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Stimulus discrimination in classical oonditiming lis usually achieved 
by the methlod of "oon.trrasIts" (Pavlov 1927) in which the two s~bimuli to 
be differentiated are randomly alternated and cme ( C S f )  is followed by 
reinforcement while the other (CS-) icj: not. Since Teaponses generalize 
in conditioning, mot only t o  slthuli on the same physical icontinuurn as 
the training stimuli, but to stimuli from other modalities as well, differen- 
tiation typioally takes some time to bec~olme established. Whether it is 
extinction of the response to the oontraist stimulus, lor the develcpnenrt 
of inhibition is a theoretical issue; the empirical evidenice merely indlicates 
that differentiation a p p e m  bo have a time oourse. 

Pavlov noted that the differentiation (of closely allied stimuli often 
p~oved difficult to establish but, if  the conbast wtimulus were made 
"remoter" and then s l m l y  bought  closer to the conditional stimulus, 
stable differentiation ~amld be obtained. This same procedure has been 
used in opmajnt rn instrumental !research i~n developing, for example, 
"errorleas" learning (Tmace  1963ab). 

In the course of a study involving classical oonditioning of heart rate 
(HR) in Rhesus monkeys, clear differentiation of stimuli on a line-tilt 
continuum was not obtained In two out oi three subjects by the end of 
15 sessions  of contrast baining. The present paper describes the results 
of using several training techniques oommcmly used in the develapment 
of stimulus control of operant behavio~ (Terrace 1966). 

METHOD 

Subjects. The subjects were three male Rhesus monkeys obtained 
from a comeroial  importer and judged to be between two and fiour 
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years old. They were maintained on stamdalrd Pabwato~y cholw with sup- 
plemental feedings of fresh fruit given daily. 

Apparatus. The monkeys were restrained in primate chairs mlounted 
on slides in wooden chambers, the inner sides of which had been covered 
with acoustic tile to improve sound attenuation. Line-tilt stimuli were 
presented by an in-line projector positioned approximately 25 cm in 
front of the monkey's head. The lime, 3 mm wide, appeared on a 2.5 cm 
circular light plat~ch lm the face of the p j e c t m .  The positive stimulus 
(CS+) was a vertical line (designated 0") while the contrast stionulus 
(CS-) was a line tilted 45' to the left (designated -45"). Electric shock 
was used as the unconditional stimulus (US) and was delivered 
through foot electrodes (Weis  and Latim 1962) to which the monkey's 
feet were strapped before each session with atrips of cloth fastener 
(Velcro). 

Remuding of HR was aoxxnpiished by use of a belt amd vest system 
(Ramsay et al. 1968). Briefly, a belt with two surface electrodes was 
strapped around the monkey's shaved chest and then a sleeveless, leather 
vest placed on the monkey to prevent him f ~ o m  disturbing the elwtrodes 
or the wires attached to thean. EKG bracing6 were recorded on a polygraph 
and analyzed by hand. Both recoding and control equipment were llocated 
in a separate room. 

Procedure. Prior to differemtiakilon training, the monkeys had been 
exposed to a variety of procedures including chair adaptation (9 sessions), 
CS+ aidaptation (5 sessions), one smsitizatim testiing session, further CS+ 
adaptation (4 sessions), 13 sessions af Pavlovian delay conditioning, and 
a generalization test session ( R m a y  1969). During the conditioning 
phase, 14 trials were ischeduled each session with a CS+ duratilon of 
30.5 sec amd US duration oif 300 msec, with US mset coincident with the 
end of the 30th sec of CS+. Shock intensity was adjusted f'or Individual 
animals amd varied fi-elm 6.0 to 9.0 ma. The intertrial interval averaged 
7 min, onset-to-onset, with la range of 5-9 min. EKG was recorded prior 
to, durimg, and after CS+. 

The differentiatitom phase of the mafin shdy ,  which will be ~eported 
here, can be more easily fidlmed if it is broken down into three sections. 
With the beginning of this phase, the contrast stimulus (CS-) was pre- 
sented on half of the 14 trials. The CS+ and CS- brials were alternated 
acconding to a modified Gellemam series. Five separate sequences were 
constructed and were rotated fmm session to session. Shock was omitted 
on CS- trials while CS+ trials continued to te~minate  with foot shock. 
Stimulus duration, interbrial interval, and session length remained un- 
changed 5 r m  the preceding conditioning phase. 
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RESULTS 

Phase I. Method of contrasts 

During the first sectilon, the animals were given 15 sessions of differ- 
entiation training under the contrast procedure desorilbed above. Gene- 
ralization tests, canductd under extinjcticm conditions in single sessions, 
were ladministered periodicall$ but the data will not be repmted here. 
The first four sessions (of contrast training were followed by the first 
generalization test. A second block of four sessions was followed by the 
sec~ond generalization test. During these four sessims, shock intensity had 
been increased for m e  monkey (C-3) because !of what appeared t~o be an 
attenuated mdiac  response t o  CSS. Next, a block of three more sessions 
of contrast training was run. By this time, there was no clear evidence 
of sbable cardiac differentiation in two of the three animals. The white 

M E A N  

DAYS 1-4 DAYS 5-8 DAYS 8-11 DAYS 12-15 
(INC. SHOCK) (RED H.L.) 

COND. DIFFERENTIATION 

5 SEC PERIODS 

FIG. 1. Effects of differentiation training upon conditioned HR in C-3. The lower 
panel represents HR responlse to CS+ (solid line) and CS- (dashed line) averaged 
o v a  the number of sessions indicated below each function. The avmage function 
obtatned during the last three days of conditioning is provided far comparison. The 
upper panel represents pooled skandand deviations of the functions p~esented i n  

the lower panel. 
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ceiling houselight was replaced by la 7.5 w red bulb, j?n an attempt to 
enhamce the discrimimability of the projected stimuli, amd a final block 
of f o u ~  sessions were conducted under these conditions. 

The results of this section for the three mmkeyts, C-3, C-4, and C-8 
(excluding the data from the gmeralizaticm tests) are s u m x i z e d  in 
Fig. 1, 2 and 3, respectively. The HR curves (looated in the lower panels) 
were obtlained in the fiollowing manner: The stimulus period was divided 
into six 5-sec intervals (m "bins"), the number of systoles counted in 
each and converted to beats-permimute (BPM). The HR in the last 5-sec 
bin prior to stimulus onset was taken to represa t  the prestimulus level. 
Each curve is based upon seven 5 - s ~  intervals beginning with the pre- 
stimulus bin and continuing through the stimulus (omitting the final 
0.5 sec). Each point lrqresents the mean, for that bin, of a l l  trials for the 

l o  11-l3 
DAYS 1-4 DAYS 5-8 DAYS 9-11 DAYS 12-15 

(RED H.L.) 
0 ...................... 

COND. DIFFERENTIATION 

5 SEC PERIODS 

FIG. 2. Effects of differentiation training upon conditioned HR in C-4. The lower 
panel represents HR response to CS+ (solid line) and GS- (dashed line) averaged 
over the number of sessions indicated below each function. The average function 
obtained during the last three days of conditioning is provided for comparison. The 
upper panel represents potoled standard deviations of the functions presented in 

the lower panel. 
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number of sessions indioated on the graph. Included, for oomparison, are 
curves representing the HR response during the last three days of con- 
ditioning. The upper panels contlain the pooled standard deviations of 
the means plotted in the l w e ~  panels. The data far C-8 differ from the 
other two in that the first two days of contrast training have been omitted 
because an apparatus failure resulted in shock mission on CS+ trials. 

4 0  S.D. "/' 
', .. -- . -.J 

20 b+ ,------- q 
'z"r \--/.*' 

10 I ..., 

leOj DAYS 11-13 

O L  

COND. 

DAYS 3.4 - DAYS 6.8 DAYS 0.11 DAYS 12-15 
(RED H.L.) 

5 SEC PERIODS 

FIG. 3. Effects of differentiation training upon conditioned HR in C-8. The lower 
panel represents HR response to CS+ (sdid line) and CS- (dashed line) averaged 
over the number of sessions indicated below each function. The average function 
obtained during the last three days of conditioning is provided for  comparison. Data 
from differentiation days 1, 2, and 5 have been omitted for reasons given in the text. 
The upper panel represents pooled standard deviations of the functions presented 

in the lower panel. 

Faulty belt placement on day fifth made a,ccurate retrieval of EKG data 
impossible. Data from these sessions, therefore, have been omitted. The 
curves have been averaged lover blocks of sessions separated either by 
a generalization test olr a change of expesimmtal conditions (i.e., intro- 
duction of the red houselight). 
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The first function, on the left, in each of these figures repressents the 
cardiac response to CS+ duning the last three days of conditioning. 
Although individual differences are manifest, all three animals evince 
a biphasic cardiac response to the delay CS+, with initial acceleration 
followed by deceleration (Smith and Stebbins 1965), and this wavefonn 
is maintained during differentiation. The data from the first block of 
sessions of contrast training failed to reveal any evidence of discrimiaa- 
tion between the two stimuli. During the second block, monkey C-4 
appeared to discriminate well, whereas the othw two did not. In the 
next block, the HR differentiation of C-4 began to disappear, C-8 con- 
tinued to generalize between the two stimuli, and there is same evidence 
of discrimination in the data of C-3. Because of this separation of CS t 
and CS- curves on days 9-11 For C-3, it is unclear whether the distinct 
differentiation during the last four sessions (with the red houselight) was 
due to the simple emergence of a discrimination with continued training, 
or to the altered experimental conditions. Certainly, changing ambient 
illumination had no beneficial effect m 'differentiation in the other two 
animals. C-4 continued to lose the earlier discrimination and C-8 con- 
tinued to respond simlilarly to both stimuli, 

The variability measures, in the upper panels, partially confirm the 
findings of Lynch (1968) who showed, in dogs, a decrease in HR vaciability 
during CS+ compared to pre-CSf levels. He, however, averaged HR 
over the entire CS+ duration (11 sec). Figures 1, 2 and 3 show an initial 
drop in variability followed by a subsequent rise later in CSf .  

Phase I I .  CS-manipv.lalion 

The failure to obtain oonsistent cardiac differentiation in two animals 
prompted the use of a (pocedure originally suggested by Pavlov. He 
pointed out that a differentiation of closely allied stimuli may be diffi- 
cult to establish unless one were to begin with a larger difference between 
the two and slowly namowed the gap (Pavlov 1927, pp. 121-122). The 
CS-, therefore, was changed to -90" (a harizontal line) for C-4 and 
C-8 and nine sessions devoted to testing under these conditions. The CS- 
was maintained at -45" for C-3 who continued to show sharp differen- 
tiation. Changing CS- for C-4 and C-8, however, had little effect upon 
cardiac differentiation. Samples of HR data from this period will be 
presented later. 

Since simply inoreasing the difference between CS+ aind CS- failed 
to produce differentiation, alnothw strategem was tried. The addition 
of another stimulus dimensiton and its gradual elimination has been used 
to produce "errorless" learning of operant disorirninations (Ter~ace 1963b) 
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or to train initially difficult discriminations (Ray 1967). Several such 
"fading" procedures were adapted subsequently f o ~  monkeys C-4 and 
C-8, while daily sessions for C-3 were discontinued. 

The technique intvduced at this stage was to interrupt the light 
source during CS-, creating a flickering light, while retaining a steady 
CS+. Light interruption was selected because it allowed for a "fading" 
procedure by gradually  educing the interruption interval until it was 
no longer discriminakde by the animal. Initially, the light during CS- 
was interrupted once a second for 43 msec, the first interruption aclcur- 
ring 1 sec a f t e ~  CS- mset. At this point, CS- was still -90" and two 
sessions were conducted u n d e ~  these oonditions. FOT the next two sessions, 
intemption time was redu~ced to 20 msec. This was fdlolwed by two 
sessions at 5 msec and f~inally, three sessions w-ith an uninterrupted CS- 
(0 msec). 

120) 0 msec 4 3  msec 2 0 msec 5 msec 0 mec 

0 L . , . ,,,,a,.....n 

5 SEC PERIODS 

FIG. 4. Effects of introducing and gradually withdrawing light interruption during 
CS-. The functions on the left were taken from the last two days of exposure to 
a steady CS- of -90'. The curves for CS+ (solld line) and=CS- (dashed line) were 
averaged over the number of sessions given in the text; the duration of interrup- 

 on is given under each function. 
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The results from this part of the study are presented in Fig. 4. Chang- 
ing CS- from -45" to -90' failed to produce cardiac differentiation. 
This can be seen in the first curve on the left which is the mean function 
taken f ~ m  the la& two of the nine sessions under these conditions. There 
was an immediate effect, however, when CS- was changed to a flickering 
light. Although CS- onset resulted in initial cardiac acceleration, the 
peak of the CS- function, for both animals, was clearly lowered. Dif- 
ferentiation continued to be s h t m  as the interruption time was reduced 
but, with a return to a steady CS-, the discrimination deteriorated and 
both animals were exhibiting ccmsiderable acceleration to the CS-. 

Phase I I I .  Final procedure 

The )preceding phase demonstrated that cardiac differentiation could 
be rapidly established by adding another stimulus aspect to the CS-. 
The failure to maintain differentiation may have been the result of fading 
out the flickw too quickly. In the final attempt to produce clear and 
stable differemtiation, the flicker was re-established and the CS- was 
progressively changed back to -45'. The first session was conducted with 
the line tilt at -75' and intmruption time at 20 msec. On the follwing 

2 0  mrsc 20 mrec 2 0 ~  l 0 w c  5 mrpc 3 msec 
I-eoo1 0 w c  

0 ' , " " d  LLLLLV LLLLY WYY - 
5 SEC PERIODS 

FIG. 5. Results of the final attempt to train differentiabion in C-4 and C-8. Line tilt 
of CS- was -45" exceqt where indicated otherwise. Functions for CS+ (solid line) 
and CS- (dashed line) were averaged over the number of sessions given in the text. 

Duration of interruption is given under each function. 
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session, line tilt was reduced to -60°, and then to -45' on the succeed- 
ing two sessions. With a return to the original CS-, the interruption 
time was gradually reduced. During the next two sessions it was set at 
10 msec, fodlawed by two sessionis at 5 rnsec. The next four sessions were 
cmducted with an interruption time of 3 rnsec and, finally, five sessions 
were conducted with a steady CS-. 

The results of this section are presented in Fig. 5. Each curve is 
based ion the number of sessions specified above. It  can be seen that 
reintroduction of the flicker hald an hmediate  effect on CS- responding 
for C-4, but that C-8, though still showing evidence of differentiation, 
retained considerable acceleration to CS-. With a return to a steady CS-, 
a f t e ~  a more gradual elimination of the flicker, both animals exhibited 
fairly ponounced cardiac differentiation. During the early stages, CS- 
curves peaked earlier in the stimulus than the CS+ curves. Although 
this feature was retained in the case of C-8, CS- curves for C-4 began 
to peak later in the stimulus until, with a return to the steady CS-, 
the CS- function paralleled that of CS+ but with reduced magnitude. 

DISCUSSION 

The initial failure to obtain stable cardiac differentiation in two 
animals after 15 sessions of training may reflect an inherent problem 
f m  Rhesus monkeys with the stimulus continuum employed. Ray (1967), 
for example, found that without special braining procedures, similar to 
those used here, line-tilt discriminations in an operant study were diffi- 
cult to establish in Rhesus monkeys. There is the possibility, of course, 
that discriminations of angula~ity shaw up poorly in feral addescent 
monkeys because of prior conditioning histories which do not favor the 
development of s imila~ discriminations and which, therefore, make trans- 
f e r  more unlikely. 

It  should be noted that one procedural aspect may have contributed 
to the difficulty in obtalining differentiation. Following common practice, 
CS+ and CS- triads were scheduled equally often. Bersh et al. (1956), 
on the other hand, in establishing candiac differentiation in human sub- 
jects, maintained a 540-2 ratio of CS- to CS+ trials. Nathan and Smith 
(1968), who measured HR in monkeys under a differential conditioned 
suppression procedu~e, found it necessary to maintain a 7-to-1 ratio of 
CS- to CS+ trials in oirder to establish and maintain cardiac differentia- 
tion. They state that this ratio was used to prevent stimulus generaliza- 
tion of HR and elevation of cardiac basal levels. The data presented here, 
however, indicate that a reduction in the number of shocks per session, 
in the transition from conditioning to differentiation, results in a lower- 



ing of pre-CS HR (Fig. 1, 2 and 3). It is still possible that cardiac differ- 
entiation might have been obtained earlier if some ratio other than 1-to-1 
had been used. 

The later differentiation phases tdemonsbrated the effectiveness of the 
"fading" procedures. The addition of another stimulus dimension exerted 
an immediate and powerful effect on cardiac differentiation. The reinstate- 
ment of the HR response to CS- when light flicker was removed too 
rapidly argues against the possibility that cardiac differentiation would 
have developed if training had been merely extended under the contrast 
procedure. 

SUMMARY 

Three monkeys were exposed to a classical conditioning procedure 
with randomly alternated positive and negative stimuli (CS+ and CS-) 
with electric shock following only CS+ presentations. Two of the three 
animals failed to achieve heart rate (HR) differentiation after 15 sessions. 
Changing the sepa~ratilon of the two stimuli along the underlying physi- 
cal continuum, line tilt, failed to produce differentiation in these two 
subjects, but when CS- was changed from a steadily illuminated to 
a flickering light, HR differentiation was quickly achieved. "Fading out" 
of the flicker resulted in substantial loss of the differentiation. A further 
attempt, with mare graldual removal of the flicker, resulted in reten- 
tion of a mlore distinct cardiac differentiation upon final elimination of 
flicker. 

This paper is based on a dissertation submitted in partial fulfillment of the 
Ph. D. degree at  Columbia University. The author wishes to thank Professor 
W. N. Schoenfeld for his guidance and encouragement and Dr. A. G. Snapper 
for his invaluable support. The research was supported by the National Institute 
of Mental Health under Grant MH 13049 to Professor Schoenfeld and in part 
by the Veterans Administration. 
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