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Constraints on autoshaping in the squirrel monkey: 
Stimulus and response factors 
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Lever responding in four of five naive squirrel monkeys was autoshaped when a visual stimulus was 
paired with food presentations. Despite topographical similarity between the auto shaped response and 
the grasping of food, neither lever responding nor measurable approach behavior was maintained when 
the occurrence of lever responding precluded the delivery of food. In the second experiment, in which 
an auditory stimulus signaled food presentations, autoshaping occurred when the manipulandum was 
constantly illuminated. The rate of acquisition was slower than when a visual stimulus signaled food, 
although responding was comparably eliminated in the negative response-dependency procedure_ 
Variability in the patterns of behavior leading to consumption in the squirrel monkey may account for 
the differences between the behavior of this species and pigeons when exposed to these procedures_ 

The results of autoshaping procedures in the squirrel 
monkey, in which key illumination is paired with 
presentation of food, contrast sharply with the reported 
findings in pigeons. Acquisition of the autoshaped 
response requires only 6-119 trials for pigeons (Brown & 
Jenkins, 1968) vs. 500-600 trials for squirrel monkeys 
(Gamzu & Schwam, 1974). Secondly, responding is 
maintained in pigeons even when responses preclude the 
delivery of food (negative automaintenance, Williams & 
Williams, 1969) while responding is virtually eliminated 
by this procedure in squirrel monkeys (negative 
response-dependency, Gamzu & Schwam, 1974). 
Th i rdly, while a response-independent fixed-trial 
procedure can maintain high rates of responding in the 
pigeon (Brown & Jenkins, 1968), it results in a marked 
reduction of responding in squirrel monkeys (Gamzu &. 
Schwam, 1974)_ Finally, topographical similarity 
between the autoshaped and consummatory responses 
(Jenkins & Moore , 1973) has been demonstrated in the 
pigeon. With squirrel monkeys, however, both the 
auto shaped keypress response and the patterns of 
behavior leading to consumption are variable (Gamzu & 
Schwam, 197zt.). 

Gamzu and Schwam (1974) suggested that the source 
of these differences may well lie in the nature of the 
topographies of autoshaped and consummatory 
responses. Indeed, among the predominant findings in 
the autoshaping literature is the similarity between the 
learned response and the unconditioned response evoked 
by the reinforcer (Jenkins & Moore, 1973; Peterson, 
Ackil, Frommer, & Hearst , 1972; SqUier, 1969)_ It has 
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been suggested that this similarity represents, or is 
mediated by , the operation of Pavlovian-like 
stimulus-reinforcer associations (Gamzu & Schwam, 
1974; Gamzu & Williams, 1971,1973; Jenkins & Moore, 
1973; Moore, 1973). As has been pointed out (Gamzu 
and Schwam, 1974; Schwartz & Williams, 1972a, 1972b; 
Williams & Williams, 1969), it is the negative 
automaintenance (or negative response dependency) 
procedure which represents the most potent 
demonstration of stimulus-reinforcer control. 

On the assumption that both topographical similarity 
and negative automaintenance are mediated by the same 
Pavlovian-like mechanism, would the demonstration of 
topographical similarity in the squirrel monkey, like the 
pigeon, also be accompanied by maintenance of 
responding on the negative response-dependency 
procedure? To answer this, the first experiment 
employed an omnidirectional lever manipulandum which 
educes a grasping response similar to that of reaching for 
a food pellet. 

EXPERIMENT I 

Methods 
Subjects. Subjects were five naive adult male squirrel monkeys 

(Saimiri sciureus) maintained at free feeding weights. They were 
22 h food deprived at the beginning of each session_ 

Apparatus_ Subjects were studied in BRS-Foringer 
experimental chamber with internal measurements of 
17x17x14in. (43x43x36cm). On one wall, painted flat 
black, a 3/4 in. 0 .9 cm) long omnidirectional lever was 
positioned 10 in . (25.4 cm) above the grid floor in a recessed 
housing and a smalll.l-W light was mounted over the lever. 

About 6 in. (15 .2 cm) below the lever a small wire mesh 
food cup extended into the chamber. Delivery of l20-mg food 
pellets (Riddle, Rednick, Catania & Tucker, 1966) was 
accompanied by a slight click of the feeder mechanism. Three 
attenuated 2-W white houselights, positioned above the 
experimental walls and low amplitude masking noise were on 
throughout the session_ The illumination from the house lights 
was deflected toward the ceiling of the chamber . 
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Sessions were controlled by standard BRS-Foringer circuitry 
and monitored by closed circuit television. 

Procedure. Following magazine training all monkeys were 
exposed to the autoshaping procedure. This procedure consisted 
of pairings of illumination of the light above the lever and 
presentation of food. If during the trial, a lever response was 
made, the trial ended immediately with the delivery of a pellet. If 
the monkey failed to respond, the pellet was delivered at the end 
of 10 sec. The monkeys were exposed to this procedure until 
they were responding on 90% of the trials for about 5 
consecutive days. 

Monkeys 323 and 302 were then exposed to the negative 
response-dependency procedure. Here the pellet was delivered at 
the end of the lO-sec trial as in autoshaping. If a lever response 
occurred, however, the trial terminated immediately without the 
delivery of the pellet. 

Subjects were studied 5 days a week. A session consisted of 50 
10-sec trials during which the light above the lever was 
illuminated . The mean intertrial interval was 40 sec with an 
approximately geometric distribution. 

Results 
Autoshaping. In four of the five monkeys the lever 

response was successfully autoshaped. As shown in 
acquisition curves in Figure 1, Monkeys 323, 249, 302, 
and 332 made their first lever response during Sessions 
4, 8, 2, and 3, respectively. Monkey 285, whose data are 
not shown, failed to make a single lever response over 
the course of 31 sessions. 

For Monkeys 323 and 249 acquisition of lever 
responding took from 15-20 sessions while Monkey 302 
reached 90% responding after only eight sessions. 
Although Monkey 332 reached a maximum of only 
40%-50% responding over the full 50 trial session, 
analysis of the first half of each session indicate that 
responding during this period reached 70%-80% by 
Session 27. Both an usually high level of motor activity 
and atypical failure to consume pellets were 
concomitant with the reduction of lever responding by 
this animal during the second half of most sessions. For 
these four monkeys there was a relatively large number 
of intertrial interval responses at the beginning of 
acquisition, but with the exception of Monkey 323, 
stimulus control was evident once they were responding 
consistently. 

Negative response-dependency. This procedure 
resulted in a rapid reduction of lever responding such 
that lever responding was virtually eliminated in both 
monkeys after 5-6 sessions. 

Discussion 
The use of the lever manipulandum, while educing a grasping 

response more similar in topography to that of grasping a food 
pellet, did not lead to more rapid acquisition of the autoshaped 
response than was obtained with a keypress manipulandum 
(Gamzu & Schwam, 1974). Similarly, the lever response, like the 
keypress, was not maintained when its occurrence precluded the 
delivery of food. 

While the monkeys in this study, as well as in the previous 
study (Gamzu & Schwam, 1974) were consistently observed to 
make forehand grasping responses in obtainining food peilets, a 
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Figure l. Acquisition of leverpressing by autoshaping in four 
squirrel monkeys. Percent of daily trials to which there was a 
response. 

host of behaviors are possible between this response and the 
more final consummatory response of ingestion. Indeed, 
sometimes a grasped food pellet is brought directly to the 
monkey's mouth; other times it is rubbed either between the 
hands, . the hands and the tail, or the hands and a wall of the 
experimental chamber. Contrast this with the "brevity and 
relative stereotype of the feeding response components" of the 
pigeon (Zeigler & Welch, Note 1; see also Zeigler, 1974). In the 
monkey, the greater variety of possible behaviors between 
grasping and ingestion suggests that these behaviors should be 
susceptible to inhibition by behaviorally produced outcomes and 
relatively insensitive to direct control by stimulus-reinforcer 
pairings. 

While the grasping response is not susceptible to 
stimulus-reinforcer control, stimulus-reinforcer relationships are 
nevertheless necessary for the acquisition of autoshaped 
responding in the squirrel monkey (Gamzu & Schwam, 1974). 
What component of behavior is sensitive to associative control, 
however, has not yet been determined. It is entirely possible that 
some component of orientation of approach, e.g., head or eye 
movements, might have been sensitive to stimulus reinforcer 
control. Indeed, such a component appeared to be present in the 
approach behavior of Monkey 302. On almost every trial of the 
negative-response dependency procedure this monkey would rise 
up with one forelimb partially extended, while facing the lever. 
Even this response was eliminated, however, when its occurrence 
immediately terminated the trial and precluded the delivery of 
food. 

While the variability in the pattern of behavior leading to 
consumption in the monkey may account for these findings, it is 
also possible that rapidity of acq uisition may be influenced by 
the nature of the signaling stimulus. Indeed, as Wasserman 
(1973) has demonstrated, auto shaping of the pigeon's keypeck 
depends upon a highly localized visual cuing stimulus. On the 
other hand, when auditory stimuli signal food presentations, 
pecking at the sound source seldom occurs (Bilbrey & Winokur, 
1973; Farthing, 1971). The second experiment reported here is 
concerned with the dimension of the signaling stimulus. 

EXPERIMENT II 

Control of keypress responding in squirrel monkeys 
by localization of auditory stimuli has been reported by 
Harrison, Downey, Segal, and Howe (1971). 
Discriminative control was very rapidly achieved when 
the source of the sound stimulus and the response 
manipulandum were adjacent. According to Harrison 
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et al. (1971), the sound orients the animal's head and 
eyes to the speaker source. "When the speaker and 
manipulandum are adjacent this results in the animal 
looking at the manipulandum. This biases the animal 
toward responding on that manipulandum (Harrison 
et al. 1971, Pp. 385)." The rapidity of acquisition of 
localized auditory control suggests that rapid 
auto shaping might be possible when an auditory 
stimulus is repeatedly paired with food presentations. 

Method 
Subjects. Subjects were six naive adult squirrel monkeys 

(Saimiri sciureus) maintained at free feeding weights for the first 
25 sessions of the experiment. For the remaining sessions daily 
food intake was reduced until body weight reached 80% of free 
feeding weight. Maintenance at this weight continued for the 
duration of the experiment. 

Apparatus. The experimental Plexiglas chamber was 
9 x 10 x 11 in. (22.9 x 25.4 x 27.9 cm). On one wall a standard 
translucent Gerbrands pigeon key 1-1/8 in . (2.9 cm) in diam was 
mounted and recessed 3/16 in. (.5 cm). The key could be 
illuminated by a 2.8-W white light. An 8-ohm 1-3/4 in. (.4.4 cm) 
Midland speaker was mounted 3/4 in. (1.9 cm) behind the key 
and derived its input from a BRS-Foringer audio oscillator 
(AO-20l) connected to an audio amplifier (AA-202). 

On the lower left hand corner of the same wall as the key and 
speaker a small wire mesh food cup extended into the chamber. 
The center of the foodcup was 5.5 in. (14.0 cm) to the left of, 
and 5.0 in. (12.7 cm) below the center of the key. Delivery of 
120-mg food pellets into the cup was accompanied bya slight 
click of the feeder mechanism. 

A dimmed overhead 6-W houselight mounted to the enclosing 
sound-attenuated chamber and white noise delivery by an 
overhead speaker were on throughout the session. The intensity 
of the white noise as measured 1-1/2 in. (3.8 cm) from the key 
was 50 dB . 

Sessions were controlled by standard BRS-Foringer circuitry 
and monitored by closed circuit television. 

Procedure. Two groups of monkeys were magazine trained 
and subsequently exposed to the autoshaping procedure as 
described in Experiment 1. Unlike the first experiment, however, 
tone bursts of .2-sec duration repeated at a rate of 1.2 bursts per 
sec were produced during trials by the speaker mounted directly 
behind the key. The frequency of the tone was 3333 cps with a 
rise time of .14 msec and the intensity, as measured 1-1/2 
(3.8 cm) from the key, was 70 dB. 

The two groups of monkeys differed only with respect to the 
order of exposure to key illumination conditions. Group I 
animals (Monkeys 340, 341, and 342) were first exposed to the 
auto shaping procedure with the key continuously illuminated 
throughout the session, i.e., during both tone-signaled trials and 
intertrial intervals. For Group II animals (343, 344, and 365), 
the key was never illuminated during initial autoshaping sessions. 

Subsequently, while the tone continued to signal food 
presentation, the illumination conditions were reversed such that 
the keylight was turned off throughout the session for two of 
the monkeys in Group I (341 and 342) and continuously 
illuminated for all three monkeys in Group II . 

Two monkeys from Group I (341 and 342) were . then 
reexposed to auto shaping with continuous key illumination until 
a criterion of responding on 90% of trials for 5 consecutive days 
had been reached. The negative response-dependency procedure 
was then introduced. In the absence of a keypress response a 
pellet was delivered at the end of the 10-sec tone-signaled trial. If 
a keypress response occurred, however, the trial terminated 
immediately without delivery of the pellet. The key remained 
continuously illuminated through the sessions. 

Results 
Autoshaping: Group I. In two of the three monkeys 

in Group I, the keypress response was successfully 
autoshaped with the key continuously illuminated. The 
third monkey (340) made no more than three responses 
to the key during trials on any single session. As shown 
in Figure 2, Monkeys 341 and 342 made their first trial 
keypress response during Session 5 and 1, respectively. 
Responding reached 90% of trials after about 40 
sessions. Monkey 341 pressed the key with his forehead 
while 342 pressed with his nose. For both monkeys 
there was a relatively large number of intertrial interval 
(ITI) responses at the beginning of acquisition, but 
stimulus control was evident once the monkeys were 
responding consistently. 

When the key light was subsequently turned off for 
26 sessions, Monkey 342 continued to respond on 
90%-100% of trials while keypressing was eliminated 
immediately for Monkey 341. Reexposure to 
auto shaping with continuous key illumination did not 
affect the level of performance of Monkey 342, who 
continued to perform at the criterion level. This 
procedure resulted in rapid reacquisition of the keypress 
response for Monkey 341, with only 12 sessions needed 
to reach criterion. 

Autoshaping: Group ll. None of the monkeys in 
Group II acquired a keypress response when exposed to 
authoshaping with the key never illuminated. Over the 
course of 35 sessions, they made a total of 2,17, and 13 
responses, respectively, only 0, 2, and 3 of which 
occurred during trials. In two of the animals, head 
movements in the direction of the sound source were 
observed during trials. This was most evident in 
Monkey 344 where, during trials, he would approach the 
foodcup, rise, and alternately move his head from the 
foodcup to the area of the speaker and key. 

Subsequent exposure to autoshaping with the key 
continuously illuminated did not lead to the acquisition 
of a key-press response in any of the three monkeys. 
Over the course of 25 sessions a total of 0, 18, and 37 
responses were made, respectively, only 0, 1, and 0 of 
which occurred during trials. In all three animals, head 
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Figure 2. Acquisition of keypressing by autoshaping using an 
auditory signaling stimulus and continuous key illumination in 
three squirrel monkeys. Percent of daily trials to which there was 
a response. 
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movements in the direction of the sound source were 
observed during trials. 

Negative response dependency. This procedure 
resulted in the virtual elimination of keypress responding 
after I -2 sessions. Results are shown in Figure 3 and are 
similar to that reported in Experiment I. Both monkeys 
were frequently observed, however, to make head 
movements in the direction of the sound source during 
trials. 

Discussion 
The results of this experiment make clear that the nature of 

the signaling stimulus is critical in the acq uisition of autoshaped 
responding in the squirrel monkey. When food presentations 
were preceded by illumination of either an omnidirectional lever 
or key manipulandum (Gamzu & Schwam, 1974), acquisition 
was about twice as rapid than when an auditory stimulus 
signaled food. Even then, the lack of responding in Group II 
animals with the key never illuminated indicated that repeated 
pairings of an auditory stimulus with food were not sufficient to 
generate autoshaped responding; rather, a utoshaped responding 
was generated when initial exposure to such pairings was 
accompanied by continuous illumination of the key 
manipulandum. Illumination of the key may have increased the 
saliency of the key . As a consequence, the orienting responses 
elicited by the adjacent sound source might have been easily 
directed toward this area. Such an explanation might also 
account, in part, for the extremely rapid e~tablishment of 
localized auditory stimulus control in sq uirrel monkeys reported 
by Harrison et aI. (1971) since, in that study, the response 
manipulanda were continuously illuminated. 

If this saliency hypothesis is correct, then Group II animals 
were initially exposed to a procedure similar to random food 
presentations. The subsequent failure of these animals to acq uire 
the keypress response when the key was continuously 
illuminated may then parallel the interference with subsequent 
performance by random response-independent food 
presentations reported in squirrel monkeys (Gamzu & Schwam. 
1974) and pigeons (Gamzu & Williams, 1971. 1973). 

CONCLUSIONS 

The elimination of autoshaped responding in the squirrel 
monkey reported here and elsewhere (Gamzu & Schwam, 1974) 
cannot be attributed to the use of an inappropriate stimulus 
dimension to signal the presentation of food or an inappropriate 
response manipulandum, since the same negative 
response-<lependency procedures resulted in similar effects. In 
effect, irrespective of stimulus dimension or response 
manipulandum, stimulus-food pairings were ineffective in 
maintaining responding when responding precluded the delivery 
of food. The relatively greater efficacy of visual as opposed to 
auditory stimuli in establishing autoshaped responding in the 
squirrel monkey is not surprising considering the "remarkably 
developed and advanced" visual system of the species 
(Rambaugh , 1968, Pp. 310). However, since the data pointed to 
differences between species, it was necessary to explore the 
experimental paradigm both with different manipulanda and 
different stimuli. Variability in the patterns of behavior just 
prior to consumption in the squirrel monkey may account for 
the behavioral differences found when this species is compared 
to pigeons in autoshaping procedures. 
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