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The relation between the form of auto-shaped responses to the lighting of a key and the
consummatory responses of pecking grain and (Irinking wvater was examined in pigeons.
Responses on the key were analyzed by means of high-speed photography, recordings of the
force of contact, and judges' ratings of response-formii based on filni and videotape re-
cordings. The first experiment showed that food-deprived birds presented grain as a rein-
forcer responded on the key with a grain-pecking movement, while water-deprived birds
presented water as a reinforccr responded with drinking-like movemllents. The second and
third experimnents showed that the resemllblance between auto-shaped and consummatory
responses does not require the dominance of the deprivational state appropriate to the
reinforcer. Changing the domiiinant state of deprivation did not illinmlediately change the
form of the key response, and in subjects simultaneously deprived of food and water, the
form1 of response depended on the reinforcer. In the fourth and fifth experiments, sub-
jects simultaneously deprived of food and water received one stimuluis signalling food and
another signalling water in a randomii series. In miiost subjects, the response to each stim-
ulus resembled the consummatory responsc to the particular reinforcer that was signalled
by the stimulus. This result demonstrates the role of association between a stimulus and a

reinforcer in producing a rcsemiiblance of the auto-shaped response to the consuimmatory
response.

The procedure used in auto-slhaping
(Brown and Jenkins, 1968) conforms to the
paradigm for classical conditioning (Pavlov,
1927). To auto-slhape the pigeon's pecking
response, for example, the animal is exposed
to repeated temporal pairings of a lighted
disc an(d grain. With surprising regularity, pi-
geons exposed to such pairings begin to peck
the disc (a transluicent response key). Wlhen
the auto-slhaping procedure is coor(linated to
that of classical conditioning, the grain and
the pecking response that it elicits correspond
to the uncon(litioned stimultus (UCS) and the
unconditioned response (UCR); the lighted
key and the response of pecking the key cor-
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respond to the conditioned stimulus (CS) and
conditioned response (CR). As in classical con-
ditioning, the auto-shaped response has no
effect upon the occurrence of the reinforcer;
the presentation of grain is contingent upon
illumination of the key, but is not contingent
upon the animal's behavior.

Standard control procedures have shown
that auto-shaped pecking is not an artifact of
sensitization or pseudo-conditioning (Brown
and Jenkins, 1968; Brown, 1968a, 1968b). The
pigeon's approach to and contact with the key
dlepends upon the contingent pairing (associ-
ation) of the stimulus and reinforcer. The
parallel with classical conditioning suggests
that the specific form of the auto-shaped be-
havior might also depend upon a stimulus-
reinforcer association. Perhaps the pigeon
pecks the key because pecking is the consum-
matory response elicited by grain.
The stiggestion receives some support from

experiments witlh otlher species and other rein-
forcers. Gardner (1969) reported that bob-
white quail, like pigeons, peck at stimuli that
have been paired witlh grain. Squier (1969)
reported that auto-shaped tilapia reacted to
response keys with species-specific feeding
movements, such as those used ordinarily in
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taking algae from object surfaces; and an auto-
shaped mullet reacted to the key witlh species-
typical gobbling movements.

Further evidence that the form of the re-
sponse directed toward a stimulus may be
related to the form of the consummatory re-
action elicited by an associated reinforcer
comes from certain operant or instrumental
learning experiments in which delivery of the
reinforcer is dependent upon the response.
Wolin (1968) found that the form of the pi-
geon's operant key-contact response depends
on the nature of the reinforcer. The food-de-
prived pigeon receiving grain as the reinforcer
was observed to make rapid, short, powerful
pecks at the key with the beak open at the
moment of contact. The movement closely
resembled that used when pecking grain. On
the other hand, the water-deprived pigeon
receiving water as the reinforcer pushed its
almost closed beak against the key in a slower
motion that resembled the drinking response.
Wolin also recorded the mean durations of
contact responses, and found these to be con-
sistently longer in thirsty birds receiving water
as the reinforcer than in hungry birds receiv-
ing food as the reinforcer. Ferster and Skinner
(1957, p. 373 ff.) found that the rate of re-
sponse in thirsty pigeons receiving water as the
reinforcer was lower than for hungry pigeons
receiving grain as the reinforcer. A lower rate
with water than with grain could arise from
a difference in response form of the kind re-
ported by Wolin. The well known observa-
tions of Breland and Breland (1961) on per-
sistent, food-related action patterns directed
at objects involved in food-reinforced response
chains also suggest that the form of the re-
sponse directed toward a stimulus object may
be related to the behavior elicited by the re-
inforcer.
Although the observations reported by

Wolin, by Ferster and Skinner, and by Bre-
land and Breland were made in operant or
instrumental-learning experiments, it is natu-
ral to suppose that the nature of the reinforcer
would exert at least- as muclh effect upon the
response form in an auto-shaping experiment,
since in auto-shaping there is no contingency
between response and reinforcer to constrain
the form of the acquired response.
There is considerable evidence to suggest

that the form of the response to the signalling
stimulus in the auto-shaping experiment can

be influenced by the nature of the reinforcer.
The purpose of the present series of experi-
ments was to provide direct evidence of such
an effect by comparing the form of the key-
contact response when the reinforcer was
water with its form when the reinforcer was
grain. The work complements that of Wolin,
but the procedure used is that of auto-shaping
rather than instrumental learning, and the
experiments were designed to rule out ex-
planations based upon several non-associative
factors.

EXPERIMENT 1

The purpose of Experiment 1 was to obtain
and to evaluate filmed records of the key-con-
tact movement in thirsty birds receiving water
as a reinforcer and in hungry birds receiving
grain as a reinforcer.

Subjects and Apparatus

Twelve adult male White King pigeons
witlhout previous experimental history were
used. The apparatus consisted of a standlard
single-key pigeon box (mo(lel 151 9C, Lehiglh
Valley Electronics). The response key was a
translucent plastic disc, 1 in. (2.5 cm) in di-
ameter centered on the panel 10 in. (25 cm)
above the floor. The key was transilluminated
with white light to provide the signal or CS.
The compartment was constantly illuminated
by a diffuse ceiling liglht. The level, as mea-
sured witlh an SEI photometer, was approxi-
mately 8.6 millilamberts. One wall of the box
was clear glass to provide visual access for a
camera and an observer. Key closures were
recorded on counters and on an Esterline-
Angus operations recorder. A Ralplh Ger-
brands Co., model B-LH, solenoid-operated
dipper made water available for 4-sec periods.
The bowl of the dipper was a cylinder 0.75 in.
(1.9 cm) in diameter and 1 in. (2.5 cm) in
depth. It held more water than could be con-
sumed within the 4-sec period. The opening
to the device was lighted w4hile water was
available. Grain, delivered by the standard
LVE grain tray, was available and the tray
was illuminated for 4-sec periods.

Procedure

Six birds received water as the reinforcer.
The procedure for ind(ucing thirst was as fol-
lows. Food was continuously available but
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water was removed 36 hr before each experi-
mental session. An intraperitoneal injection
of 5 ml of hypertonic (9%) saline solution was
administered 30 min before the session. After
each session, water was freely available for
three days to allow a return to normal water
balance.

Six birds receivedl grain as the reinforcer.
They were maintained at 80% of free-feeding
weight by restricted feeding. Water was con-
tinuou.sly available.

After preliminary training to take the rein-
forcer from the delivery device, two sessions of
auto-shaping were given. Water reinforced
birds were run to a satiation criterion of five
consectutive trials witlhouit drinking. This
criterion was reached, on the average, in about
30 trials.

In both groups the key was illuminated for
8 sec. Delivery of the reinforcer was coinci-
dent witlh the offset of the keyliglht. Intervals
between trials varied randomly from 30 to
90 sec witlh a mean of 60 sec.
A 16-mm movie camera operating at 16

frames per second was turned on 1 sec before
onset of the keylight and tturned off after the
delivery of the reinforcer. Filming contintued
for 15 trials beyond the first trial of recorded
key closure or for a maximuim of two sessions,
whiclhever came first.
A film strip was assembled to obtain judge-

ments on the form of the contact movements.
In order to acquaint the juidges witlh normal
eating andl drinking patterns, the film began
with two 10-sec sequences showing one pigeon
drinking water from a transparent container
and anotlher eating grain. There followed a
sequence of 30 trials selected from the footage
taken during the experiment. Water-rein-
forced birds showed a clear approachi and con-
tact witlh the key or other object on the front
panel (see below for details) on a total of only
15 trials. Every one of these trials was included
in the film strip. Many more trials witlh
aplroach an(d contact occuirred in the food-
reinforced grouip. From this larger set, 15
matchinig trials were selecte(d as follows. Eachi
water-reinforced hiirdl thiat yiel(le(l one or more

approacIl aind contact trials was paired with a

food-reinforced bird that gave at least as many
such trials. The first n trials witlh approacl
and contact from a food-reinforced bird were

selectedl to correspond to the n suchi trials from
the water-reinforced bird. The trials, there-

fore, represented comparable stages of acquisi-
tion. Film of the resulting collection of 30
trials was spliced together in a random se-
quence. The film of eaclh trial was cut before
the reinforcer was delivered so that judge-
ments could not be influenced by direct
knowledge of the consummatory behavior that
followed.
Ten students witlhout first-hand experience

with experiments of this type served as judges.
They were instructed to watch the movements
made to objects and to indicate at the end of
eaclh trial whetlher the movements on that
trial were more like the pattern involved in
eating or in drinking. At the end of the film
they were asked to comment on the basis of
their judgement.

RESULTS AND DISCUSSION

Fotur of the six water-reinforced birds re-
sponded to the key. The first responses oc-
curred during Trials 3, 4, 13, and 14. One
bird yielded seven trials with approach and
contact, one yielded four, one yielded three,
and one yielded just one such trial. On four of
the filmed trials, contact occurred with some-
thing other than the key; specifically, with a
small piece of black tape covering a screw head
located al)out midway between the key and
the opening to the water delivery device, or
with a smnall clhromium-plate light housing
located directly above the key and close to the
ceiling.
Each of the six food-reinforced birds made

key responses. The first responses occurred
(luring Trials 37, 40, 77, 78, 79, and 88. Re-
sponses occurred on subsequent trials with
greater frequency than for the birds receiving
water as the reinforcer.
The judges correctly identified the ap-

proaclh and contact movements as grain re-
lated or water related on 87% of the trials.
Two judges made no errors. The basis for
judgement most commonly mentioned was
that the eating-like movements were sharp,
vigorous pecks at the key. In contrast, the
drinking-like movements, it was said, involved
slower, more sustained contacts witlh the key
(or other object) and were often accompanied
by swallowing movements.
The results of Experiment 1 showed that

the contact movement in the pigeon shared
to a remarkable (legree the features of the
consummatory response. The source of the re-
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semblance between the consummatory re-
sponse and the contact response was, hiowever,
not clear. The birds presented water were
water-deprived wlhile birds presented grain
were food-deprived. It is possible that the
dominance of the appropriate deprivational
state was necessary to, or even entirely respon-
sible for, the form of the contact movement.
In Experiments 2 and 3, this question was ex-
amined by manipulating the conditions of de-
privation and the type of reinforcer.

METHOD: EXPERIMENTS 2, 3, AND 4

Features of method common to Experi-
ments 2, 3, and 4 are described below.

Apparatus

A two-key response panel was in place for
Experiments 2, 3, and 4. However, except for
Experiment 4, only the riglht key was used
(tlhe left key was unliglhte(d and inoperative).
The keys were translucent discs with a diam-
eter of 1 in. (2.5 cm). Wlhen back-liglhted they
showed a white equilateral triangle, 0.5 in.
(1.3 cm) on a side, centered in the disc. The
key-centers were equidistant from the middle
of the panel, were separated by 7.62 in. (19
cm), and were 10.25 in. (26 cm) from the floor.
The openings to the food delivery device and
to the water delivery device were eaclh 2 by
2.5 in. (5.1 by 6.4 cm). Their closest edges
were separated by 1 in. (2.5 cm). The openings
were equidistant from the middle of the
panel. Their lower edges were 4.5 in. (11 cm)
from the floor. The opening for the water de-
livery device was to the riglht of the opening
for the food delivery device. The food tray
was standard LVE equiipment. Water dlelivery
was by means of a timed valve that admitted
1.2 ml into a cylindrically slhaped, Teflon con-
tainer, 0.5 in. (1.3 cm) in diameter and ap-
proximately 0.5 in. (1.3 cm) in deptlh. At the
end of a 4-sec period of access, any water not
consumed was forced out by a pluinger, wlhiclh
caused the water to spill over. into an inac-
cessible reservoir. The compartment was con-

stantly illuminated by a diffuse ceiling liglht.

Procedure

Birds were first trained to consume food or
water from the delivery device, according to
the requirements of the experiments. The
auto-shaping procedure was to liglht the key
for a fixed duration of 8 sec, followed im-

mediately by a 4-sec delivery of food or water.
While the reinforcer was available, the open-
ing to the delivery device was liglhted. The
sequence of keyliglht and reinforcer was un-
affected by responses. Intertrial intervals var-
ied from 20 to 78 sec witlh a mean of 64 sec.
Wlhen food-deprived only, the birds were

maintained under restricted feeding and were
at approximately 80% of their free-feeding
weight at the start of eaclh session. Water was
continuously available in their lhome cages.
Wlhen water-deprived only, food was con-
tinuiously available in their hiome cages, but
water was removed 48 lhr before the start of a
session. After eaclh session, water was freely
available for at least 24 lhr before the next 48,
hr deprivation period. Wlhen botlh water- and
food-deprived, birdls were maintained at 80%
of free-feeding weiglht by restricted feeding
and were under 48-lhr water deprivation at the
start of the session. They also received water
freely for at least 24 hr before the next period
of deprivation.

Evaluation of Recordings

Six students enrolled in an undergraduate
course in the psyclhology of learning served
as judges of video-tape recor(lings obtained
in these experiments. They were slhown the
characteristic movement patterns of pigeons
eating and drinking, and were also instructed
about the clharacteristics of atuto-shaped re-
sponses in a food-deprived bird receiving grain
as a reinforcer and in a water-deprived bird
receiving water as a reinforcer. Several filmed
examples of water andl foodl auto-shaped re-
sponses were shown. The judges were then
tested for their ability to distinguiislh correctly
between food and water auto-shaped re-
sponses. They were slhown, in an irregular
order, I1 trials of water auto-slhaping, and 11
trials of food auto-shaping, and were required
to mark one of the following alternative state-
ments for each trial: (1) clearly eating move-
ments, (2) probably eating movements, (3) not
distinctly eating or (Irinking movements, (4)
probably (Irinking movements, (5) clearly
drinking movements, (B) both eating and
(Irinking movements (i.e., a mixture within
the trial), (N) no rateable movements. Each
judge correctly rated at least 21 of the 22
trials by marking I or 2 for food-reinforced
trials and 4 or 5 for water-reinforced trials.
The preliminary instructions and the test
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served, as it were, to calibrate the judges.
These steps in no way prejudiced the subse-
quent ratings, wlhiclh were used to evaluate
the effect of type of deprivation and other
variables on the form of the response.

Thie video-tape recordings of trials for a

given bird were shown in succession because
it was not feasible completely to rearrange

trial sequences. However, recordings of birds
given different experimental treatments in Ex-
periments 2, 3, and 4 were shown in an ir-
regular sequence. The screen of the TV moni-
tor was masked so that consummatory patterns

were not visible.

RESULTS ON RELIABILITY OF EVALUATIONS

Data showing the extent of agreement

among the judges are presented in Table 1.
These data are the ratings of a total of 272
trials by six observers from the seven birds
used in Experiments 2 and 3. The ratings are

on birds in several different experimental con-

ditions, but the details are not relevant to

the question of agreement among observers
in the rating of movement patterns. The re-

sults in Table I were obtained in the follow-
ing way. For each trial, the rating category

used most frequently (modal category) was de-
termined. In the case of a two-way tie, the
most frequent rating was taken to be the
lower one for half of the ties and the higher
one for the remainder. In the case of a three-
way tie, the middle category was taken as the
most frequently used rating. The first row of
Table I shiows the relative frequency distribu-
tion of ratings for all trials in which the modal
rating was (1), "clearly eating movements".
The next row shows the same data for all trials
in which the modal rating was (2), "probably

eating movements", and so on. The pattern
of ratings shows a higlh degree of consistency
among observers. For example, excluding the
rating (B), "both eating and drinking move-

ments", and the rating (N), "no rateable move-

ment", only about 5% of all ratings occur in
a category more than once removed from the
modal category for a given trial.

EXPERIMENT 2

The form of the auto-shaped response could
be a direct reflection of the dominant depri-
vational state at the time of the response. If
so, a change from one dominant deprivational
state to another after the auto-shaped response

was established would produce an immediate
clhange in the form of the response. Experi-
ment 2 examined the effect of such a change
on the form of the auto-shaped response.

Subjects and Procedure

Four adult male White King pigeons were

used. Two were food deprived only and re-

ceived grain as the reinforcer. Auto-shaping
sessions, each consisting of 30 trials, were con-

tinued until one or more pecks occurred on at

least 20 of the 30 trials in a session. Every
fifth trial of the session in which the criterion
was met was video-taped and evaluated. The
dominant deprivational state was then
changed from food deprivation to water de-
privation. Food and water were made freely
available until the free-feeding weight was

recovered. Thirst was then induced by re-

stricting the water supply as previously de-
scribed and 10 extinction trials were given.
Conditions were the same as in auto-shaping
except for the omission of the reinforcer and

ble I

Distribution of Ratings of the Form of Response Arranged by Modal Rating Category

Modal Relative Frequency of Ratings by Categories
Category 1 2 3 4 5 B N

1 0.820 0.136 0.033 0.009 0.002 0 0
2 0.180 0.592 0.142 0.041 0 0.031 0.015
3 0.003 0.254 0.463 0.142 0.037 0.037 0.037
4 0.006 0.042 0.120 0.503 0.210 0.096 0.024
5 0 0.003 0.026 0.141 0.743 0.087 0
B 0.037 0.149 0.104 0.127 0.067 0.522 0
N 0.005 0.016 0.036 0.016 0 0 0.927

"Category descriptions: (1) clearly eating movements, (2) probably eating movements, (3)
not distinctly eating or drinking movements, (4) probably drinking movements, (5) clearly
drinking movements, (B) both eating and drinking movements, (N) no rateable movement.
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the light at the opening to the delivery device.
All 10 extinction trials were vi(leo-tape(I and

evaluated. In a separate session, following ex-

tinction, the birds were given repeated op-

portunities to approachi an(l (Irink from the
water delivery device until they had ap-

proaclhed and taken water in 30 presentations.
These presentations were not signalle(d by

lighting the key. Finially, in another separate

session, 10 additional extinction trials were

given as previously, and each trial was video-
taped andl evaluiate(l.
Two other subjects received parallel treat-

ments except that resl)onses were first auto-

shape(d uin(ler water deprivation only, witlh
water as the reinforcer, and were subsequently
changed to food deprivation only. They re-

ceived unsignallecl (leliveries of grain before
the last 10 extinction trials.

RESULTS AND DISCUSSION

The restults for the two subjects, 31 andl 26,
whiclh were first food-depriived and rieceived
food as the reinforcer are slhowvn in Table 2.
The data for Phalse I aie the judges' ratings
of the form of response in the first session in
whiclh one or more key contacts occuirre(l on

at least 20 of the 30 trials. This was the fourtlh
session for both subjects. Altlhouglh the ratings

slhow that the response form foi- Subject 26
was not as clearly an eating movement as for
Subject 31, it is evident that the movement

more closely resembled eating than dlrinking
in eachi case. Data for Plhase 2 care for 10 ex-

tinction trials following a clhange from food to

water deprivation. Tlhere were small changes

in the ratings on trials in wlhich a rateable
movement occurred, buit the main restult was

that the response form remained more like
grain-pecking movements than like water-

drinking movements. Data for Plhase 3 are for
anotlher 10 extinction trials following a session
in wlhiclh the birds had taken water on 30 pre-
sentations. The (lominaant dlep)rivational state

continued to be thirst. Again, the ratings slhow
that the contact movement remaine(l more

like the pecking of grain than the dlrinking
of water.

The results for Subjects 9 an(d 82, which
were initially auto-shaped uin(ler water de-
privation and later teste(d uincler foo(d depriva-
tion, are slhown in Table 3. The criterion ses-

sion for auito-slhaping was the tlhird for Subject
9 andI the fiftlh for Subject 82. The ratings
I)ased oni these sessions (Plhase I) indicate that

the response form resembled (Irinking move-

inents. WhIlen tested in extinction uin(ler food
deprivation (Plhase 2), the r-esponse form re-

'lable 2

Relative frequency of response forimi ratings before and after a change frollm food to vater
(lcprivation.

Categorya
1 2 3 4 5 B N

Subject 31

Phase 1: auto-shaping,
food reinforcer, food
leprived 0.97 0.03 0 0 0 0 0

Phase 2: extinctioni,
water deprived 0.56 0.35 0.02 0 0 0 0.06

Phase 3: extinction
after drinking,
water deprived 0.27 0.18 0.13 0 0 0 0.42

Subject 26

Phase 1: auto-shaping,
food reinforcer, food
deprived 0 0.59 0.40 0 0 0 0

Phase 2: extinction,
water deprived 0 0.33 0.27 0.03 0 0 0.38

Phase 3: extinction
after drinking,
water deprived 0.10 0.35 0.10 0.05 0 0.02 0.38

aCategories as in Table 1
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Table 3

Relative frequency of response form ratings before and after a change from water to food
deprivation.

Categorya
1 2 3 4 5 B N

Subject 9

Phase 1: auto-shaping,
water reinforcer, water
deprived 0 0 0 0.11 0.86 0.03 0

Phase 2: extinction,
food deprived 0 0 0.02 0.30 0.53 0.15 0

Phase 3: extinction
after eating,
food deprived 0.05 0.17 0.13 0.03 0.08 0.47 0.07

Subject 82

Phase 1: auto-shaping,
water reinforcer, water
deprived 0 0 0 0.05 0.92 0.03 0

Phase 2: extinction,
food deprived 0 0 0.02 0.05 0.35 0.02 0.56

Phase 3: extinction
after eating,
food deprived 0 0 0 0.20 0.75 0.05 0

aCategories as in Table 1.

mained more like drinking tlhan eating. After
receiving grain from the tray on 30 presenta-
tions (Phase 3), the response form continued
to be rated predominantly as drinking for
Subject 82. For Subject 9, however, the most
frequent rating was B, in(licating that both
eating and drinking movements occurred dur-
ing the 10 trials. A greater spread of ratings
across categories I tlhroughi 5 was also evident.
It would appear that the occturrence of the
consuLmmatory response altered the response
form in the (lirection of grain-pecking move-
ments in this suibject, altlhouglh we cannot be
sure that this change would not lhave occurred
simply as the result of continued testing in
extinction.
The principal conclusion to be drawn from

Experiment 2 is that the form of the response
made in contatcting the illuminated key is not
determined by the type of deprivation at the
time of the response. The resemblance be-
tween the form of the auto-shaped and con-
summatory responses persists for a substantial
period (lespite a change in the dominant de-
privational state. It is possible, lhowever, that
a dominant deprivational state appropriate
to the reinforcer is necessary for the initial
appearance of the reinforcer-related response
form; this was examine(d in Experiment 3.

EXPERIMENT 3

If, in stubjects that are both food- and water-
deprived, the form of the auto-slhaped response
depends on whetlher food or water is the re-
inforcer, we can be sure that the dominance
of the deprivational state appropriate to the
reinforcer is not a necessary condition of the
resemblance between the consummatory re-
sponse and the auto-shaped response. Further,
if dominance of one deprivational state is not
necessary it might l)e possible to alter the re-
sponse form within a subject by changing
from one reinforcer to the other without alter-
ing the prevailing conditions of deprivation.

Subjects and Procedure

Four male White King pigeons were de-
prived of both food and water according to
the procedulre previously described. They were

traine(l to take food and water presented in
the same session. Two birds then experienced
auto-slhaping with the food reinforcer only
until they met the criterion of one or more
key closures on at least 20 of the 30 trials of a

session. Every fifth trial of the session in whiclh
they met criterion was video-taped and evalu-
ated. They then received, in a separate ses-

sion, 10 extinction trials, all of whiclh were
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taped and evaluated. In the next session auto-

shaping was resumed, but the reinforcer was

changed from food to water. One subject re-

ceived 10 sessions of auto-slhaping with the
new reinforcer whereas the other received
three such sessions. Every fifth trial of these
sessions was video-taped and evaluated. A
third bird received a parallel series of treat-

ments except that the reinforcer was water in

the first phase and was subsequently changed
to food for 10 sessions. A fourth bird was

started on water auto-shaping but was discon-
tinued after nine sessions in which no con-

tacts were made with the key.

RESULTS AND DISCUSSION

The results for subjects initially auto-slhaped
with food are shown in Table 4. Subject 21
reached criterion in the fiftlh and Subject 40
in the second session of auto-shaping. The
response form in the criterion session (Phase 1)
strongly resembled grain pecking. The re-

sponse form remained predominately grain
pecking during extinction (Phase 2). The re-

sponse ratings after the change to water as re-

inforcer are shown as Phase 3, early and late.
In the case of Subject 40, Plhase 3, early, is
based on the first session with water as the

reinforcer, whereas Phase 3, late, is based on

Sessions 8, 9, and 10 (tlhe last tlhree sessions)

Tat

Relative frequency of response forimi ratings
from a food to a water reinforcer.

with water as the reinforcer. In the case of
Subject 21, Phase 3, early, is based on the first
two sessions witlh water as the reinforcer,
whereas Phase 3, late, is based on the third
and last session witlh water as the reinforcer.
Sessions or groups of sessions were selected for
homogeneity of ratings. In each case there was

progressive and gradual clhange from a pre-

dominant rating of drinking movements to

one of pecking movements.

The results for Subject 30, initially auto-

shaped with water, are shown in Table 5. The
criterion was met in the second session, al-
though, as it turned out, on half the sampled
trials no rateable movement occurred. The
rateable movements that did occur, however,
resembled drinking (Plhase 1) and continued
to do so during the extinction trials (Phase 2).
Ratings for the first two sessions after the
change to the food reinforcer and for the
last five sessions with food are shown in Phase
3, early and late. Again, a progressive change

occurred to a new response form resembling
grain pecking more than drinking.
The results of Experiment 3 show clearly

that the form of the contact movement is de-
pendent upon the reinforcer (food or water) in
birds that are both food- ancl water-deprived.
The dominance of a deprivational state ap-

propriate to the reinforcer is not necessary

ble 4

in food-and water-deprived subjects changed

Categorya
Phase 1 2 3 4 5 B N

Subject 21

(1) auto-shaping,
food reinforcer 0.83 0.14 0.03 0 0 0 0

(2) extinction 0.78 0.15 0.03 0 0 0 0.03

(3) auto-shaping,
water reinforcer (early) 0.40 0.26 0.06 0.04 0.05 0.04 0.15

(3) auto-shaping,
water reinforcer (late) 0.03 0.17 0.17 0.25 0.08 0.06 0.25

Subject 40

(1) auto-shaping,
food reinforcer 0.92 0.08 0 0 0 0 0

(2) extinction 0.90 0.10 0 0 0 0 0

(3) auto-shaping,
water reinforcer (early) 0.61 0.19 0.06 0.11 0.03 0 0

(3) auto-shaping,
water reinforcer (late) 0 0.02 0.04 0.15 0.46 0.10 0.24

"Categories as in Table 1.
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Table 5

Relative frequency of response form ratings on a food- and water-deprived subject changed
from a water to a food reinforcer.

Categorya
Phlase 1 2 3 4 5 B N

Subject 30

(1) auto-shaping,
water reinforcer 0 0 0.06 0.28 0.17 0 0.50

(2) extinction 0 0 0.08 0.50 0.40 0 0.02

(3) auto-shaping,
food reinforcer (early) 0.01 0.14 0.29 0.26 0.21 0.08 0

(3) auto-shaping,
food reinforcer (late) 0.34 0.45 0.19 0.01 0 0.01 0

aCategories as in Table 1.

for the auto-shaped response to take on charac-
teristics of the consummatory response. This
conclusion is further supported by the finding
that a change of reinforcer produces a corre-
sponding change of response form when the
prevailing conditions of food and water de-
privation are unchanged.

EXPERIMENT 4

The previous experiments showed that the
resemblance between the consummatory re-
sponse and the response to the signalling stim-
ulus could not be explained by the dominance
of a deprivational state appropriate to the re-
inforcer. However, it has not yet been shown
that the resemblance was the result of the
contingent temporal pairing between the stim-
ulus and the reinforcer. There are two other
sources that could account for the resem-
blance. First, there is the possibility of gen-
eralization from the light at the delivery site
of the reinforcer to the keylight. The avail-
ability of food or water was accompanied by
a light at the delivery site, which could have
provided a basis for generalization to the
lighting of the key. Second, it is possible that
the repeated activation of a consummatory
response of one type exerted a direct influence
on the form of the response to the lighted key.
The consummatory response might be poten-
tiated by repeated activation.
Experiments 4 and 5 were designed to show

that the pairing of stimulus with reinforcer is
sufficient to lead to an auto-shaped response
resembling the consummatory response even
when stimulus generalization, the potentiation
of one consummatory pattern, and the domi-

nance of a deprivational state are not available
as possible sources for the resemblance. The
plan of the experiments was to present to a
water- and food-deprived subject one stimulus,

Sl, before the food reinforcer and another
stimulus, S2, before the water reinforcer. The
two stimuli were presented in an entirely
random sequence from the outset of condi-
tioning. In this arrangement, a resemblance
between responses to the stimuli and responses
to the reinforcers that the stimuli signalled
could not be due to stimulus generalization.
If S, and S2 were equally similar (or dissimilar)
to the stimuli directly associated with the de-
livery of the two reinforcers, generalization
could not produce one form of response to Si
and another to S2. The potentiation of con-
summatory patterns by prior activation could
also be ruled out because in a random se-
quence, pecking and drinking would be acti-
vated equally often before trials on which S1
signals food or S2 signals water. The domi-
nance of one deprivational state is obviously
ruled out as a source of different response-
forms to S, and S2 by this within-subject de-
sign.

Procedure

A single male, White King pigeon, simul-
taneously food- and water-deprived, was used.
After training to take food and water from
the delivery devices, auto-shaping with the
two stimulus-reinforcer pairs was begun. The
lighting of the left key preceded the delivery
of water, which was made available from the
right opening. The lighting of the right key
preceded the delivery of food in the left open-
ing. The only difference between the stimulus
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preceding food delivery and the stimulus
preceding water delivery was the position of
the lighted key; i.e., on the left or right side.
Each key showed a white triangle when
lighted. Each session consisted of 30 trials in
which food was presented and 30 trials in
which water was presented. Food and water
trials were presented in a random order. In
all other respects the auto-shaping procedure
was as previously described. There were nine
sessions. Every fifth water-reinforced trial and
every fifth food-reinforced trial of the last
three sessions was video-taped and evaluated.

RESULTS

The ratings of response form during Ses-
sions 7 to 9 (last three sessions) are shown in
Table 6. The trials were shown to the judges
in the same random order in which they oc-
curred. The profile of ratings shows a clear

Table 6

Relative frequency of response form ratings on a sub-
ject receiving signalled food and signalled water.

Categorya
Trial Type 1 2 3 4 5 B N

Food trials: 0.69 0.12 0.06 0.03 0.01 0.03 0.05

Water trials: 0.04 0.26 0.15 0.31 0.19 0 0.06

aCategories as in Table 1.

difference in the response forms on food and
water trials. Ratings on food trials show the
response form to resemble grain pecking with
few exceptions. On water trials, a mixture of
response forms occurred. The ratings of
"clearly", or "probably drinking movements"
(categories 4 and 5) were, however, more fre-
quent than the ratings of "clearly" or "prob-
ably eating movements" (categories 1 and 2).
It is evident that each stimulus evoked fea-
tures of the consummatory pattern appropri-
ate to the specific reinforcer that it signalled.

EXPERIMENT 5

In this experiment, randomly intermixed
food and water trials were again used to in-
vestigate the importance of stimulus-reinforcer
pairings in producing the resemblance of auto-
shaped to consummatory responses. Instead
of judges' ratings, the force characteristics of
responses auto-shaped with food and water
reinforcement were recorded. To reduce gen-

eralization between the food and water keys,
the visual stimuli were made less similar.
Finally, high-speed photography was used to
reveal further details of response form.

Subjects

Six White Carneaux pigeons, about 1 yr old
and without previous experimental training,
were maintained at 85% of their normal
weights, and water intake was limited to 18 ml
per day. Individual subjects were pre-fed 10,
15, or 20 g of mixed grain 10 min before each
session. The exact amounts were adjusted
during pretraining to try to ensure that each
animal would react quickly to both food and
water presentations. On days when no training
session was held, enough grain was provided
to bring the subject to the 85% weight level,
and the animal was then given its ration of
water.

Apparatus

The experimental chamber contained a
Lehigh Valley two-key response panel, modi-
fied to permit the use of water reinforcement
and to allow measurement of response forces.
The water receptacle, whiclh was taken from a
Lehiglh Valley model 1577 liquiid feeder, pro-
truded into the experimental chamber 0.5
in. (1.3 cm) above the food magazine. A small
indicator lamp, mounted 1 in. (2.5 cm) above
the receptacle, was illuminated for 3 sec when-
ever water was delivered.
The force transducing keys are described in

detail elsewhere (Moore, 1971). Briefly, 4-in.
(10-cm) long Plexiglas keys were hinged on
0.008-in. (0.02-cm) brass shim stock. Movement
of the key compressed a coil spring, and was
monitored by a Hewlett Packard/Sanborn
model 7DCDT-100-Bl1 displacement trans-
ducer. Above a 5 gf (0.05 N) tlhreshold, the
transducer's output voltage was proportional
to static force applied to the key. This system
was used in place of rigid force transducers
because pecks that land upon unyielding keys
sometimes cause beak injury and cessation of
responding (Hefferline, Birch, and Gentry,
1961; but cf. Rilling, Kramer, and Askew,
1970).
Photographs were made after the experi-

ment was completed. For high-speed motion
pictures, a telephoto lens was used and the
camera and photographer were hidden behind
a screen 5 ft (1.5 m) from the subject. The
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chamber was illuminated by a single 500-W
photoflood lamp. The lamp was aligned with
the e(dge of the response panel so that it would
not shine directly upon the keys. For still
photograplhs, a box containing normal Lelhigli
Valley response keys was utilized. A Nikon-F
camera was set on "bulb", and an electronic
flash was switched by the response key itself,
thus catching the subject at approximately
the moment of key contact (cf. Smith, 1967).
Recording was done on a Teclhni-rite model

TR-7 11 oscillograph. The experiment was
controlled by a LINC-8 digital computer.

Procedure

The stimuli that were paired with the two
reinforcers differed in form, color, and posi-
tion. For half of the animals, an "/1,;-in. (1.75-
cm) diameter red disc projected onto the left
key signalled water, wlhile three white, vertical
stripes projected onto the right key signalled
food. The reinforcement assignments were
reversed for the remaining animals. The
stimulus duration was 6 sec. The reinforce-
ments were a 3-sec presentation of grain, or
0.10 ml of ta) water. Each animal was studied
for 10 sessions, spaced at 48-hr intervals. Each
session contained 30 food and 30 water trials,
intermixed in random order. The sequences
were generated by the computer, using an
additiv e pseudo-random number generating.
The mean intertrial interval was 60 sec.
The response-force records selected for re-

production were chosen by a random sam-
pling techniquie. The training period was par-
titioned into five two-session (120-trial) blocks.
Blank records were excluded, and a table of
random numbers was used to select one food
and one water record for each subject from
each block of trials.

RESULTS

All subjects responded to both stimuli. The
first recorded response to the food key ap-
peared after a mean of 23 food reinforcements
(range: 7 to 70); responses to the water key
emerged after a mean of 29 reinforcements
(range: 13 to 68). Acquisition curves for indi-
vidual subjects and a mean curve are shown in
Figure 1.
Most responses were of appropriate con-

summatory form. There were two exceptions:
Subject 218 made frequent drinking reactions
to the food key during the first training ses-

sion, an(I Subject 305 made many responses
of mixed or indeterminate topograplhy
tlhrouglhout the experiment. The remaining
animals, lhowever, made few or no responses
of other than reinforcement-appropriate con-
suLmmatory form. The typical topographies
are shown in Figure 2. On food trials, the
pigeon's I)eak was uIsually opened wide at the
moment of contact witlh the key; on water
trials, the beak was ordlinarily closed, or al-
most so. The reaction to the water key often
included the slow, rlhythimic low-amplitude
opening and closing of the beak characteristic
of the species' drinking reflex. Botlh visual
observation and motion pictures revealedl that
a licking response was sometimes co-ordinated
with these movements. At least tlhree of the
experimental animals, and one pilot subject,
were seen to lick the key, or lick toward it,
as shown in Figure 3. The filmed sequence
shows almost two complete cycles of drinking
movements. As the beak begins to open, the
tongtue is raised andl can be seen between the
manclibles. By the time of the next exposure
(16 msec later) the tongue has been extended
toward the key. It is then retracted, the beak
is closed, and the cycle is repeated.
The pecks evoked by the food key were

typically brief, forceful reactions. Most were of
roughly 10 to 70 msec duration, and there-
fore appear as spikes in the response-force
records shown in Figure 4. Most reached 50
to 200 g force (0.5-2.0 N). Responses on the
water key were occasionally of longer dura-
tion, and consistently of lower force. Examina-
tion of Figure 4 reveals that the mean re-
sponse force to the food key exceeded the
mean force to the water key in at least 26 of
the 28 pairs of records. The pattern held true
for all six subjects. The chance probability
that all six would tend in the expected direc-
tion is less than 0.02.

Altogether, the force differences, the judges,
ratings, the photograplhic evidence, and the
experimenters' observations indicate that re-
actions to the food and water keys were
distinctly different, and that each showed a
remarkable resemblance to the consummatory
pattern elicited by the reinforcer that it sig-
nalled.

GENERAL DISCUSSION

The principal conclusion from this series
of experiments is that exposure to contingent
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Fig. 2. Typical food and water auto-shaped responses as they appear at the moment of key contact. The pho-
tographs show the contact responses of Subject 204 during eight consecutive trials. Photographs on the left show
responses to the left key, which was paired with water; those on the right show responses to the right key, which
was paired with food.
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Fig. 3. Auto-shaped drinking movements, photographed at 64 frames per second. Viewed from left to right
beginning on top row, the sequence shows almost two comiiplete cycles of drinking movements. The beak does
not in this case touch the key, and it is therefore possible to see the licking response that is coordinated with
the opening and closing of the mandibles. The tongue appears in the third frame and is fully extended in the
fourth and fifth; it is retracted as the beak begins to close. The cycle is then repeated, and the tongue is seen
again in the twelfth and thirteenth frames.

by presentations of the reinforcer, dominance
of a deprivational state appropriate to the
reinforcer, or generalization between the re-
inforcing stimulus and the signalling stimulus.
The resemblance is a consequence of the con-
tingent relation between the signalling stimuli
and the reinforcers.
One cannot, of course, conclude from the

present results that in every case in which the
auto-shaping procedure produces approach
and contact with the signalling stimulus, the
form of the contact response will resemble
the consummatory movements evoked by the
reinforcer. In fact, Sidman and Fletcher
(1968), and Rachlin (1969) obtained contact
movements in auto-shaping experiments that
were not obviously related to movements
evoked by the reinforcer.

In the experiment by Sidman and Fletcher

(1968), rhesus monkeys pressed a panel that
was lighted to signal the delivery of food. The
authors reported: "Although the monkey used
its fingers to press the key and to pick up the
[food] pellet, the topography of these behav-
iors is quite different." It seems likely that the
form of the contact response in auto-shaping
will depend not only on the reinforcer but
also on the physical properties of the signal-
ling stimulus. Perhaps a pellet-grasping move-
ment would be directed to a small object that
was lighted to signal the delivery of a pellet,
even though grasping movements were not
made to the panels used by Sidman and
Fletcher.

Rachlin (1969) used the cessation of shock
as a reinforcer with pigeons in an experiment
that might be viewed as auto-shaping. A series
of shocks was begun, and 77 sec later the key

176



FORM OF A UTO-SHAPED RESPONSE

TIIALS:1-12S 121-240 241-360 361-480 4$1-600

Fig. 4. Response-force recordings from randomly selected food and water auto-shaping trials. The five records

at top of page show that Subject 204 responded to the food key with pecks that often reached 100-g force (1.0

N). The subject's water-trial records, immediately below, show responses of far lower force. The next subject,

218, typically struck the food key with more than twenty 175-gf (1.7 N) pecks, but touched the water key lightly,
with responses of considerable duration. Consistent force differences, and occasional duration differences, can be

seen in the records of Subjects 301, 311, and 417. Differentiation is poor in the early records of 305. Scale: Stylus

returns to center of chart to demarcate end of each 6-sec trial. Force scale as shown.
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was lighted. If no response occurred, it went off
after 7 sec coincident with cessation of shock.
An escape contingency was also in effect, since
a response within the 7-sec period turned off
the light and the shock immediately. The pro-
cedure resulted in pecks at the lighted key and
in wing movements, which also depressed the
key. Rachlin stressed that the key pecks were
similar in form to those seen when the auto-
shaping procedure was carried out with food
as the reinforcer. Since in the aversive case,
pecks were not evoked by the cessation of
shock, Rachlin's result appears to be an ex-
ample of an auto-shaped contact movement
whose form is unrelated to movements evoked
by the reinforcer.
The results are, however, open to other in-

terpretations. First, the contact response
might have been shaped by the escape con-
tingency. If so, the results would not bear on
the relation between the reinforcer and the
form of auto-shaped contact responses. Second,
although the lighting of the key preceded the
cessation of shock, it was also paired with the
presence of shock. Shock-induced aggressive
responses, which in pigeons include pecking
and wing movements of certain types, might
be directed to the key as the result of this
pairing. Raclhlin's experiment may have more
to do with conditioned aggression than with
auto-shaping based on the cessation of shock
as a reinforcer.
What is the relation of auto-shaping to

classical conditioning? As we have noted, the
procedure in the auto-shaping experiment
is the same as that in classical conditioning.
In each case, an initially neutral stimulus is
followed regularly, and independently of re-
sponses, by a reinforcing stimulus. In other
words, the reinforcer is made contingent on a
prior stimulus but not on responses. We have
referred to this prior stimulus as a signalling
stimulus because of its contingent, predictive
relation to the reinforcer.

Auto-shaping differs from the reference ex-
periments in classical conditioning in one
obvious way. The reference experiments were
concerned with the conditioning of relatively
local, specific responses of certain muscles or
glands. In auto-shaping, on the other hand,
the conditioned behavior of interest involves
skeletal movement directed toward the signal-
ling stimulus. We do not yet know the sig-
nificance of this difference.

Is the conditioning process in auto-shaping
the same as the one involved in accepted ex-
amples of classical conditioning? The an-
swer to that question must depend in large
part upon the extent to wlhich the same vari-
ables have the same effects on auto-shaping
and on accepted examples of classical condi-
tioning. Some interesting parallels have al-
ready been shown.
Williams and Williams (1969) found that

the auto-shaped key-peck response in the
pigeon tended to persist even when the re-
sponse resulted in omission of the reinforcer.
A similar phenomenon has been shown in
classical salivary conditioning in dogs (Shef-
field, 1965) and in classical conditioning of
licking in rats (Patten and Rudy, 1967).
Gamzu and Williams (1971) showed that the
delivery of unsignalled reinforcers between
trials, which reduces the contingency between
the signalling stimulus and the reinforcer, re-
duces the frequency of key pecking in auto-
shaping. A parallel relation of S-S contingency
to strength of conditioning has been shown
with the conditioned emotional response (Res-
corla, 1968). The auto-shaped key-contact re-
sponse shares to an impressive extent the
properties of accepted examples of classical
conditioning.

Stimulus substitution is the orthodox theory
of classical conditioning. It holds that as the
result of pairing, the CS comes to evoke the
response originally evoked only by the UCS.
The observation on which the theory rests is
the close resemblance found in certain cases
between the conditioned response and the un-
conditioned response. Are the present results
on auto-shaping consistent with the substi-
tution theory of classical conditioning?

It is important to recognize that there is an
ambiguity in concept of substitution. It can be
taken to mean that the CS acquires the re-
sponse-eliciting properties of the UCS, or that
the CS-object comes to act as a surrogate for
the UCS-object. The ambiguity in the concept
of substitution becomes apparent in the con-
text of the auto-shaping experiment precisely
because the behavior of interest is skeletal
movement directed toward stimulus objects,
rather than a directionless reflex.

Consider that the UCS is the delivery of
grain, the UCR is approach and eating from
the grain tray, and the CS is the lighting of
the response key. Substitution in the sense of
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response elicitation implies that the CS will
come to elicit the response that the US elicits,
namely approachi to, and pecking at or near,
the grain tray. On the otlher hand, substitution
in the sense of the CS-object as a surrogate for
the US-object implies that it is the keylight
that will be approached and pecked at as
though it were the grain. The results of the
present experiment were, of course, consistent
with the latter meaning of substitution.
What was Pavlov's concept of substitution

at the behavioral level? Consider the follow-
ing quotations:

Let us take any natural phenomenon that
has never had any relation either to food
motion or to food secretion. If this phe-
nomenon precedes the act of eating, once
or several times, it will later provoke a
food reaction; it will become, so to speak,
a surrogate for food-the animal moves
toward it and may even take it into its
mouth, if the object is tangible.
-Pavlov, 1930, p. 209. Also, 1941, p. 47.

The first reaction elicited by the estab-
lished conditioned stimulus usually con-
sists in a movement towards the stimulus,
i.e., the animal turns to the place where
the stimulus is to be found. If the stim-
ulus is within reach, the animal even tries
to come in touch with it, namely, by
means of its mouth. Thus if the condi-
tioned stimulus is the switching on of a
lamp, the dog licks the lamp; if the con-
ditioned stimulus is a sound, the dog will
even snap in the air (in case of very
heightened food excitability). In this way
the conditioned stimulus actually stands
for the animal in place of food.

-Pavlov, 1934, p. 187.

In these, and in several similar passages,
Pavlov was describing an object-substitution
principle. It seems clear that the present ob-
servations on auto-shaping would have been
regarded by Pavlov as conforming to his view
of the substitution principle in classical con-
ditioning.
Other authors have taken the position that

action directed toward a localized CS does
not conform to a substitution principle of
classical conditioning. Zener (1937) described

conditioned movement toward a CS (a bell
mounted to the side of the food pan), as well
as conditioned movements directed toward
the food pan itself. He argued that neither
of these actions was in keeping with a sub-
stitution theory of classical conditioning. Wil-
liams and Williams (1969) also took the po-
sition that the directed property of the pi-
geon's key peck in auto-shaping does not con-
form to a substitution theory of classical con-
ditioning. Staddon and Simmelhag (1971) ex-
pressed similar reservations. It would appear
that each of these authors is rejecting the
concept of the CS as a substitute for the re-
sponse-eliciting property of the UCS. Whether
they would also reject the concept of the CS-
object as a substitute for the UCS-object is a
moot point.

Bindra (1972), on the other hand, offered
an interpretation of auto-slhaping that is more
similar to the one that we believe is clearfy
implied by the previous quotations from Pav-
lov. Bindra refers to the UCS as an uncondi-
tioned incentive stimulus and to the CS as a
conditioned incentive stimulus. In auto-shap-
ing, according to Bindra, the CS becomes a
surrogate of the UCS and acquires some of
its incentive properties. Approach to and con-
tact with the CS is taken to be a direct re-
sult of this process.
To recapitulate, the procedures in auto-

shaping and classical conditioning are for-
mally identical, a nuimber of variables have
been shown to affect auto-shaped responses
and accepted examples of classically condi-
tioned responses in similar ways, and the
present results on auto-shaping are consistent
with one interpretation of the substitution
theory of classical conditioning. What is the
significance of these relations for an under-
standing of auto-shaping?
What might be called the object-substitu-

tion principle of classical conditioning (CS
as a surrogate of the UCS) is little more than
a shorthand description of the correspondence
between the behaviors directed toward the
conditioned and unconditioned stimuli. Nei-
ther the correspondence nor the description is
perfect. The form of a classically conditioned
response often depends not only upon the na-
ture of the reinforcer but also upon other fac-
tors including the physical properties of the
conditioned stimulus. Such multiple determi-
nation undoubtedly occurs also in auto-shap-
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ing (cf. Sidman and Fletcher, 1968). Further,
it is quite possible that unscheduled response-
reinforcement relations will prove important
in at least some auto-shaping situations. Be-
cause so little that is fundamental is presently
known about conditioning, the further anal-
ysis of auto-shaping may tell us more about
how the distinction between operant and
classical conditioning should be drawn than
our current conceptions of this distinction
can tell us about auto-shaping (Bindra, 1972;
Moore, 1973).
The evidence that auto-shaping and ac-

cepted examples of classically conditioned
responses are affected by certain manipula-
tions in similar way (Williams and Williams,
1969; Gamzu and Williams, 1971) is of con-
siderable interest. It suggests that other vari-
ables known to affect classical conditioning
should be explored in the context of auto-
shaping. But, evidence of this form cannot by
itself distinguish between kinds of learning
processes. Until the appropriate experimental
comparisons are made, we must entertain the
possibility that operantly shaped behavior that
is, like auto-shaping, under close stimulus con-
trol will be affected by these manipulations in
a way that parallels the results on auto-shaped
responses (Jenkins, 1973).
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