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PATTER DISCRIMINATION LEARNING
WITH RHESUS MONKEY81

SANDM R BLEMERT
Stanford University

Summary~—Rhesus ‘monkeys were trained to criterion on a 2-stimulus and
a 5-stimulus pattern discrimination task. The probabilities of response to the
various stimuli throughout learning are examined for individual Ss, and it is
found that Ss exhibit consistency in the order and manoer in which incorrect
stimuli are eliminsted. This suggests a simple mathematcical description of
the process, which is used to deepen the analysis of the data, permitting esti-
mation of individual lesrning parametecs and construction of more meaningful
summaries of ;he gtoup data. :

There are very few pubhshed""qata on, pattem dlsctmunatton in primates
that would allow one to choose amigeg sevesal alternative descriptions of the
learning process. ‘For' mmple, : leaxdng be dmcube& by models that
predict a gradua deetgeﬁc u& of correct and incorrect re-
, ¢ is there dn appreciable penod of ran-

dom choice mnong‘the alte efore my dxvergence is observed - (Atkin-
son & Estes, 1963)? ' When more than two alternatives are present, do all of

X,. A

the incorrect responses begin to drop: «out together (possibly at different rates) or .

are they eliminated consecntively? -

Using retarded chlldten, Zeaman and House (1961)  found that the rise
in the probability of a correct fesponse on a two-alternative discrimination was
preceded by a period of random responding and that the length of this period
depended on the mental age of Ss (the rate of the rise once it began seemed to
be relatively independent of mental age). Unpublished observations from K.
H. Pribram’s laboratory suggest that similar results are found with subhuman
primates, at least where the discrimination is of appreciable difficulty. No evi-
dence seems to be available concerning the second question.

The data reported here are from Rhesus monkeys trained on a two-alterna-
tive and on a five-alternative pattern discrimination. The results for individual
Ss are presented and are analyzed with the help of a simple mathematical model
which permits estimation of learning rate parameters and the trials on which
stimulus discrimination begins.

*This research was supported by USPHS Grants MH-03732, MH-15, 214 HD-00918-04
and U. S. Army Contract DA-49-193-MD 2328. The author wishes to thank R. C. At
kinson and K. H. Pribram for their assistance in the preparauon of this manuscnpt “The
experiment was conducted accotdmg to the APA statement of “Guiding Principles for the
Humane Care and Use of Animals,” December 15, 1962,
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METHOD
Subjects

Ss were eight Rhesus monkeys 12 to 18 mo. old at the start of training.
They comprised the Normal (Nos. 160, 162, 165, and 170) and Crosshatch
(Nos. 158, 159, 161, and 166) groups of a study dealing with the effects on dis-
crimination ability of two types of lesions in the inferotemporal neocortex
(Pribram, Blehert, & Spinelli, 1966). Prior t discrimination training the
Crosshatch §s underwent surgery in which a net of small verrical subpial cuts
was made bilaterally in the inferotemporal cortex. No differences could be de-
tected between the Crosshatch and Normal groups on any of the tasks, and they
will be treated together in this report (see Results and footnote 5).

Apparatus

All testing was carried out in the DADTA machine (Pribram, Gardner,
Pressman, & Bagshaw, 1962), an apparats for programmed presentation of
stimulus patterns and automatic response recording. § sat in a travelling cage
facing an array of 16 plastic panels (4 X 4 array), onto which the stimulus
patterns were projected from the rear. When § pressed any panel on which
a pattern appeared, a microswitch was activated and the discriminanda disap-
peared for 6 sec,, after which they reappeared on another randomly chosen set
of panels. If the stimulus chosen was the correct one, a peanut was delivered
into a cup in the center of the array. If an incorrect stimulus was pressed, noth-
ing happened during the intertrial interval. Responses to panels on which no
pattern was displayed produced no change in the display. Presentation of stim-
uli was controlled automatically from an adjacent room and the responses ( posi-
tion and identity of the stimulus chosen) were recorded on punched tape. An
overhead light provided illumination in the testing cage, and the noise of a
blower masked extraneous sounds.

Pretraining

Ss were trained to enter travelling cages from their home cages and their
behavior was gradually shaped in the testing apparatus to press any panel on
which an illuminated pattern appeared. The pattern used for pretraining was
the number 1. The number of lighted 1s was gradually reduced from 12 to 1,
and shaping continued uantil $ responded about 60 times over 2 consecutive
days to presentation of a single 1.

Throughour training (except just prior to surgery and during the 2 wk.
allowed for recovery) Ss were fed 8 to 10 standard lab pellets per day and an
occasional orange in addition to the peanuts they obtained during testing. Sur-
gery for the Crosshatch s followed pretraining. After recovery, retention of
the pretraining responses was checked for all of the animals and then training
began.
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Training O :
Fifty trials were givém per day. The only exceptions were the 30 trials of
the first day and the few times when S refused to test, All discrimination
training was continued until Snm:hedn criterion of 90% correct on 2 con-
tecutive days. The discriminations which S5 learned were as follows.
Two-stimulus discréminasion.—The discriminands were the numbers 3 and
~ 8. The positive stimulus was 3. On each trisl the following sequence of events
occurred. - The 3 and 8 appeared on 2 panels chosen randomly from among the
16 panels available. S made a choice by pressing one of the 2 panels; if the
~ choice was correct he was rewarded. In the event of either a cotrect or an in-
correct response the stimuli- disappeated for the 6-sec. intertrial interval and
then reappeared on two other tandomly. chosen panels.? :
Multiple-stimulus discrimination—The 5 stimuli for this disctimination
“were the capital letters A, H, K; N, and M. The M was the rewarded stimulus
pattern.  The sequence of events on each ‘trial was identical to that of the pre-
" vious discrimination except for the ‘Nadber of patterns displayed.
7 Reswutsand Dpcussioy |
“The trials to- cricetion, N,
" that the 3-8 discrimination was ¢drisic
© The individual learning curves of Fig. 1 show that the probability of a
 response ¢o the cotrect cue ini-the 3-8 discrimination, Pr(3), does not rise grad-

" TABLE 1
TOTAL TRIALS TO Q{l'!'nllON, Nc, FOR mCH $ ON TwO-STIMULUS
AND MULTIPLE-STIMULUS DISCRIMINATIONS

S N N. Nl
3w 8 Multiple
N-160 380 800
N-162 © 280 400
N-165 380 550
N-170 450 700
C-158 480 400
C-159 280 575
C-161 680 750
C-166 230 450
M, including Subject 170 395.0 578.1
M 387.2 560.7

*A very simple discrimination between a Red and a Green circle was presented between the
2-alternative and the S-alternative discriminations. The results are not relevant to this
paper. They can be obtained from the report of the inferotemporal lesions.

"Subject 170 has been dropped from the rest of the analysis. The taped records of his
performance on 3 days of the multiple discrimination were incomplete and only the num-
ber of cosrect responses could be determined.

the o distciminacions (Table 1) indicate
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Fig. 1. Observed and predicted proportion correct responses for individual §s aon
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 #' used in constructing the theoretical curves
are those given in Table 2.

uvally from the beginning of training. For all §s except one there are a2 least
two days during which no change occurs in Pr(3). This period is succeeded
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by a gradual incresse in' Pt(?}) to the criterion level, The one exception, Sub-
ject 162, smres to-discrigiinate by the second block of 25 ttisks. In contrast to
these individual learninig curves, the mean learning curve (obtained by as-
suming each § to be responding perfectly after criterion) rises gudually
‘throughout with only a small initial negative acceleration to hmt at what is
occurring in the mdxvxdual S'sdata (Plg. 2a).
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- F1G. 2b. Mean propomon responses to each sumulus on multiple discrimination in
25-mal blocks (N = 7)

That ¢his long initial period during which there is no change in the re-
sponse probabilities is not peculiar to the two-choice situation and is not due
to the monkey’s lack of familiarity with the discrimination procedute, is dem-
onstrated by the individual learning data from the multiple stimulus prob-
lem (Fig. 3). All of the cues are chosen with equal probability before the three
cues, A, H, and K, begin to drop out simuitaneously. No discrimination among
these cues was evidenced—in all cases choices of each cue dropped suddenly to

about 1 or 2 in 25, hence the average value, Pr(d) = 4[Pr(A) + Pr(H) +
Pr(K)], was plotted to minimize confusion of the various curves. AsThese cues

md mdudes :il of the S! by no er-.
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Fic. & Observed and predicted proportion responses to each stimulus for individual
5s on multiple discrimination in 25-trial blocks.
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F16. 3 (Cont'd). Observed and predicted proportion tesponses to each stimulus for
individual §s on multiple discrimination in 25-urial blocks. The values of N, Ne, 8, and 8,

used in constructing the theoretical curves are those given in Table 2. Pr(A) is the mean

guzpo;:}non responses to the A, H, md K snmuh. ie, Pr(4) = V3 [Pr(A)+ Pr(H) +
(K

dtop out, choices are divided nmong the M and N, whose probabmtxcs thus in-
crease to about 15, until they are discriminated from each other, As in the 3-8
‘discrimination, the mean’ k:mnng*a rve: fou all Ss (Fig. 2b) does not reflect
-accurately what is happening in-thé individim} curves. The inidial period of
 equal. choice among the cues is evidene, but then learning seems to be very
gradual with snmulus N d:oppmg out at a somcwhar slower rate than the AHK
group.

A more detailed examination of these observanons can be achieved by
writing a set of equations which describe the response probabilities throughout
learning. Consider first the two choice situation. Let # represent the trial
number, and let N be the ttial on which discrimination between the two stim-
uli first begins. Then assuming for simplicity that the cues drop out at a rate
given by &: '

2 9 6 8

, for n=N’

Jr
Pr(3s) -—{ 1 — (1 — )™ , for n > N’

where of course Pr(3,) = 1 — Pr(8,).
The multiple-choice case can be formulated in a comparable manner, where
N, represents the trial on which the AHK group begins to drop out, and N,
represents the start of discrimination between the M and the N:
, for =N,

Pr(My) = J-(1/2) [T —(1 -8 " ]’-l— (1/5)(1 —e"-%, , for Ny < n=Ny
1—(1/2)(1--0:) , for #> Na

]' , for n== N,
Pr(Nn) = (1/2) 1—-Q -—0:)"‘ Y4 (1/5) (1~ 80", for Nh < < Ns
1(1/2) (1 — 85)"- ! for n> Ns
f , for n= N,
Pr(Au) = (3/5) (1 —e) 7 , for <= N,
1 0 , for #> N: .
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~ Fi6. 4. Example of predicted proportion responses to each stimulus in multiple dis-
crimination, 25-trial blocks. Pr(d4) is mean proportion responses to the 4, H, and K

Parameter values used are the average values tor the group: N1 = 2037, N: = 353.6, 6,
= .047, and 6, = .022.

Fig. 4 shows the learning curve generated for the multiple discrimination by
these equations using illustcative values of the parameters Nj, Na, 65, and 6.
Prior to N the cues are chosen equally. At N, the AHK group begins to drop
out with a rate given by 6y, and Pr(M,) and Pr(N,) rise together w0 15, At
N, the stimulus N begins to drop out with rate 8, and Pr(M,) sises to 1.* The
form of the learning curve for the 2-stimulus discrimination will be appatent
from the preceding discussion.

Estimates of N’, Ny, and N, for each S were obtained by setting them equal
to the number of the lasc trial of the block preceding that block in which the

TABLE 2

PARAMETER ESTIMATES FOR EACH § ON TwO-STIMULUS AND
MULTIPLE-STIMULUS DISCRIMINATIONS

s N NeN' & N, N:  N.-Ne B, B
160 330 150 029 300 600 200 023 019
162 30 250 011 125 225 175 043 026
165 280 100 071 300 450 100 025 056
158 355 125 045 100 200 200 067 022
159 130 150 020 350 400 175 035 015
161 s30 150 024 275 400 350 014 008
166 80 150 038 200 200 250  .120 005
M 2336 1536 035 2057 3536 2071 047 022
B 1606 302 018 885 1404 716 .03 016

Note—Estimates are given for N', ¢, Ny, Na, 81, and 0z, and for the values of No — N

and N, — N resulting from these estimates. Means and standard deviations appeas in
the last two rows.

‘Note that Pr(As) for N: < n is arbitrarily set equal to 0. This is not a necessary re-

striction in the model but is done on the assumption that its actual value by Trial N: will
be small.
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appropriate probabilities gpipes red to separace (Table 2).3 Mote sophisticated
methods of estimation coald be ‘used, but it was felt that these estimates ob-
tained by visual inspection were sufficient for the purposes -of this paper.  The
reader may determine whether or not significant biases seem to have been in-
troduced by the values chosen. The means of the obtained estimates are: N’ ==
233.6, Ny = 205.7, and N3 = 353.6. Thus, in the 3-8 discrimination it took
an average of approximately 5 days for Ss to reach N’ and about 3 more days to
teach criterion. In the multiple discrimination, N; was reached in about 4 days,
N; in 3 additional days, and criterion after another 4 days.

These estimates permit the construction of meaningful summaries of the
data for the whole group in the form of modified Vincent curves. The learn-
ing curves for each § were aligned at Trial N’ and the 2 parts thus formed were

each Vincentized in fifths (Atkinson, Bower, & Crothets, 1965). For example,.

Subject 160 has 9 blocks of trials prior to N’ and 6 blocks from N’ to N, 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 £ifth is given by (5/9) (.55)
+ (4/9) (.60) = 57. This wnsdongﬁox both parts of the 38 &imfimma-
tion and the tesulu g ¥ :

‘at Ny and Ng md V‘mceatnzing in"fif
~ two-segment Vincent curve for the 3-8 discrimination and a duee-segmem Vin-
cent curve for the multiple &scnmxmuon«-aze shown in Figs. 5a'and 6a. Each
segment of the Vincent curve is drawn so that its length is proportionate 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 nor-
mal manner, that is, by dividing the rosal number of learning trials into 10 pares
(3-8 discrimination) in the same manner as above, but without regard for Trial
N’. The data for the muitiple 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 obscute the significaat features of the data, al-
though the initial period of random choice and the increase in Pr(N) as the
AHK group is eliminated are still perceptible. And even though the normal (or
unsegmented ) Vincent curves are not as informative as those constructed using
the parameter estimates, they still preserve more information than do the mean
learning curves of Figs. 2a and 2b.

Consideration of Table 2 reveals a very small variability among Ss in the
number of trials between N’ and criterion, N.. The standard deviation of the

*This analysis was originally underraken to find out if there were any dxffcrcnces between
the normal and operate S5. They do not differ sngmfxcamly in total trials to criterion, in
the trials spent in each segment of their learning curves, i.e., the values of N’, Ny, and N,
or in the estimated learning-rate parameters (Mann—Whnney U test, Siegel, 1956)
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FIG. 5. (a) Two-segment Vincent curve for 2-stimulus discrimination. Each point
within the segments before and after trial N’ is the mean proportion correct responses for
one-fifth of that segment (see text) (N = 7). (b) Regular Vincent curve of propos-
tion correct responses in 2-stimulus discrimination. Each point is mean proportion for
one-tenth of the total trials (N = 7).

length of this segment is 30.2 trials as compared to 160.6 trials for the standard
deviation of N’. This suggests that the total number of trials which § requires
1o Jearn the discrimination is primarily determined by the length of the inital
segment, rather than by the rate at which the discrimination is atwined after it
once begins. If this is correct, the variability of N, and of No — N in the
multiple discrimination would be expected to be greater than the variability in
N, — Na.. The observed swndard deviations are 88.5 trials and 1404 trials,
compated © 71.6 trials in the last segment. The second segment, Np — Ny,
would be expected to have the greatest variability because it includes any vari-
ability which does exist in the number of trials taken to eliminare the AHK
group. Although one would cerrainly hesitate to attach too much significance
to these values, they seem consistent with the idea that the most variable proc-
ess is the inital elimination of responses to irrelevant cues before overe dis-
crimination begins. To be very clear on the matter of relative variability would
require that one develop a mode! which made predictions for the Ns on the
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basis of some paramctexf s), whose valnc(s) could then be estimated. The
e values of these paratneters as compared with those
of &, 6y, and #: would ptovxde a 'shatper ‘answer t0-this question than does com-
parison of varisbility itt the number of trials in different segments. It should
be noted that one cannot conclude from these data that this variability depends

on differences in the abilities of Ss, and the idea discussed above does not re-
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FiG. 6. (a) Three-segment Vincent curve for muluple-snmulus discrimination.
Bach point within the segments marked off by trials N; and N. is the mean proportion of
responses for one-fifth of that segment (N = 7). (b) Regular Vincent curve of pro-
portion responses to each stimulus in multxple-snmulus discrimination. Each point is mean
proportion for one-fifteenth of the total trials (N = 7).

quire that it do so. In fact, there is a lack of correlation between the lengths of
the initial segments, N” and N,, on the two discriminations (p == .13). Zea-
man and House (1961), however, did find that the initial plateaus of their Ss
were related to individual differences in mental age. They had no evidence
that the rate of divergence was dependent on mental age.

The estimated values of N’, Ny, and Ns can also be used to obtain estimates
of #, 0,, and 0. for each S. For & this was done by setting the observed
number of incorrect responses after N equal to the theoretical value and solv-

ing for 6
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