JUMPING STAND TECENIQUE

In the previous chapter, it was pointed out that L & W were
willing to rest their case on the results of an experiment that elim-
inated inattention and the role of threshold measuwrement. In the fol-
lowing paragraphs, a bWrief description of the experiment reported by
L & W ap evidence mpporting their cssertions will be given, and a
sumayy of replies by Hull, Grice, and Grandine and Harlov will de
made. However, befare going into the details of L & W's study, it
would be best to outline the Lashley jumping stand method of training
rats, since this is the chief technique L & W used.

The juping stand ie a device ariginated dy Lashley to teach a
rat to dlecriminate between two or more stimuli. Its principle is
simple: a hungry rat is placed on a stand some appropriate distance
from the stimuli it must choose between; say, in this instance, two
cards, one with an S8cm. white cirele on & black ground, and the other
vith a Sem. white circls on a black ground. One stimmlus, say the
Sem. circle, is considered positive, or correct; while the other stim-
ulus, say the Sem. eircle, hcauueuuaun,ww. Pro-
vious to the discrimination situation, the rat has leearned that if he
Jumpe in the direction of the cards, he will get food. Now, howvever,

cards are placed wpright in his path, and his approach to food i
blocked by these cards. One card is secured from the rear, so that it
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vill not fall if the rat Jumps against it (this is called the pegative
stimlus). Every time the rat jumps at the negative stimulus == in

this case a Sem. eircle -~ he will bump his nose and fall into a net
placed below the cards. If he jumps to the positive stimulus, the
Sem. eirecle, 1t will give way and allowv the rat to a dish of food.
(See Figure 1, delow, for photographs of a pigmented rat on a Lashley
Jumping stand.) The correct and ingarrect stimuli are interchanged on
mmmmwmtmut'-mmmmum
of the correct stimulus, rather than its formal characteristics.

There are a fow finer points in the Lashley method which should
be introduced and discussed at this point, since any understanding of
vhat vill later be talked about hinges on & familiarity with these
points.

Suppose & rat is deing trained to Jump to an Sem. cirele, bdut to
avoid a Sem. eircle. Let us say, for instance, that on some particular
trial the 8em. circle is on the right and the Sem. cirele (locked from
behind and unyielding) is on the left. If the rat jumps to the right,
the card gives way, and we say no errar vas made on that trial, and eo
proceed to place the cards for the next trial, in ascordance with scme
random schedule. But suppose the rat jumpe incorrectly, to the left.
An error has obviously been made, dut we may then followv one of two

procedures:

may be allowed to remain in the position they were
vhen the rat jumped, and the rat replaced on the stand. This allows
the rat to correct its previous response, and thus it is called the
" By the corrective method, it is possidble that a
rat may make an incarrect jump meny times before it Jumpe ecorrectly.







Figure 1A...Front view of
the Lashley stand. The
animal is tensed to leap
to the left; in the text
discuseion this is a
wong Jump, since it is
tovard the Sem. circle.
If the animal Jjumps left,
he will dump his noege
againset the locked card
and fall into the cloth
net shown in the photo.

FIGURE 1.

A TYPICAL LASELEY JUMPING STAND

Figare 1B...A view of the
feeding platform to the
rear of the stand. In
this case, the animal
has Jjumped correctly
(to the 8 em. cirecle),
and the positive card
yielded, allowing the
animal to the dish of
food. The short, black
board behind the food
dish is propped against
the negative card, thus
holding it secuwrely in
place.
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(2) Vhen the rat Jumpe incorrectly, the cards mey be switched
according to the random schedule previously set up, and only then is
the rat replaced on the stand. For any given trial, then, a rat may
Jump incorrectly once and once. Because the rat is not allowed to
earrect his hump after missed a previous jump, this procedure is
called the "non-corrective method."

From a consideration of the differing natures of the above
methods, there arises the guestion: "What is an errar?t” Before answer-
ing this important question, we must firet know what is meant by a
frial. The meaning of & trial differe scmewhet depending upon vhether
the carrective or the non-earrective method is being talked about. If
the non-carrective method is being considered, then a trial is degun by
the placement of the cards, and is ended when the rat jumps, no matter
carrectly or incarrectly. If the carrective method is being considered,
& trial begins also vhen the cards are placed, but ends gnly when the
rat jumps gorrectly.

From these definitions of "trial," 1t can be seen that under the
non-carrective method, the animal can make only one misjump per trial,
and thus as many mishumps in any given experimental session as there are
trials. In the carrective method, however, the mumber of misjups that
an animal can make on any given trial is limited only by the endurance
of the animal and the patience of the experimenter. Consequently, the
number of wrong jumpe that can be made in an experimental session de-

pends upon vhether the carrective or the non-corrective method ie used.

The question, "What is an errat™, nov retwns. In the none
corrective method, which allows only ome jump per trial, the meaning of
an error seems rather clear: a misjump is an error. However, in the
corrective method, the meaning of an error is not so clear. It will de
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remembered that in the carrective method, it is possidle for an animal
wmmmmm,mummmm«u--mw
given trial befare it finally jumps correctly. If on any one trial a
rat Jumps incarrectly more than once -- say three times -- are we %o
mthtthmmwmmmthtbm,mmw
mmoumm:cmhumtmwnuu
m,“mt&tﬁouﬁﬂnm&m,mm,mumt
trial?

MMmmmmmh-armmm-
mc,mthmoummtommumthmh-
partant bearing on the canclueions drawn about the existence or non-
existence of 8G. As a matter of fact, a serious eriticiem of the L & W
Mmmmwm,ummmmdﬂnm«u
error is central to his eriticim.

mzm-my,mmndmm-mm.
consider an exror? Lashley says, "By an error is meant ... a trial in
MWMMmcmM%Wmﬁnmm
choosing the positive."l This definition of "errar" 1imits the mmber
ormotothom-bardtrmninQMuoum. Lashley
Justifies this procedure of counting errars by stating thet "We do not
knwthcnhﬁninflmodmoummmlmm,nm
method of comnting scores is largely arbitrery."2

Lpashley, K.8. gp. eit., p. 130. ®psa.
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II. THE L & W EXPERIMENT IN DETAIL

In the following sections, a description of the L & W experiment
will be given, and then a sumary of experimental and speculative re-
plies by Grice, Grandine and Harlow, and Hull will de presented. The
experiment upon vhich L & W depend for verification of their argument
is stated clearly by them. L & W write:

A eimple test of [stimulus generalization] consists of
training a grow of subjects in a reaction to a single stimulue,
then opposing that stimulus to another on the same stimulus
dimension and comparing the rates of farmation of a diserimina-
tive habit when the reaction to the initial stimulus is rein-
forced and vhen it is extinguished by the differential training.
The experiments [in L & W's article] fallow thie plan and meet
the requirements for a test of irradiation in other respects.3
L & W's sudbJjects were rats, vhether pigmented or albinoe is not

reported. The stimull were white circles of 5 and & cms. diameter on
black grounds. The apparatus was the Lashley Jumping stand; & photo-
graph of a typiecal Lashley Jumping stand is shown in Figure 1 on page
1%, n-mdmdmmummmwmmmbym." A
procedure close to Lashley's own is repoarted later in this paper, in
Chapter III, under "Method, Apparatus and Procedure.”

The main L & W experiment (more than one is reported) is ingeni-
ous in ite approach. Each rat goes through two stages; the first stage
is called training trials, or simply training, and the second stage is
vhat shall be called discrimimation trials, or simply diserimination.
In training, animals are trained to react in some way to a single

3% & W, op. eit., p.75. brashley, op. eit.
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stimilus, a vhite circle. There are two such ways of reacting: either
to jump toward the stimulus, or to jump away from it. Animals trained
to Jump to the stimulus receive food if they Jjump to it; they bump
their nose on a black card if they Jjump away fraom the stimulus. This

type of reaction -- jumping toward a white circle stimulus -- is called
a facilitation response. If the white circle is made negative (locked),
and the black card positive, then the animal must learn to 2void the
vhite circle and jump to the black card. This avoidance type of reac-
tion ie called an inhibition response. Since two sizes of stimuli are
being used, and there are two ways of reacting to each stimulus, there
are four possible conditions for the training series. These conditions
shall be designated as follows:

5+ ve. BL- ;5‘-. circle positive; Black card negative

S« va. Bl « circle negative; Black card positive

&+ vs. BL- (8em. eircle positive; Black card negative

8« vs. BL+ (8em. circle negative; Black card positive
Any given animal was assigned to one such treining condition, and one
eondition only, and was maintained on that condition until he Jumped
200 times consedutively without an error.

After the animal was trained to this rigid ecriterion of learning

to a single stimmlus, he was advanced to the discrimination trials. In

these discrimination trials, he was faced with two stimuli: the ariginal
circle in his training and another, different-sized circle of either 5
or Sems., depending upon which stimulus was used in training. In the
diserimination trials, one of two procedures was followed and maine

tained through discrimination:
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(1) the ariginal reaction wus that is, the animal
for vhom the Sem. circle was tive dwring training found
that the Sem. circle was still positive, while the Bem. was
negative.

(2)tbcwmmuonmmw that 1s, the enimal

for vhom the Sem. circle was posi nmm:ungrm
that the Sem. circle was negative and the Bem. circle was

positive.
We can nowv designate animals by the sequence of training-discrimination
trials they went through. An anims) designated as 5+:5- (read "five
plus to five minus") ies one which was trained to Jump to the Sem.
eircle during single stimulus treaining, but had to leaxrn to Jump away
from the Sem. circle dwring discrimination trials. We also call this
type of animal an "extinction rat,” because its originmal reaction is
being extinguished. An 8+:8+ rat is one vhose ariginal reaction to the
8 em. circle is being reinforced, since the rat still finds the Sem.
eircle positive vhen it bDegins discrimination trials. Fwrther, for
thie 8+:8+ rat, we can say that the condition is & "reinforcement of a
facilitation," since the animal's original approach response to a circle
is being reinforced; while for a 5-:5- rat, ve would say that this is a
reinforcement of an inhidbition, since the ariginal avoidance reaction is
being reinforced.

It can be seen that, with two stimuli, two possible modes of
response to these stimli, and two ways of fuwrther treating these re-
sponses, there are 8 possible conditions in the experiment. Put another
way, since each of the four training conditions can be followed by two
discrimination conditions, £ different courses can be followed in the

experiment:







1) 5+15 5; 5+15=
2) 5-15« 6) 5-15+
3) 8+:8+ 7; 8+18-
b) 8-:18- 8) 8-18+

Unfortunately, L & W 414 not include all 8 conditions in their
experiment. They included only the following: 8+:8+; S+15«; 5-15+; and
8-:8-. Thus, they had in their design the reinforcement of a facilita-
tion, the extinction of a facilitation, the extinetion of an inhibition
and the reinfarcement of an inhidition. While these fowr conditions
control adequately for the relative influence of inhibition and facili-
tation, they do not account for absolute size preferences rats may have.
Both reinfarcement conditions cperate on an Sem. circle, while both ex-
tinction conditions operate on a Sem. cirecle.

To summarize, the situation is as follows. One group of animals
was trained intensively to respond to a single stimulus in an unique
mamner; this group of animals was now placed in a situation where it had
to discriminate between the stimulus to which it had reacted dwring
training and a nev stimulus. This group of animals found that its
original reaction was still correct; thus, the group is called a rein-
forcement group, because its original reaction is being reinforced.

A second group of animals, trained in exactly the same mammer as

the firet group, found during discrimination that its original reaction
was now wrong; it had to change its originel response, and learn to
react to or awvay from the new stimlus. This group is called an ex-
tinction group, because its ariginal reaction is bdeing extinguished.
Here is the reason for this rather elaborate and ingenious
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design. L & W reason, and probably rightly since nomne of their critice

obJjected to their reasoning, that maximum SC should ocewr to the stim-
ulus to vhich the animal was ariginally trained. If S5G is actually
operating, the group of rats for vhich the ariginal response is deing
extinguished should make significantly more exrrars than the growp for
vhich the original reaction is being reinfarced. For example, suppose
two rats are trained to jJump toward an 8em. eirecle, and to avoid the
black card. During diescrimination, cme of these rats will find that it
must still jump to the Bem. circle to get food, while the other rat
finds that 1t must nov erase its original response towerd the 8cm.
cirecle, and must now avoid it in favor of the Sem. cirele. If the ani-
mal vhose original response is being reinforced makes N errors dwring
learning, then the animal vhose original reaction is being extinguished,
and who must unlearn its original reaction as well as learn a new one,
should make some number of errors greater than N, say N + Q exrrars.
The extinetion animal‘'s tendency to respond to the ariginal stimulus,
although such a response is now incarrect, should interfere with and
eignificantly retard its learning of a nev and different positive
stimulus, IF SC is operating as an influence.

Conversely, if SG is not operating at all in this situation,
then there should be no significant difference between reinforcement
and extinetion animale.

IXII. LASHLEY AND WADE'S RESULTS
What results did L & W actually get vhen they conducted their

experiment? For four rats, tested on the conditions outlined above,







the results were as fonm:"

IRIALS
Original reaction reinforced 175 56
Original reaction extinguished 105 37

In short, jJust the opposite of vhat would have been expected if SG
were actually operating. The results would have been cause enough for
questioning the SG hypothesis, had scores far trials or errars been

eimply equal.

Similar results were cbtained by L & W for four more rats treated

in the following marmen':

++JFour rats vere trained to choose a vhite croes opposed to
a black card and were given 200 trisls of overtraining, averaging
1 error each in the 200 trials. Two of the animals were next
trained to choose the ariginal cross and avoid an X of equal
eize; the other_two were trained to choose the X and avoid the

ariginal eross.’

L &V go on to say:

The results of these two teste are typical of eight others
dealing vith swrfece brightness, direction of lines, number,
and various similarities of form, vhich 1t is wmnecessary to
report in detail. In every case a differential reaction was
ostablished more quickly when the training involved extinction
of the initial reaction to 2 single stimmlus than vhen that re-
ection was reinforced. The differences are statistically unre-
liable but are consistent in all 10 experiments.

L & W report similarly constructed experiments conducted with

monkeys and chimpanzees. Results for monkeys fall in line with the rat
results; the chimpanzee results favor 5G.

b, & W, op. eit., p.76. rbid. 61paa.
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Larger numbers of trials and errars [for chimpe ] vere required
vhen the original reaction was extinguished than when it was
reinforced but the differences ... are entirely umreliable.”

IV. CRITICISMS OF THE L & W EXPERIMENT

The firet and still most tharough eritique and answer of the
L&V.chofrulnn.e Hull's reply is mostly speculative. His
experimental evidence, not inecluding the classical studies he cites,
suffers from the very same flawv from which other alleged repetitions of
the L & VW study suffer: the use of apparatus and procedure far different
from any L & W used. However, Full's speculative arguments are not to
be ignored. He writes:

(A) Lashley and Wade's experiments yleld results which are
[1talies in the original] to vhat is held to be the
tion of stimulus generalization by a falling gradient or
even & horisontal gradient.

(B) A1l ten experiments agree in this reverse outcome....
Now from & statistical point of view it 1is quite true that
the single toes of a coin does not decide anything any more than
does & single statistically unreliable experiment. However, in
case & coin is tossed ten times in succession with the same
result in each case, it is truly remarkable; ?mmv
that this would ocewr by pure chance is (1/2)10, which is bdut
one chance in 1,02k, Taking this [L & W's] repart at face value,
then, it indicates that a genmeralization gradient of high sta-
tistical reliability was really operating in the experiment but
that 1ts slope was in the opposite direction from that implied
by the stimulus generalization experiments. Thus Lashley and
Vade's experiments have a considerably more revolutionary im-
plication than they have claimed. Moreover, these results
fla contradict Lashley and Wade's own conclusion [quoted
sbove] that no graduated spread of the effects of training is
obtained. There purports, on the contrary, to be a genuine

spread of the effects of the preliminary training, but in the
opposite divection.d

TL ‘ V, a. -no’ puﬂo

8nm, C.L. The problem of primary stimulus generalization.
Psychol. Rev., 147, 54, 120-13k. m
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This is the heart of Hull's argument. He goes on to cite a
study by Spence "involving simltenecus discrimination in rats which
apply directly to the present issue."’® However, although this exper-
iment's outecme favars 8G, it is quite inapplicable to the present
issue, since ite apparatus is so different from the one L & W used.
Spence's experiment seems only to serve to corroborate the almost
hackneyed observation that the results reported out of a laboratory are
more likely to be a reflection of the biases prevailing in that labore
atory than they are of a good answer to a good guestion.

A further criticimm of the L & W study comes from Grice, who has
conducted many experiments the results of which proved faverable to the
Spence-Hull behaviorist school.ll Orice pwparte to have repeated the
L & WV experiment. Although his resulte fevor SC, as 414 Spemce's, they
are pot the results of a repetition of the L & W study, since a dis-
erimination apparatus entirely different from Lashley's hmping stand
vas ueed by Grice. Thus, L & W are neither confirmed nor refuted by
Grice's studies. However, Grice's speculations sbout the cause of the
L & W results have some relevance to the present study.

The first and perhaps leecet important of Grice's criticisms has
wcouwammmmm,uxama-mww-
tion, extremely elusive so far as experimental verification ies con-
cerned. Fe writes:

10gu11, C.L., op. git., p.131.

Ugrice, G.R. The acquisition of & visual diserimination habit

g;:;l.:;ing response to a single stimulus. J. exp. Psychol., 1948, 38,







[the L & W) experiment is not a good test of the generalization
hypothesis. If the generslization gradient, although a genuine
phenomenon, should be relatively flat for the particular dimen-
sion selected for study, the difference between the

:

However, Grice recognizes that Hull's application of a non-parametric
statistical test to the L & W experiments "indicates that this is probe-
ably not the explanation of the data comsidered here." In additiom,
the L & W study is considered quite an adequate test of the SG hypoth-~
esis, by Grendine and Harlow, vho say, "The Lashley and Wade technique
+++ provides an effective method for analyeis of the generalization
ml.....-ls
It 18 informative to note, in considering Grandine and Harlow's
study using twelve monkeys and the Wisconsin general teet apparatus,
that they repart:
mdmuwmummmmummmmu-
tion tests continuing the condition of reward of the initial
mungmmmmmuumummmm
condition of reward of the training. Moreover, the differences
between error scores on the [1talice in the
original] under the two conditions X vere statistically
significant for most stimmlus pairs.
Grandine and Harlowv state that they used the t formula for testing the
oimﬁemoo:rtufrmointbmotwudmm-. Their

t value for size tests was at the 0.1% confidence level.

12&'10.’ G.R. op. s&., 9063‘;.

13Grandine, L., & Harlow, H.F, Generalization of the character=-

istice of a single learnmed stimulus by e. dJ. » physiol.
Paychol ., 1068, k1, 327-38. d., JO%-
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Grice's second criticism of the L & W study provided the impetus

for the first part of the present experiment. Grice writes:

Probably the most serious complicating factor is the fact that
incorrect responses are punisghed by locking the negative card
and causing the animal to fall into a net. It is well known
that punished responses are more quickly eliminated than re-
gponses vhich are simply not rewarded. Presumably, this results
from a tendency to avoid the punished respomse. ... Another
factor which makes interpretation of the resulte difficult is
the fact that the trial and error figures reported by Lashley
and Wade do not include all of the individual Jumps made by the
animals. ... one ‘error' included one correct jump and one or
more incorrect jumps. It 48 possidle that if all individual
Juips vere reported, there would be no difference dbetween the
groups, or the difference could even be in the other direction.
Inmom,ifﬂu[cﬁm?tu m]-bmmm:go
arrors italice in the original] of
ot U s

the two groups.l
A further eriticism, made by both Hull and Grice, involved the

soall number of subjects in the L & W study. The trend shown by L & W's

ten experiments seems sufficient answer to such criticiem.

In all the experiments which purport to be repetitions of the

L & W study, no one of the investigators used the Lashley Jumping stand
method. Spence used light and dark alleyways; Grandine & Harlow used
the Wisconsin monkey apparatus, and ran only the monkey section of the

L &V study; and Grice used an apparatus of his own design, different

statistical techniques and different scoring methods.

An adequate investigation of the validity of L & W's claime would

involve the use of the Lashley Jumping technique, and as close & replica

156rice, G.R. op. git., p.635.
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of L & W's report. Larger numbers of subjecte would be essential to
such & repetition, if any confidence were to de placed in the results.

The following chapter will describe an attempt to incorparate
Grice's major criticimms into an experiment that at the same time
closely approximates the L & W study.







THE FRESENT EXPERIMENT

I. A FON-PUNISEMENT LASHLEY JUMPING
STAND, AND ITS FAILURE

In an attempt to account for what Grice calls "probably the most
serious complicating factor” of the Lashley jumping technique, a Lash-
ley stand was built with provisions to allow for simple non-reward of
vrong responses. Figure 2, bdelow, illustrates how this was managed .

In Figure 2, below, it can be seen that the rat has Jumped cor-
rectly, and so has reached food. If the rat had Jumped incorrectly, the

FIGURE 2. A MODIFIED LASHLEY JUMPING STAND
(Food Platform)
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negative card would still have yielded, dbut the partition would have

prevented the rat from reaching food. Thus, no punishment was admin-
istered the rat for its incorrect response, and learning became a
function only of reward or non-rewerd, without the "complicating" face
tor of punishment.

Grice's second eriticism, concerning the scoring of errors, wes
accounted for by keeping a complete record of every jump the rat made
on each trial. Errors for the day's experimental session of ten trials
vere broken down into two types: Lashley errors and Grice errars.
Lashley errcre (abbreviated to "La" on the record farm, Figure 3) are
simply errors counted by the Lashley system, as described in the last
chapter, Page 16. It 1s possidle for an animal to make only as meny
Lashley errors as there are trials; in this case, there were ten
trials per day for each animal., Grice errors (abhreviated on the
record form to "Gr") are simply the number of misjups for all trials
in an experimental session; the mmber of Grice errors possidble in an
experimental session is practically unlimited. The recoard form on the
next page (Figure 3), with a fev day's scores for & typical animal,
exemplifies the manner in which records of perfoarmence were kept, and
at the same time shows the difference between Lashley and Grice errars.
(The appearance of "L" and "R" in each square indicates the position
== Left or Right -~ of the correct stimulus for that particular trial,)

The plan was to run 16 rats on & non-punishment method, but in
all other particulars to reproduce the L & W experiment; then it was

plamned to run 16 mare rats on the locking, punishment technique,
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vhich would then constitute an almost exact replica of the L & W study.

If 8G were favored by the non-punishment method, bdbut not favored by
the original Lashley technique, then there would have been evidence
substantiating Grice's hypothesis that punishment obscured the effects
of 8G. If both techniques yielded results favorable to 8G, then L & W
wvould have been refuted on their own ground. And, finally, if neither
technique yielded data favarable to the Hull-Spence hypothesis, L & W
would have been carroborated in a substantial mammer. (The fourth pos-
sible outcome -- non-punishment favoring Lashley and Wade and punish~
ment favoring S5G -- would indicate a rather contradictory state of
affairs).

However, the plan never came to completion, since the new ap+~
paratus and non-~punishment technique did not work. Here is a brief run-
down, in a qualitative manner, of how a group of fowr pilot rats reacted
to the non-punishment technique, with fwrther suggestions on how this
technique might finally be made to work. Of the four rate trained by
the non-punishment technique in the pilot study, two learnmed the neces-
sary reaction to the single stimmlus, vhile two rats showed no signs of
learning. The stimuli used were white circles on black grounds. It
vas then decided to try a different type of stimulus -~ bdlack circles
on vhite grounds, instead of white circles on black grounds. There is
some indication that black eircles on vhite groundes will weork better

on a non-punishment technique than the ariginal stimmli described.
There is no apparent reason why this should be, but animals did suddenly
begin learning the single stimulue response under the non-punishment
conditions vhen these nev stimuli were presented to them. One pilot
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rutbo@ntoohovwmtmommﬂupﬁmmmot
food, but of water as well. Thie may be another possibility to follow

wuzta-mumwmmmmmmmm.

Many of these changes in the teclmigue of training animals were
ndomthowotthomt,uﬂwtmymmodnﬂm
the beginning of one treatment and the beginning of another, so that
memmmmmmmunmammw
treatments is subject to the criticiem that the animals were in the
process of "learning how to learn,” to use Harlow's term, and that any
mmtmmammwamm-u
deprivation time, stimmli or the nature of deprivation.

II. A REPETITION OF THE L & W EXPERIMENT

After the failure of the non-punishment technique, the next step
mtormdmthomsimlLlUWtudmnanh.
Twenty-four subjects, pigmented rats, were considered sufficient to
yield data that would confirm or refute the L & W results.

Two Lashley jumping stands were used in thie study. One was an
old stand vhich had given reliable service for many years, built by &
student of Lashley following the pattern of Laghley's first form dis-
erimination apparatus. Another stand was built by the writer in order
to make the non-punishment technique a little easier to administer.
This new stand was built from an undimensioned drawing in Mumn. It

1itmm, K.L. Handbook of peychological research on the rat.
Kew York: Houghton Mifflin, 1950, p.118.







33
vas assumed, without a pilot study, that the punishment tecimique (the

original Lashley technique of locking the incarrect card), would cere
tainly work on this new stand, and o & block of 8 rate wvas assigned to
it for the L & W repetition.

A formal description of the apparatus, method and procedure
fallows.

- IIT. APPARATUS, METHOD AND PROCEDURE
mgﬂ--mhat&fﬂlﬁumh.dﬁﬂn
photograph of the new stand and a detail of the jumping platform, net
and stimulue cards (note that the stimulus card on the right has fallen,
allowing access to the feeding platform). Lights were mounted on this
stand to provide wniform and specifiable illumination for the stimmlus
cards. Lights were aleso mounted behind the cards to illuminate the
feeling area of the stand. The entire apparatus was painted a flat
black. The two fromt lights (the ones lighting the stimmli) were 25-
watt frosted buldbs, and were each 1l inches from the plane of the stim-
uli. The two rear lights were 7-1/2-watt internally coated dulbs,

vielding a diffuse, white light.

Stimlus cards were made of heavy wvhite illustration board. The
same flat black paint with vhich the entire stand was painted was used
on these stimilus cards to enclose the srea of white which acted as the
stimulus. The centers of stimuli were 10 inches apart, plus or minus
about a quarter of an inch, depending upon the placement of the cards.
Cards were practically flush with the discrimination area, and there

was no place for the rat to grasp in case he jumped at the incorrect







34

*pop3eu Juemyetund oYy JoJ dn J0uU 9 UOT3IRIEI

*OPIND SUTNNEIE puw 0u ‘mmwyerd Surdmf eyl Jo [relep

pefaeTue ue 87 JYFTX oyl wo ojoud ey “wmacjyerd Burpee; eyl

SuTACUe ‘puels Ul JO ASTA @PIR ® ST 3JOT ey3 of ojoud eyy
‘pueye Supdm{ LoTyew] POTIIPOW ¥ -- DUBYE ASU UL *f BTy







35
stimlus. Such grasping, on other stands, keeps the rat from falling.
mrmummmmm«mnwmqmmzs
inches. The area of the jumping platform was approximately 43 square
inches, being 5-3/16" by 8-5/16", with a radius of cwrvature at the

front end of approximately 4-1/2". The jumping platform was relatively
rigid and free of sway.

014 Stand «- What is here called the "old etand” 1s one which
had been in the animal psychology labaratory for many years; this stand
vas built by & student of Lashley. Figwre 1 on page 14 shows two views
am-m,matmuuncwuwtbmmwm-
paring Figures 1 and 4. The major differences between the old stand and

the new stand are as follows:
OLD STAND NEW_STAND

Length of fall from stimuli 33" 25"
to net

Dimension of jJumping platferm 6" x 7" 8-5/16" x 5-3/16"

Distance between centers of 1n-3/8" 10"
stimuld

Stability of jumping platfarm Swayed much Quite rigid

Lighting Room Built~in

In most of the essential structural characterietics, the two
stande seemed quite similar, at least insofar as purpose is concerned.
Both stands were used in the same room. This room was a window-

less room, so that lighting was comparatively even for all groups of
rats run on any particular stand. Rats were run in the evening in the
case of hoods, during the day in the case of albinos. Temperatwres in
the room hovered around 80° F. (estimated) and 25% humidity (elso
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estimated). The experimental room contained a fan, which provided a
subdued but constant source of noise.

The following is an exact reproduction of the protocol that was
consulted and followed for all groups of rats. Individual differences
in rats required some departures from this protocol, in order to accus-

tom them to their task. The major difference in treatment between rats
was in the matter of coaxing and wrging. Some rats required such extra
treatment, while others did not. Here is the protocol as it was fol-
lowed throughout the experiment:

2nd Day: 10 free-choice jumps to food. Tvo rats run at & time, alter-
nately. Gradual moving out of platform to 16 inches, which
seems to be a good general distance.

:
i
:
E
z
:

Junp unless urged, at

least in the first 8 or 10 days of the training period, s
mu-mc«somu-pmumm-bmm
are forced to jump. If an animal shows signs of Jumping by
himself, he is allowed to jump, since it is considered
Juet to let him jump in the hope that he will get the habit
of Jumping wi wrging. Buch voluntary jumping is to de
desired over continual wrging, because urging can sometimes
be dieruptive.

3rd Day: The stimulus card which the animal must gvoid is placed in
position and locked. mm-qmm-mwm-

ZGellerman, L.W. Chance arders of alternating stimali in

ﬁl:loedimmmum experiments. J. genet. Psychol., 1933, k2,
207 .
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kth Day: Same as 3rd Day.
5th Day: Both cards now in place, and training to single stimulus is
begun.

because each group of four rats are rotated, the rat vhich was last of

Junps alloved per trial, before guiding, wae « If an animal jJumps
incorrectly to a given position on a given tr five times in a row,
he is then guided and forced to the correct side. Generally, longer
feeding is allowed after an exrror has dbeen made. ,

with two ecircles, only one of which is carrect.

Rats are considered to have learned the discrimination when they Jump
eorrectly 19 out of 20 jumpe.

To start with, subjects were 24 hooded rate (pigmented) and,
later on, 8 albinos. BSince it was not foressen that the new stand would
not work, the 8 hooded rats that were deing run on it had to be discard-
ed and not included in the experimental results. These B rats would
not learn at all adequately even the simplest task -- jmping to a
eingle stimlus -- and s0 it was considered carefully and decided that
these rats would not constitute either a fair test of the SG hypothesis
or even a rough approximation to the L & W study. This left a remainder
of 16 rats ruming on the old, more efficient stand. Of these 16 rats,

3 or 4 either would not jump or would not sufficiently learn the re-

sponse to the single stimulus. Since the thorough training of the rat
to the eingle stimmlus is central to the retionale of L & W's study,
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these rats had to be discarded, aleo. What wae left comprised 8 rats,

four extinction and fouwr reinforcement, but due to an error that oc-
cwrred during the £illing of an experimental block, one condition was
repeated. Thus, the factorial design outlined on a previous page was
not complete, although there was still a group of fowr reinforcement
rate to compare in perfarmance against a group of four extinction rats.
Because & rats d1d not seem sufficient to lead to any even partially
valid conclusions, another group of 8 rats, these being albinos, was
selected from out of a group of about 22, These rats were selected pot
on the basis of how they discriminated, but merely on the basis of
willingness to jump and ability to learn the simple single stimulus task.

All rats reported on (16 in all) were run on the old stand, ex-
cept vhere stands are being compared; in this case, the data for 8
hoods on the new stand are compered against the data for 8 hoods on
the old stand.

Since there was no known way %o equate groups on ability to
learn a single stimulus task, statistical controls were run., Within
straine, animals were found to be about equal in ability to learn; in
any case, no significant differences were found, within strains, be-
tween the ability of the reinforcement group to learn the training

task and the ability of the extinection group to learn the same task.







CHAFTER IV

RESULTS, DISCUSSION AND CORCLUSIONS
I. A NOTE ON THE STATISTICAL TREATMENT OF THE DATA

L & W do not report the type of statistical analysis they em-
ployed in determining vhether or not their data yield significant
differences. Grice, on the other hand, in discussing the treatment of
his data, states:

The skewness of the distribdbutions and the non~homogeniety
of the variances make the t-test inappropriate for testing
significance of ... differences. Consequently, non-para-
motric tests of significance were applied.l
Grandine and Harlov make no statements about whether or not their data
fulfill the requiremente that indicate the use of techniques that assume
normality of data, and they state that they employed the t-test far
differences between unrelated means.?

Hovever, the samples in this study were so small that no adequate
test of the normality of the data could be found to determine if para-
notric teets would apply to them. A persistent difficulty in the appli-
cation of non-parametric tests to any learning data is the rather rigid
requirement of nondpn'l'tric statistices that the outcome of each event
be completely independent of the outcome of another event. To use the
analogy of the coin, even if you were to throw 100 heads in a row, the
probability of throwing & head on the 10lst throw yemains 1/2, or one

out of two. The coin did not learn, by past experience, the way living

1&1«, op. eit., p.636. 2m1no and Harlow, log. git.







organiems do.

But if a rat jumps in some particular direction on his very
first jump, the direction of his subsequent jumps may poseidbly depend
upon his past experience with the jumping situation. This possidbility
camnot be denied, and the non-parametric method used by Crice is inap~
plicadle to the data obtained in the present study.

If both the F-test and non-paremetric techniques could not be
used without viclating one or another rule concerning their use, what
course could be taken? What was decided in this case was to accept a
posaibility, rather than to flout a certainty. Since there was still
some possibility that the data were normal, even though no known test
could have shown this for the small samples involved, it was considered
& safer cowrse to use the F-test on the data and pot to use the avail-
able non-parametric techniques. Thus all conclusions drawn and levels
of confidence reported are subject to the blanket modificatiom, ... if
the F-test is applicable to this data.”

Actually, the situation is not quite as hopeless as it first
appears. It is true that nothing is known about the form of the dis-
tribution from which the scores come on the small semples involved in
this study; but Fisher has this to say about the use of the F-test on
non-normal distridutions: ... [it has been] demonstrated how closely
the theoretical distribution was verified in material that was far from
normel."3

Barly in the statisticel analysis of the data, it was found that

3risher, R.A. The design of experiments. New York: 1951,
Hafner, Gth Bd.
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any comparisons maede for both Grice and Tashley errors always ylelded
lower Fs for Grice errors than for Lashley errors. This was attribduted
40 the relatively larger variability of Orice errore. Thus, in the
following repart on results, when "errors” ie the measure boing used,
only Fe derived from Lashley exrors will be reported.

II., RESULTS AND DISCUSSION

Table I is & summery of the performance of the 16 rats (8 hoods
and 8 albinos) vhich were run on the old stand. Since the £ hoods run
on the nev stand never even learned the single stimulus task, their
data is not included, except where they are compered against the 8 hoods
on the old stand to demonstrate & difference between stands. Since the
angwer to the major question with which this experiment deals hinges on
the performance differences, or lack of differences, between the rein-
forcement group and the extinction group, the data are arranged so that
theee performances can be readily examined and compared.

Table II provides the data from which were plotted the curves in
Figures 5 through 6. This table offers a convenient compsrison between
the reinforcement and the extinction group for any given strain by jJum-
taposing the mean number of errars mede by the reinforcement group on &
particular day end the mean number of errors made by the extinetion
@roup on that eame day. This ie dome for discrimination days 1 through
10. Since there were two types of errore that could have been made,
error scores are recorded under their appropriate heading -- Lashley

errors or Grice errors. Figwes 5 through 8 are graphic representations







TABLE I.

TRIALS AND ERRCRS

DURING DISCRIMIFATION FOR 8 HOODS AND 8 ALBTNOS:

HEOODS
REDVFORCEMENT GROUP EXTINRCTION GROUP
RAT CONDITION TOTAL JFRRORS | RAT CONDITION TOTAL  ERRORS
£ TRIALS 1A R # TRIALS 1A &R
Fel = 5-15- b 13 13| 75 519~ it 55 &
F-2  Betbs a3 13 16| F-6  8+18- 25k 115 167
F-3  5-15- 75 11 | P-T* 515 40O 1k5 209
P-4  B838- 219 9 123 | F-8 B~ 230 53 _70
TOTAL: A36 127 166 TOTAL: 1,062 368 514
ALBINOS
RETHFORCEMERT GROUP EXTINCTION GROUP
RAT CONDITION TOTAL ERRORS | RAT CONDITION TOTAL  ERRCRS
P TRIALS 1A @®| ¢ TRIALS LA @&
MO® 5415, 250 15k 340 | M<13 S5+15- 23 1 16
M-10 B+:8+ 119 36 78 | M<14* B8.:8- 1 387
M-11% 5-i15- 260 ™ 88 | M-15 S5e-1% 238 8 125
M-12 8-:8- O A A1 M-16 B-:18+ u3 k2 _2_
TOTAL: 684 277 523 TOML: 65 278 610

#Had not reached criterion when experiment was terminated.

1511 values are figured wp to, and ineluding, the eriterion.
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of thepe data, There are two graphs (two separate pages) for each
etrain; one graph depicts mean Lashley errors for the reinforcement and
extinction groupe, while the other graph shows Grice errors for the
tvo groups.

Table III provides data for a comparison of the two stands.
Training error scores are given for & hoods on the nevw gtand as well as
for & hoods on the old stand.

Since Aifferent strains of rate were used in this study, it was
considered necessary to search for poesihle differences between strains.
Table IV provides data for such a comparison, although it does #0 in an
indirect way. Table IV liste Lashley and Grice arror scores during
training for those enimals vhich had to learn an approach response and
for those animale vhich had to learn an avoidance response. In a previe
ous chapter, these responses were labeled facilitation and inhibition
responses. These data are shown for both hoods and albinos,

Statistical snslyeis of the data.

Vhen total errars was used as the measure for testing differences
(see "ERRORS" column in Table I), the F-ratio for reinforcement hoods
ve. extinction hoods was 4.05; this figure epproaches the 5.55 required
for the 5% confidence level, and since cne extinction animal was still
running and making errors vhen the experiment had to be terminated, it
is possible that this F-ratio might have come even closer to the 5%
level of confidence. This result is in a direction unfavoradle to
L&V, Since two reinforcement albinos and one extinction albino never
finished, total errors could not be used as & measure in compering
albinos.
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INEIBITION
TRAINING
¢ CONDITION L= Ov 4 CONDITION La Or
M-13 S s ko M-15 5= 38 18
M-1k 8+ 3 3 Nel16 8- 2‘3) 81
M-9 b 10 16 M-11 S 80
M-10 8+ 3 5 M-12 8- 46 80
TOPAL: 30 64 TOTAL: 157 319 \

*Dus to an error, this block of animals contained 5 inhibition and 3
facilitation rats; the proper proportion should have been b and &,
F-ratios were computed using famuils far unequal Ks.
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When totel trials to criterion (see Table I) was used as a
comparative measure, hoods yielded an F between the reinforcement and
extinction groups of 6.64, well within the 5% confidence level (5.99
was required). This result favors Grice, Hull, et al, and is unfavor-
able to the L & W interpretation.

The F-ratios obtained on hoods tend to faver the SG hypothesis,
although no striking across~the-board significance was apparent.

Figures 5 through & graphically display the relationships within
the data in Table II; in addition, theee graphs provide some empirical
basis for a couple of the intuitive statemente that are made toward the
end of this paper.

In Figures 5 and 6, graphs of the hood data, the extinetion
group 1s at every point higher than the reinforcement growp. It is
intuitively very difficult to look at such wide differences and still
to maintain that there is no difference between the groups; it is even
more difficult to state that these differences might have occwrred pure-
1y by chance since, if non-parametric statistice were applicable here,
thie could oceur only once in 1,024 times.

The story for Figures 7 and 8 is quite a bit different. These
graphs depict Lashley and Grice errars between reinforcement and ex-
tinction groups for albinos. Here, no consistent differences are found,
and the lines for reinforcement and extinction animels criss-cross
apparently at random. If, in the light of the results that were ob-
tained with albinos, these graphs do not argue very strongly for the

superiority of reinforcement over extinction animals, they do make a
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strong argument for a possidle difference in strains (when viewed in

contrast to the resulte for hoods) which, in eny previous or future
repetition of the L & W study, should be considered as a determining
factor in the nature of the experimental results.

An interesting by-product of the experiment arises in the com-
rarison of strains. No significant difference between strains was
found vhen errors or trials vere used as comparative measures; howe
ever, since there vere two experimenters, one running hoods and the
other running aldbincs, there is e confounding of the influence of ex-
perimenters and of strains, so that no very strong conclusion should
be drawn on the basis of error or trial measures about the lack of dif-
ference detween strains. It was found further and in & most strikingly
eignificant degree, that there was some strain difference with respect
to a preference for Jumping toward or awvay from &2 stimulue in a single
stimulus learning task. It was found that, with albinos, total errors
dwring training for facilitation animals -~ those who had to Jump
toward the single stimmlus to get food -- were significantly less than
total errars during treining for inhibition animels -~ those who had to
Junp away from the single stimulus to get food. The coamputed F was
66,74, while the F required for the 1% confidence level was 13.74. For
hoods, there was no significant difference between inhibition and facil-
itation animals. A strain difference seems to be indicated from the
above resulte; this strain difference is probably due to the hoods'
superior vision.

A significant difference was found between stands, vhen training







Figure 5. Mean Lashley errors per day for
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Figure 6. Mean Grice errors per day for first
ten days for fowr reinforcement hoods ve.
four extinction hoods (see Table II, p.kk,
for data). ;







Figure 7. Mean Lashley errors per day for first
ten days for fowr reinforcement albinos vs.
four extinction albinos (eee Table IX, p.hb,
for data).
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Figume 8. Mean Grice errars per day for first /
ten days for four reinforcement albinos vs. 25
fowr extinction albinos (see Tabdble IX, p.hb,
for data). 4
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scores for 8 hoods on the old stand were compared with training scores
for a separate group of 8 hoods on the new stand. Animale on the old

stand made significantly fewer errors during training than did animals
on the new stand. The computed F was 14.04, while that required for
significance at the 1% level of confidence was 8.86,

III. CONCLUSIONS

If this study had been completed as designed, definite conclu-
sions concerning the SC econtroversy might have been drawn. As it stands,
the study can offer only tentative suggestions, and even here reserva-
tions must be made.

It might be argued, for instance, that inasmuch as no blanket
significant differences were found bDetween the reinforcement and ex-
tinction groups, L & W have been confirmed. However, to interpret
these results as favorable to L & W would be to ignore the trend of the
F-ratios found, vhich was in a direction favorable to 5G.

It 18 a matter of record that a few rats which should have
learned quickly learned slowly instead, thus favoring L & W. It is,
on the other hand, similarly a matter of record that some rate that
should have learned slowly, if L & W were right, learned quickly in-
stead, thus favaring the Hull -Spence position. Ignoring at this time
the ultimate necessity of explaining these internally anomelous results,
and recognizing that psychology in its present stage of development must
deal with probabdbility statements and not with certainties, the resultes
reported favor strongly neither L & W nor Hull and Spence, but rather

point to the necessity of conducting a more exact repetition of the
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L & W study with a much larger number of subjects. It has been further
suggested that a more crucial test of generalization would entail traine
ing large numbers of animals to the necessary criterion, and then record-
ing only the very first jump of the discrimination trials; this would al-
low the use of a non-parametric test of significance and would eliminate
the objection of dependency.

It ie the feeling of the writer thet 4f this experiment were re-
psated as briefly outlined above, the results would faver the 8G posi-
tion, and not the position taken by Lashley and Wade.

The differences in apparatus and subjects found should serve as a
wvarning to any animal experimenters undertaking to investigate the re~
sults of other workers in the field, that apparently unimportant differ-
ences in procedure can lead to the drawing of conclusions different from

vhat might have been expected.
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