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8ruwIl aIld JenkIlI:; (1) dl:;~uvcrcd thaI
pigeons exposed to repeated pairings of a
lighted key with food began to peck the
lighted key. They termed this phenomenon
auto-shaping because the pigeons pecked
even though food delivery was always inde-
pendent of their behavior. Hearst and Jen
kins (2) summarized subsequent studie~
showing that auto-shaping is a robust phe-
nomenon which occurs with rewards other
than food and in species other than pi

geon:;
The parallels bl:lWI:I:Il aulu-:;haplIlg aIll!

,,!assical conditioning led many investiga-
tors to analyze examples of auto-shaping
rrom the viewpoint of stimulus sub-
stitution, an explanation proposed by Pav-
lov for classical conditioning of the sali-
vary reflex in dogs (2-4). According to the
stimulus substitution hypothesis, the sub-
ject responds to the predictive stimulus
(CS) as ir it were a substitute or surrogate
for the reward (US). Support for the stim-
ulus substitution explanation of auto-shap-
ing was provided by experiments showing
that the topography of behavior directed
toward the predictive stimulus closely re
sembles that or behavior elicited by the re
ward. For example, male pigeons direct
brief, hard pecks at a key which signals
food, soft "sipping" pecks at a key which
signals water, and court a key which pre
dicts access to a receptive female pigeon (2.
4). Rats bite and lick a bar which predicts
food (3).

However, in other experiments behavior
elicited by the predictive stimulus did not
resemble behavior elicited by the reward
(2-5). Most recently, Wasserman (5) found
that baby chicks in a refrigerated chamber
approached, pecked, and .'snuggled" at a
lighted key which predicted the onset of
heat, although the chicks' behavior in the
presence of heat consisted of immobility
and wing extension. Hogan (6) accounted
for the chicks' behavior by noting that in a
cool environment chicks approach, peck,
and "snuggle" at a mother hen, thereby in-
ducing her to brood them.

Hogan's explanation suggests a system-

of Another Rat Predicting Food as food, gnawIng or bItIng It. However, so-
cial behavior elicited and supported by the

Abstract. Rats direct social rather than eating behavior toward a stimulus rat that predictive rat is also potentially related to
predicts the imminent ttelivery of food. This result suggests that a predictive stimulus feeding in the rat. Rats feed together, fol-
does not become a substitute for a "reward, but its characteristics elicit and support a par- low each other to food, and, both as pups
ticular subset of the responses commonly related to that reward. and adults, learn feeding locations by ap-

proaching other rats (7). On this basis, the
0 -"._,-- .' ---, " ., a tic exception to the stimulus substitution subjects would be expected to incorporate

-, hypothesis. Behavior elicited by a predic- the predictive rat into a social feeding pat-
: tive stimulus will resemble behavior elic- tern, increasing their frequency of ap-

ited by the reward only to the extent that proach and social contact.
I the predictive stimulus is compatible with To test these hypotheses we compared

and supports such behavior. If the predict- the behavior of an experimental gr01)p with
-ive stimulus elicits and supports other be- that of three control groups. Each group
, havior commonly related to the reward, consisted of five male Wistar albino rats,

conditioning will occur, but the behavior 90 days of age. During acquisition each rat
elicited by the predictive stimulus will dif- received 30 10-second presentations of the

,- fer from that occurring in response to the predictive stimulus (CS) on a variable time
.-'0 reward. From this viewpoint, Wasser- schedule with a mean interstimulus inter-

,- 0_- ---1 man's results contradicted the stimulus val of 60 seconds (VT 60 seconds). The

~r substitution hypothesis, because the key stimulus platform, driven by a synchro-
: light, set in a wall, most adequately sup- nous motor and cam assembly, was

ported those aspects of thermoregulatory presented sideways through a flap door ad-
behavior in chicks commonly directed jacent to the wall containing the food tray.

] toward the mother heno For the experimental group (CS+ group)
In the present experiment we examined each presentation of the predictive rat was

another case in which the predictive stimu- followed by one 45-mg food pellet. The
J Ius and the reward supported different, al- CSs (social) group received the same pat-

though potentially related, behaviors. We tern of presentation of the stimulus rat, but
employed alive rat fastened to a platform no food was ever delivered. Since rats are
as a predictive stimulus for food. If the highly social (8), this group served as a

baseline of social reactivity to the stimulus
rat. The CSr (random) group was present-

:- Table I. Median number of trials on which sub- ed with the stimulus rat and food randomly
:- jects showed different social contact behaviors on two independent variable-time 60-sec-
t over the l.ast 5 days of acquisition (days 7 to II ). ond programs. The purpose of this roup

The maximum score on any day was 30. Only. .g
subjects in groups CS+ and CSs are included be- was to determIne the Importance of the
cause, with the exception of one animal, the me- pairings of the stimulus rat and food (9).

-dian scores of subjects in the csr and CSw The CSw (wood) group was subject to the
groups were zero for all behaviors. same procedures as the CS+ group, except

Social contact behaviors that the predictive stimulus was a rat-sized
-block of wood fastened to the platform.

' Crawl. The purpose of this group was to separate
over the social and predictive effects of the stim-

-ulus rat. Rats in the CS+ group might ap-
proach the stimulus rat because of its pre-
dictive quality and then engage in social
contact because of their proximity to the
stimulus rat.

All rats were housed alone during the
experiment. After adaptation to a 23-hour
feeding schedule, each rat received 22 days
of training: 3 days of pretraining, II days
of acquisition, and 8 days of extinction. On
the first day of pretraining we exposed
each subject to the experimental chamber

-for 30 minutes; on the next day we trained



quisition (see Fig. IC). With one exception,
the animals oriented on less than 10 per-
cent of the trials and all animals remained
by the food tray during the presentation of
the stimulus rat. No animal ever engaged
in Social Contact. During extinction all be-
haviors except Social Contact appeared to
recover and increase toward overlap with
the scores of the CS s group.

The CSw group showed an increase in
Orient equivalent to that of the CS+ group,
but little increase in Approach or Sniff,
and no Social Contact score (see Fig. ID).
These results appear to reflect a low level
of conditioning to the block of wood. The
relative absence of Approach in this group
shows that Approach to the predictive rat
in the CS+ group ,was not based on its pre-
dictive value alone. Conditioned Approach

Sessions
Fig. I. Median percent of trials on which Orient, Approach, Bite, Sniff, and Social Contact were
shown during acquisition (days I to II) and extinction (days 12 to 19). (A) CS+ group; (B) CSs (so-
cial) group; (C) CSr (random) group; (0) CSw (wood) group. Since Bite never occurred it is not in-
dicated in the graphs.

them to approach and eat rapidly from the
food tray when food was delivered. On the
third day of pretraining, each subject re-
ceived 30 10-second presentations of the
stimulus rat. No food was delivered on this
day. After the II acquisition sessions, all
subjects received eight extinction sessions
during which the predictive stimulus was
presented as in acquisition, but no food
was delivered.

The behavior of the subjects in the pres-
ence of the predictive stimulus was record-
ed by an observer using a coding scheme
modified from Peterson (!0) and Grant
and Mackintosh (8). On each presentation
of the predictive stimulus the observer
noted several behaviors, including: Orient,
Approach, Sniff, Bite, and Social Contact
(paw, groom, crawl-over, and anogenital
sniff) (11). A reliability check of this cod-
ing scheme with a naive observer produced
an average interobserver reliability of .99.

The four panels of Fig. 1 show the medi-
an percentage of trials on which each
group of five animals performed behaviors
in the different categories. The group data
adequately reflect the scores of the individ-
ual subjects. Figure IA shows that the CS+
animals successively increased the fre-
quency of Orient, Approach, Sniff, and So-
cial Contact during the ll-day acquisition
period, and successively decreased the fre-
quency of these behaviors during ex-
tinction. The incidence of Bite was zero
over all trials.

The CS' animals also engaged in consid-
erable behavior directed toward the stimu-
lus rat, but their performance stabilized at
a lower level than that of the CS+ animals
(see Fig. 1 B). Over the last 5 days of acqui-
sition the median scores of the animals in
each group showed no overlap in Social
Contact, Approach, and Sniff, and only a
single common score in the case of Orient.
During extinction, the scores of the ani-
mals in the CS+ and CS' groups over-

lapped considerably.
The CS+ animals showed greater diver-

sity of social contact than did the CS' ani-
mals. Table I shows the median individual
scores over the last five acquisition trials
for paw, groom, crawl-over, and anogeni-
tal sniff. All five CS+ animals showed paw,
groom, and crawl-over behaviors, and
three showed anogenital sniff. Of the five
CS' animals, three showed paw, two
showed groom, and only one showed
crawl-over and anogenital sniff. Video
tapes of a randomly selected animal in
each group showed additional social pos-
tures for the CS+ animal, such as side-
ways and head-over postures (8).

In comparison to both the CS+ and CS'
groups, the CS r groups showed a marked

inhibition of approach behavior during ac-

evidently depends on the social as well as
predictive aspects of the stimulus rat.

Several animals in the CSw group
moved toward the predictive stimulus but
appeared cautious, crouching slightly and
sniffing from a distance of several inches ( I
inch = 2.54 cm). The stimulus attributes
of the platform and wood block may not
have provided adequate support for ap-
proach and contact behaviors within the
feeding system of the rat. The block and
platform provided no social cues and were
probably too large to elicit behavior re-
lated to food objects. In a natural setting,
this stimulus combination would be more
likely to elicit caution and avoidance.

These results show that rats can be con-
ditioned (auto-shaped) to approach and
contact a live rat, although not a block of



/008 (1962); E. C. Grant, Behaviour 21, 260
(1963); -and J. H. Mackintosh, ibid., p. 256.

9. R. A. Rescorla, Psycho/. Rev 74,71 (1967).
10. G. B. Peterson, thesis, Indiana University (1972).
II. Orient: point nose at predictive stimulus for at

least I second; Approach. move nose to within 'I,
inch ( 1.3 cm) of predictive stimulus; Sniff: rhyth-
mically move vibrassae and nose within 'I. inch
(0.6 cm) of predictive stimulus; Bite: contact pre-
dictive stimulus with open mouth and teeth; Social
Contact paw. contact the stimulus with one or
both forepaws; groom. lick and comb the fur of the
stimulus using the mouth and paws: crawl-over:
climb on top of the stimulus with at least three legs
off the floor of the cage; anogenital sniff. sniff di-
rected at the anogenital region of the stimulus rat,
typically with the head oriented sideways. For a
more complete description of the last three cate-
gories see Grant and Mackintosh (8). Grant and
Mackintosh also coded "investigate" and "nose"
as social contact behaviors. We lumped these as
Sniff and did not count them as Social Contact be-
cause we felt the rat looked the same sniffing the
platform, the wood, and the stimulus rat. In retro-
spect, the orientation of "nose" to the head of the
stimulus rat potentially made it a distinct category.

12. We do not intend to argue that stimulus sub-
stitution effects were absent in the present experi-
ment. Some behaviors shown by the CS+ animals
are readily interpretable as stimulus substitution
Two animals occasionally bit and pulled at the fur
of the predictive animal while grooming it [al-
though so did two CSs animals: see aggressive
groom in Grant and Mackintosh (8)]; one CS+ ani-
mal bit the platform 12 times, and another animal
bit it once (out of 330 acquisition trials) Further. it
might be argued that some movements in normal
groom and paw resemble components of feeding
behavior, thus. some of the increase in these behav-
iors might be attributable to stimulus substitution.
However, even a broadly conceived concept of
stimulus substitution does not appear sufficient to
explain all behavior in the present experiment. On
the basis of stimulus substitution it is difficult to
account for the failure of theCSw animals to bite
the wood, the failure of the CS+ animals to bite the
predictive rat, the low incidence of aggressive
groom and platform biting in the CS+ animals and
their marked differential increase in crawl-over. a
behavior sharing almost no topographical features
with feeding. We feel that effects interpretable as
stimulus substitution and these apparent ex-
ceptions all can be explained within the behavior
system approach outlined in the text and the note
in (/3).

13. A system of behavior may be viewed as a collection
of species-typical sensorimotor mechanisms poten-
tially sharing common causal factors [see. for ex-
emple, G. P. Baerends. R. H Drent. P. Glass. H.
Groenwald. in The Herring Gul/ and /1' Egg, G. P
Baerends and R. H. Drent. Eds (Brill. leiden,
1970) or J. A. Hogan, Behaviour 39, 129 (1971)].
The concept is similar to a species-typical central
motive state [C. T. Morgan. in Psychologl': A
Sludy of a Science,S. Koch, Ed. (McGraw-Hill.
New York, 1959), vol. I, p 644; D Bindra, P.,y-
chol. Rev 82, 199 ( 1974)1 Bindra also discussed
the importance of characteristics of the CS in sup-
porting behavior typically elicited by the US, as
did Mackintosh [N. J. Mackintosh, The P.,y-
chology of Animal Learning (Academic Press.
NewYork,1974),p.108]

14. K. lorenz, in On/he Biologl' of Learning, K H
Pribram, Ed. (Harcourt, Brace and World, New
York, 1969), p 47.

15 We thank M. Reitman for inspiration and D. Cas-
sidy for assistance. This research was supported in
part by NSF grant GB 36209 and a part of it was
included in an undergraduate honors thesis at In-
diana University(1974) by D.l.G.
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wood, which predicts the delivery of food.

The form of contact with the predictive

stimulus cannot be predicted from the

stimulus substitution hypothesis (12), but

appears to depend upon the nature of both

the predictive stimulus and the reward. As

an alternative to stimulus substitution, we

offer the hypothesis that auto-shaped be-

havior reflects the conditioning of a system

of species-typical behaviors commonly re-

lated to the reward. The form of behavior

in the presence of the predictive stimulus

will depend on which behaviors in the con-

ditioned system are elicited and supported

by the predictive stimulus (13).

The present approach may have implica-

tions for the interpretation of traditional

classical conditioning phenomena as well

(2). Lorenz (14) suggested a related hy-

pothesis to explain Liddell's unpublished

observations on salivary conditioning in

dogs. While working in Pavlov's laborato-

ry, Liddell unharnessed a dog from the

conditioning apparatus and allowed it to

approach the predictive stimulus. On the

basis of Liddell's description, Lorenz iden-

tified the dog's behavior toward the pre-

dictive stimu.lus as food begging in the

genus Canis. Lorenz used this illustration

to suggest that an entire behavior system

was conditioned by the procedures of clas-

sical conditioning, not just an isolated re-

flex. Our results support this viewpoint.

WILLIAM TIMBERLAKE
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