














automatlically from an adjacent rcon énd the responses (position and
identity of the stimulus chosen) were recorded on punched tape, An over-
head light provided illumination in the testing cage, and the noige of

a blower magked extraneous scunds.

Pretraining. BSubjects were trained tc eanter traveling cages from
thelr home cages and were gradually shaped in the testing apparatus %o
press any panel on which an illuminated pattern appeared. The pattern
used fqr pretraining was thg number 1, Thé number of lighted 1's was
gradually reduced from 12 %o 1, and shaping continued until the subject
responded gbout 60 times over 2 congecutive days to presentation of a
single 1,

Throughout training (except just prior to surgery ad during the
2 weelks allowed for recovery) subjects were fed 8-1C standard lab pellets
per day and an occasional orange in addition to the peanuts they obtained
during testing. Surgery for the Crosshatch subjects followed pretraining.
- Af'ter recovery, retention of the pretraining responses was checked for all
of the animals and then training began,

Training. Fifty trials were giveﬁ per day. The only exceptions were
the 30 trials of the first dey and the few times when a subject refused
to test. All discriminsticn training was continued until the subject
reached a criterion of 90% correct on 2 congecutive days. The discrimina-
tions which the subjects learned were sg follows:

Two-stimulus discrimination: .The discriminanda were the numbers 3

and 8. The positive stimulusg was 3. On each trizl the following sequence

of events occurred. The 3 and 8 appeared on 2 panels chosen randomly



from among the 16 panels available. The subject made & choice by pressing

one of the 2 panels; 1f the cholce was correct he was rewarded. In the

event of elther a correct or an incorrect regpornse the stimull disappeared

for the 6 sec. intertrial interval and then reappeared on 2 more randomiy
o2

chogen panelg.

Multiple~-sgtimulug discriminstion: The 5 gtimuli for this discrimina-

tion were the capital letteré A, H, K, ﬁg end M, The M was rewarded the
stimulus pattern. The geguence of events on each trial was ideatical to
that of the previcus discrimination except for the number of patﬁerns
digplayed.
Results and Discussion
The trials to criterion, NC3 on the two disériminations (Table 1)

indicate that the 3-8 discrimination was congiderably easier than the
multiple digerimination and that there was no significant difference

between the Crosshatch and Normal groups.3

gA very simple discrimination between a Red and a Green circle was
presehted between the two-alternative and the five;alternative digerimina-
tiocns. The results are not relevant to thig paper. They can be cobtained
from the report of the inferotemporal lesions.

3Subject 170 will be dropped from the rest of the analysis. The
taped records of his performance on 3 days of the multiple discrimination

are incomplete, and only the number of correct responses could be

determined,



Table L
Total Triels tec Criterion, NC3 for Bach Subject on

Two-Stimulus and Multiple-Stimulus Biscriminations

i N
Subject 3 vs? & Multiple
N-160 380 800
N-162 280 Lo0
N-165 380 550
N-170 450 700
C-158 480 400
C-159 280 575
C-161 680 750
C-166 230 h50

Ave, including

Subject 170 395.0 578.1
Average 387.2 560.7




The individual learning curves of Fig. 1 show that the probability of

a response to the correct cue in the 3-8 discrimination, Pr{3), does not
rige gradually from the beginning of training. Fér all of the subjects
ekcept one there are at least 2 days during which no change occurs in
Pr(3). This pericd is succeeded by a gradual increase in Pr(3) to the
criterion level. The one exception, subject 162, starts tb discriminate
by the second block of 25 trials. In contrast to these individual learning
curves, the mean learning curve (obtained by assuming each subject To be
responding perfectly after criterion) rises gradually throughout with only
a small initiel negative acceleration to hint at what is occurring in the
individual subject's data.(Fig. 2a).

| That this long iﬁitial period during which there is no change in
the response probabilities is not peculiar to the *two-choice gituation and
.is not dues to the menkey's lack of familiarity with the discrimination
.pfocedureg is demonstfated by the individual learning data from the
multipie stimilus problem (FignHS)n All of the cues are chosen with
egual probability beforg the A, H, and K .as a group are discriminated
from the M and N, As the AHK group drops out, the remaining responses
are divided between the M and the N until they are discriminated from
gach other. Because there appeared to be no discrimination among. the A,
H, and X by any subject, the mean chbice probabilities of these 3 cues are
shown in each graph and are labeled Pr(&). That is, Pr(A) in the
figures is equal to 1/3 of the sum of Pr(4), Pr(H)VS and PT(K); As in
the 3-8 discrimination, the mean learning curve for all of the Subjécts
(Fig. Eb).does not reflect accurately what 1s happening in the individual

curves, The initial pericd of equal choice among the cues is evident,
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Figure 1:

Observed and predicted proportion correct respopses for individual subjeets
.on the two stimulus discrimination. Each point is the mean for a 25=trial
block {the first point has 30 trials). The values of N® and 6° used in
constructing the theoretical curves are those given in Table 2,
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Figure 2a. Mean proportion corrvect respouses, Pr{3), on two stimulus
discrimination. FEach point is the mean for a 25~trial block
and includes all of the subjects by assuming no errors after
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Figure 2b. Mean proporbion responses to each shtimmiug on maloiple

discriminstion im 25-trial blocks., N = T«
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Observed end predicted proportion responses to each sbimidlug for Individual
subjects on multinle discrimination im 25-~trial blocks. The values of Ny,
No, 615 and 6o used in comstructing the theoretical curves are those
given in Table 2. Pr(A) 1is the . mean proporticn responses to Tthe A, X;

and K stimili, i.e., Pr{Al = 5 iPrl4) + PrelE) + Pr(K) ],
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“but then learning seems to be very gradual with stimulus N dropping cut
at a somewhat slower rate Than the ALK group.

A more detailed examinatlon of this learning process can be achieved
by translating the verbal description given above into a set of equaticns
which specify the responsé probabilities throughout learning. Consgider
Tirst the two—choice situation. Let n represent the trial mimber, and
let N' %be the trial on which diserimination between the two stimuli first

begins. Then translating our verbal description of the behavior:

g , for n <N
Pr(Bn) ={2 1 D—N' B
1=--2—(1--9') for n > N’

where of course Pr(3n) = 1 - Pr(8n),
The multiple-choice case can be formulsted in a compgrable manner,
where Nl represents the trial on which the AHK group begins to drop cut,

and N2 represents the start of discrimination between the M and the N:

f% , for n <N,
| 1 n-Ny; 1 n-Ny
={ =1~ (1L- =(1 - N
Pr(Mn) < 5l1 (1-6,) 1 + 5(1 9,) ,.for N, <n <N,
1 n-H,
kl—-é-(lweg) . , .for n>1\T2
(L , for »m <N
5 =71
1 n-Ny o1 -y .
Pr(Nn) = < E[ - (1-61) l + g(l-—Sl) , for Nl <n 2N,
1 o \B-N2 .
\-2-(1 -6,) , for o >N,
(3 e
5 s for n‘f‘:l
_l 3 n-Np
Pr(An) = 5(1- el) , for N, <n <N,
0 , for n>N, .
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Figure 4 shows the learning curve generabted for

by these eguations using illustrative values of

6,5 and 05, Pricr to N] the cues are chosgen s
group begins to drop out with a rate given by 8

Pr(Np) rige together to

cut with rate 92, and Pr(Nﬁ) riges to 1.‘,‘1'+ The
curve for the two-stimulus discriminstion will be
ceding discussion.
Estimates of N', Nlp and N2
getting them equél to the number of
that block in which the appropriate provablll

(Table 2).

N? the stlmulus W

gubject were c¢bltained by

the last trisl of

More sophigticated methods of sebimation could be

the multiple discrimination

the parameters ng Ngﬂ
mally. At Nl the AHK
end Tr(M )} and

beging to drop

form of the learning

(i}

appareny from the pr

thie block preceding
‘separale

uged, but

it was felt that these estimates obbtasined by visual inspection were suf-

ficient for the purposes of this paper. The reader may debermine whether

or not slgnificant blases szem bo have besn introduced Wy

The means of the obhained szgtimates are:

N, = 353.6. Thus, in the 3-8 discrimination it

il

he G

mately 5 days for the subjec reach N' and

criterion. In the muliiple discrimination, N

L

N

days, 5

A

N—; B 23306} ﬁ] i

about
wag reached

in 3 additional days, and criterion after another
L4

the values chosen.

205.7, and

btock an average of approxi-~

3 mora days to reach
in aboub 4

I days.

These estimates permift the counstruction of meaningiul summaries of

the data for the whole group in the form of modified Vincent curves.

The

o

set egqual to O, This

dona on the agsumption

4
Note that Pr{Ap) Tor W, < n is arbitrarily
2 “
is not a necessary restriction in the model, bub
that its actual value by Trial N. will be small.
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Figure 4: Example of predicted proportion responses to @ach

stimylus in maltiple discerimination. 25=tria.
blocks. PrlA) ie mean proportion responsss to
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average values for the group: ].\1":L = 205,77,

N2 =:‘5.5°6_? 81 = OO}'E'TQI az-‘d 82 = 30220

16




Parameter Estimatss for Hach Subjecht on Two-SLimailes and

Multiple Stimulug Discriminatlons. Esbimabes are Jlven fov
! 1

N, @, Nl’ i

and NQ - N

53 815 and 823 and Lor the Values of NC - N

1 Resulting from Those Esbimates., Means and

Standard Deviations Appear iu the Last Twe Rows,

Subject N' N N g 5, K. N N g 6.,

160 230 150 .029 300 fo0 20 .oe3 L0W9
162 30 250 LOLL 125 225 175 LOu3 026

165 2680 100 071 300 450 100 L0275 L0326
158 355 125 .05 160 200 200 06T 022
159 130 150 029 350 hO0 175 035 LOLS
i61 530 - 150 02k 275 koo 350 LO1N .008

166 80 150 038 200 200 250 L1120 SO05

Average  233.6  153.6 .035 205.7 353,6-"-207?I““:gsgw_mmtbga

o : 160.6 30.2 .018 88.5  140.4 71wg' :bﬁﬁ GBEG
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learning curves for each gubject were aligned at trial N' and the 2
parts thus formed were each Vincentized in fifths . (Atkinson, Bower, and.
Crothers, 1965). For exsmple, subjeét 160 has 9 blocks of trials prior

to N®' and 6 blocks from N' %o Nc' The first 9 blocks were collapsed
into 5 parts by multiplying Pr{3) in each block by an appropriate
fraction. Thus, Pr(3) in the first fifith is given by (5/9)(.55)

-L (4/9)(.60) = .57. This was done for both parts of the 3-8 discrimination
and the resulting probvabilities were averaged over the subjects. fn the
case of the multiple diécrimination the same procedure was followed, this
time aligning the subjecbs al Nl and NE and Vincentizing in
fifth s between these points. The results--a two-segment Vincent curve for
the 3-8 discrimination and a three-segment Vincent curve for the multiple
discrimination—~are:shown in Figs. 5a and 6a. Each segment of the Vincent
curve is drawn sco that its length 1s proporticnate to the mean number of
trials spent by the group on that segment (e.g., in the ratio of
205.7¢147.9:207.1 for the multiple discrimination).

For purposes of comparison, Vincent curves were constructed in the
normgl menner, that is, by dividing the total number of learning trials
into 10 parts (3-8 discrimination) in the same manner as above, but with~
out regard for trial N'. The data for the multiple discrimination was
divided into 15 such parts. These Vincent curves appear in Figs. 5b and
6b. As would be expected, this averaging procedure tends to obscure the
significant features of the data, although the initial period of random
choice and the increase in Pr(N) as the AHK group is eliminated are sfill
perceptible. And even though the normal (or unsegmented) Vincent curves

ere not as informative as those constructed using the parameter estimates,

18
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they shtill preserve more information than dc the mean learning curves of
Figs. 2a and b.
Consideration of Table 2 reveals & very small verlability among sub-

" jeebs in the pumber of trials betbween N’ and criterion, 'Ncﬁ .The stai-
dard deviation of the length of this ssgment is 30.2 Trs. ss compared Lo
160.6 trs. for the standard deviation of N'. This would suggest that the
total numiber of trials which a subject requires tc learn the discrimination

ig primarily determined by the length of the ifnitlal segment, rather than

ct
-

by the rate at which discriminaticn is attained afbter 1t once begins.

Additional support for this observation comes from the lack of correlation

between N' and NC -~ N (p=~.48), which suggssts that there are not

consigstent individual differences leading to faster learuning in bobh segments.
Such a nobticn would predict that The variabllify of Nl and of

N2 - Nl in the multiple discrimination would be greater than the variabll-

ity in N, - N,. The observed are stendard deviations, 88.5 trs. and 140.4
trs. compared to 71.6 trs. in the last segment. The second segment,

N2 - Nl, would be expected to have the greatest veriablility becauss it
includes any variability which does exist in the number of ftrials ftzken

to eliminaie the AHK group. Although one would hegitate Lo attach too

conclude from this data that this varigbility depends on differences in
the abilities of the subjects, and the idea discussed above does uob reguire
that it do sc. 1In fact, there is a lack of correlstion between the lengths

of the initial segments, N' ~and N, on the two discriminations (p = .13).
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The estimated values of N', le and N2 can also be used to obtain

estimates of @7, 813 and 0, for each subject. For o' this Wés dene

2
by setting the observed number of incorrect responses after N' egual to
the theoretical value and solving for 3‘5 namely, 6 is given by

N
c

5 - [2 ;Fﬁr@n)r .

In similar fashion, the observed number of AHK responses after N, and

1
of N responses after N, were used to estimate &, and o, (Table 2).
T™e mean values of these estimates are : 8' = .035, 3. = .OHY, and

1
@Q = ,022. The AHK group was not only eliminated first by all of the

subjects, tut with one ekception (subject 165) it was eliminated at a
faster rate than fhe gtimulus N. |

The individual learning curves generated by the model. using the_
various parameter estimates are shown in Fig. 1 for the 3-8 discrimination
and in Fig. 3 .for the multiple discrimination. They can be compared to
the obsgerved learniﬁg curvegs to obtain an i1dea of the adequacy"of.the
mathematical description. ,A statistical ftest of the correspondence cf the
model and thg data could be performed, but it is obvioﬁs from the varie
.ability of the individuel curves and the number of cbservations that
 such a test wquld lead to rejection of fhe model. What is emphasized
here is the gualitative similarity between the behavior ¢f the model and
the data.

A few discrepancies between model and data deserve comment.  In
the 3-8 discrimination all of the subjects start with‘a glight bias
toﬁard tﬁe 3. This i1g probably due to the slight disadvantage of the 8
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in brightness because of the lateral location of the bulb which illumi~

netes it in the display units. The appareant f£it of the eguations could

be improved if Pr(3n) for n < N' were defermined from the data. The
effect of this would be te glightly lower the estimated 8's. These new
eatimates have been examined, and the amount of change is guite small.

One other assertion of the model is not borne oub in the data, and
" the reason for this is not entirely clear. During the trialg between
N, and N, .Pr(Mh) and Pr(Nn) should be egual, Instead, Pr(Mﬁ)
seems to be sglightly higher thaa Pr(Nn) for a number of the subjects.
This difference, if'anythiﬁgg tends to decreass (in both the individual
and the group curves), which makes it ﬁlausible that Pr(Nn) is being
depressged because of some generalization betwesn the N and the AHK
group that diminisheg as these latber cues are eliminated. It might be
suspected that the difference results from selecting a value of N2
which is Goo large, that is, that the learning is much more gradual than
the selected values would indicate; In this caese, 1t is difficulld to ses
why the difference bebween Pr(Mﬁ) and Pr(Nnj would not
increase.

Although it is not the primary purpose of this paper, it is inter-
esting %o speculate sbout the events occurring on individual trials which
could generate the process déscribed gbove, The findirng that there are
long periods of random responses among stimull forces the conclusion thag
during these periods there.is a gradual increzse in the probablility that
the subject will hegin to resgpond to the properties which are relevant in
distingulshing one group of stimuli from anothsr. The converse assumption,

that this probability is constant (or decreasing), would imply that N',
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for example, should occur most often on trial 1, and progressively less
often on later trials for various animals. This prediction is analogous

to the geometric distribution of the trial of last error which is predicted
by the simple one-element model (Atkinson, Bower, and Crothers, 1965) .

One can now ask 1if this progressive, though not necessarily efficient,
elimination of cues is taking place primarily on correct or incorrect
responges, but here the data cannot provide any model-fre€ information.

It produces equivalent predictions about the qualitative pattern of
elimination of incorrect relevant cues to assume either that an errcr
leads to discriminstion of some difference between correct and incorrect
cueé, or to agsume that this cccurs on successful trialg, or both. Only
if specific assumptions about the relative importance of successes and
errorg ere made within the context of a learning model and this model is
tested can the guestion be answered. The data from this study are felt
to be too complei, because of the unanticipated grouping of the A, H,
and X, to warrant the necessary analysis. This analysis will
be attempted when data.is obtained from a three-giternative problem with
more control over stimvlus similarity.

Conclusion

The individual subject dabta from btoth two-and five-alternative
pattern discriminations ;upports the view that there 1ls a progressive
elimination of responses to irrelevant aspects of the discriminanda. At
some point discrimination of one group of cues from another begins and the
subject gradually learns to avoid the incorrect group. Choices are
'divided egually among any remaining cues until further disgrimination

beginsg. This process continues untll the incorrect cues have all been
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eliminated and only the correct one is chogen. This succesgive elimina-
tion of cues was made particularly cobvicus in the five~aliernative dis-
crimination because the same group of stimuli was eliminabed first by
all of‘the subjects and becauge there were aboubt 150 trials intervening
before the last stimulus was dropped.

The consistency of behavior found among the individual gubjects
is enceouraging. As we have shown, once this consistency has been described
by a set of simple mathematical equations, it can be captured in appro-
priately constructed group learning curvesg and not be lost asg it would be

with the usual averaging procedures.
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