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A number of investigators have demonstrated that some
directed skeletal movements of animals are strongly influenced
by whether or not certain stimull are signals for appetitive
objects, even though such movements are not necessary to
insure the delivery of those appetitive objects. Hearst and
Jenkins (1974), in reviewing some of these experiments, have
postulated a general class of behaviors which they refer to
as sign tracking.

Sign tracking refers to behavior that 1is

directed toward or away from a stimulus as a

result of the relation between that stimulus and

the reinforcer, or between that stimulus and the

absence of the reinforcer.---The word tracking

is meant to be flexible in its application, it

can refer to an organism's orientation, approach,

or contact responses directed toward signs of

particular reinforcers, as well as an organism's

withdrawal responses directed away from signs

that a reinforcer is not coming.

(Hearst & Jenkins, 1974)
They concluded that sign tracking is a very adaptive form of
behavior for an organism. Those stimuli which, in the organ-
ism's natural environment, have come to be positively associ-
ated with biologically significant events (food, water, a
mate) tend to occur in spatial proximity to these events.
Hence, approaching these "signs" will generally bring the
organism into contact with the appetitive object. Hearst
(1975) feels that sign tracking is primarily dependent upon
the organisms learning the contingent relationship between
two environmental events,

Traditionally it was assumed that skeletal responses

were sensitive primarily if not entirely to instrumental
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contingencies, that 1s, when the delivery of the appetitive
object 1s contingent upon a specified response being made by
the subject (Kimble, 1961; Skinner, 1938). That this is not
the case has been demonstrated a number of times. For example,
Brown and Jenkins (1968) have shown that a Pavlovian procedure
may lead to the conditioning of a skeletal response, Xey
pecking in the pigeon. Pigeons who were exposed to an illum=-
inated response key for 8 sec followed immediately by presen-
tations of grain came to approach and peck the key. Brown
and Jenkins called this phenomenon "autoshaping”". In such a
Pavlovian procedure the delivery of the appetitive object (us)
is contingent only upon the presentation of another stimulus
(CS) and is independent of the subject's behavior.

Gamzu and Williams (1971) showed that it is the contin-
gency between the stimulus and the grain presentation, not
Just the pairing that is important in autoshaping. They
exposed pigeons to two experimental conditlons. Under their
*differential” condition the US occurred not only at the
end of the CS, but on a probabilistic schedule during the
CS presentation., At intervals that averaged 30 sec in dur-
ation an 8.6 sec key light was presented. During.each 1
sec of key illumination the probability of grain presente-
tion was .03. That is, grain occurred on the average of
once every 33 sec during the CS, and never occurred in the
absence of the CS. Thus, the CS was not a signal of an

inevitable US presentation, but indicated a period during
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which US's occurred with some given momentary probablility.
In the "nondifferential” condition the probtablility of a US
occurrence was made the same in the absence as in the pres-
ence of the CS. Key pecking did not affect CS or US presen-
tations under either condition.

Four pigeons exposed to the "differential”™ condition
eventually acquired the pecking response to the 1lluminated
key. When these birds were switched to the "nondifferential”
condition, key pecking dropped to a very low level during the
CS and was also infrequent in the absence of the CS., Another
group of five pigeons who were initially exposed to the "non-
differential”™ condition did not acquire a pecking response to
the lighted key. However when they were switched to the
"differential” condition, key pecking did develop in the
presence of the C3S, although at somewhat lower rates than in
the other group of birds. Other experiments (Gamzu & Schwartz,
1973; Gamzu & Williams, 1973) have also demonstrated that
a positive contingency between a key light and graln presen-
tation 1s sufficient to elicit and maintain key pecking in
pigeons.

The view presented here and elsewhere (Hearst, 1975;
Hearst & Jenkins, 1974; Mackintosh, 1974; Moore, 1973;
Schwartz & Gamzu, 1977) 1s that some skeletal movements
(sign tracking in general and autoshaping in particular)
can te conditioned via a Pavlovian procedure, A positive

contingency between presentations of an illuminated key
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and access to a grain hopper (that is, a stimulus-reinforcer
relationship) 1s sufficient to produce directed pecking in
the pigeon, Another view, however, is that sutoshaped te-
havior 1s the result of an sdventitious instrumental contin-
gency. Since access to grain would sccidentally follow a
peck to the lighted key by only a short interval, this

would increase the protatility of further pecks to the key.
Key pecking, presumably, would then be superstitiously
maintained due to an accidental response-reinforcer rela-
tionship.

Two methods have typlcally been used to separate the
effects of response-reinforcer and stimulus-reinforcer
relations in autoshaping. One such method 1s the omission
procedure under which the effects of the response-reinforcer
relationship oppose the effects of the stimulus-reinforcer
relationship. Williams and Williams (1969) applied this
method to the basic autoshaping procedure. One group of
birds was exposed to presentations of a 6 sec key light
followed by grain presentation with an intertrial interval
that averaged 30 sec, however pecks to the lighted key
turned off the key and prevented delivery of the scheduled
grain. Key pecking was both generated and maintained under
this procedure although a negative response-reinforcer
contingency was in effect. These results are consistent
with the view that it is the stimulus-reinforcer relation-

ship that 1is primarily responsible for autoshaped behavior.,
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The other method which has bteen used to separate the
effects of stimulus-reinforcer and response-reinforcer
relationships is to allow the subject to observe the stim-
ulus-reinforcer relationship while somehow preventing ap-
proach toward or contact with the CS and/or US. Under this
procedure the subjects would be allowed to only passively
observe the stimulus sequence, and a response-reinforcer
effect would presumably not occur since no approach or
contact responses would te available to be strengthened.
Typically this procedure is instituted by blocking the
subject's access to the CS or the US with a barrier in-
serted between the subject and the response key and/or
grain hopper.

A number of experiments in which subjects were phys=
jcally prevented from contacting the CS or US have been
performed. In one of these (Kirby, Muir, & Moore, cited
in Moore, 1973, and Hearst & Jenklns, 1974) pigeons were
exposed to a standard autoshaping procedure, but a hard-
ware cloth screen prevented them from coming within sev-
eral inches of the response key. The subjects were allowed
to eat when the grain was presented. During a seriles of
unreinforced test trials with the barrier removed, all
birds approached and pecked the lighted key on the first
or second trial it was availatle. Two other birds had ob-
served both 60 trials with a CS+ and 60 trials with a CS-

while the barrier was in place. In the unreinforced test
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phase they made an average of 214 pecks to the CS+ and no
pecks to the CS-. It is important to note, however, that
during the training phase of the experiment the birds
pointed their beaks and made biting movements in the di-
rection of the inaccessible CS+.

In a similar experiment, browne and Karplcke (cited
in Hearst & Jenkins, 1974, and in Hearst, 1975) first
magazine trained their pigeons, then lnserted a plexiglass
ghield in front of the stimulus panel which blocked access
to both the C3S and US. Different groups of birds observed
a positive, negative, or zero contingency between 6 sec
key lights and presentations of the inaccessible grain
hopper for 2-3 sessions. These birds did not tend to make
any consistent movements toward the CS or US after the
first few trials of the observation phase, Next, the
birds received a standard session of autoshaping with the
plexiglass shield removed. During this test session the
positive, zero, and negatlive contingency groups averaged
263, 104, and 55 responses to the key respectively. The
behavior of the birds revealed that they had learned the
predictive relationship between the key light and food
presentations.

Parisi and Matthews (1975) have also ottalned results
indicating that pigeons can learn a predictive relationship
between a CS and US. Subjects were first given four days

of magazine training., Next three groups of birds, a posi-
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tive contingency group, a random control group, and a group
which received neither presentations of the CS or of the US,
were exposed to one session (35 trials) of otservation train-
ing during which access to toth the response key and the
grain hopper was prevented by an acryllic tarrier. With the
barrier. removed, three sessions of standard autoshaping and
one session of omission training followed. A significant
difference was reported between the positive contingency
group and the random control group for cumulated response
trials during the first three test sessions. The rate of
acquisition of pecking was found to te greatest for the pos-
itive group, and least for the random group,.

Browne (1976) performed two experiments in which he
attempted to evaluate the role of overt movements and pri-
mary relnforcement in autoshaped behavior. In the first
experiment, plgeons were given five sessions of magazine
training. The next three sessions comprised the observation
phase, during which a transparent shield was placed in
front of the grain hopper. Thus, the grain was visible
but inaccessible during the US presentations. Throughout
the observation phase the response key was accessible and
pecks to 1t were recorded. Different groups of birds ob-
served positive, zero, and negative contingencies between
the key light and the inaccessible grain. Another group
recelved presentations of the inaccessible grain, but no

presentations of the key light., The shield over the grain
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hopper was then removed and the subjects given three "free"
food presentations. For the next five sessions, the auto-
shaping transfer phase, a standard autoshaping procedure
was employed. During this phase the birds in the positive
contingency group tended to peck sooner, on a greater pro-
portiocn of trials, and at higher rates than tirds from the
other groups. For subjects in all groups pecks to the key
were infrequent during the observation phase.

Browne's second experiment was performed to determine
whether the positive contingency btirds had learned to ap-
proach the response key or the negative contingency birds
had learned to withdraw from the response key during the
observation phase. A *“long-box" was used with the grain
hopper in the center of the front wall and the response key
at one end. The subject's position in the box could be
recorded via hinges and microswitches in the floor of the
box. The procedure was similar to that of the first exper-
iment: magazine training, followed ty an observation phase,
then followed by an autoshaping transfer phase, During the
observation phase, Browne found that there was no tendency
for the positive group to stand near the response key, or
for the negative group to withdraw from it. However, when
the grain hopper shield was removed and a standérd auto-
shaping procedure instituted, the positive contingency
birds apprecached the response key significantly more than

the negative birds on the first day of the test phase.
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bErowne concluded from these two experiments that what
was learned during the observation phase was the relatlionship
between two stimull, rather than any overt movements. He
considered his findings to be conslstent with the general
cognitive notlon that subjects in animal experiments may
learn atout relationships between environmental events rather
than simple associations between stimuli and responses. This
investigation and others cited above indicate that animals
can learn about contingencies among stimulus events, aslthough
no primary reinforcement is delivered, and although no con-
eistent changes in overt behavior can bte observed. The
results of these types of experiments led Hearst (1975) to
propose that the perception of stimulus-reinforcer contin-
gencles tends to precede and direct behavior toward the most
reliable predictor of a US,

This type of learning in animals would appear to be
quite adaptive from an ethological point of view. Valid
arguments have been made that the ecological niche of a
speclies should be consldered in sttempts to explain behav-
ior (Breland & Breland, 1966). 1In their natural environ-
ments those animals which approach stimulil that predict
food tend to come into contact with food, and those animals
which approach stimull that predict a mate tend to come
into contact with a mate (much research has been performed
by ethologists on stimuli which are releasers for mating

behavior, Eibl-Eibesfeldt, 1975).
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There are, however, a number of problems in general-
izing from laboratory experiments to the tehavior of ani-
mals in their natural environments. One such protlem is
that in experimental studies animals are usually severely
food deprived. Noran (1975) has discussed some of the
problems regarding the exclusive use of severely food de-
prived sublects to formulate general laws of behavior.

He concludes that severe food deprivation is an acute and
abnormal condition for subjects, and that the behavior of
a severely deprived subject may not te rerresentative of

the normasl behavior of the species.

Although animals in their natural hatitats are rarely
subjected to conditions of severe food deprivation, it 1is
quite possible that they can learn about relationships
_between envircnmental events. The two experiments pre-
sented here are an attempt to determine if pigeons can
in fact learn about stimulus-reinforcer relationships while
in a nondeprived state., It is important to point out that
a distinction is teing made here between learning and per-
formance. This distinction implies that learning may occur
in the absence of any overt behavioral change and that some
assessment of performance will be necessary after the learn-
ing has occurred in order for this learning to be detected.
In this respect these experiments (as were the observation
experiments cited above) are similar to some of the classic

latent learning studies (see Thistletwalte, 1951 for a review).
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The present experiments are different from the clsssic inves-
tigations of latent learning in that Pavlovian procedures
were enployed and some primary reinforcement (magazine train-
ing) was delivered tefore presentations of the CS and US
began.,

The general plan of these experiments was to expose
different groups of nondeprived pigeons to different contin-
gencles tetween key light and grain presentations. Although
differential behavior between the groups of birds was not
expected to occur during this nondeprived conditioning phase,
learning was expected to cccur. That 1s the prediction teing
made was that pligeons are capable of learning atout relation-
ships between events in the environment while in a nondeprived
state. In order to assess if any learning had indeed occurred
the birds in all of the groups were deprived and exposed to
a standard autoshaping procedure. Differential facilitation
of autoshaped tehavior would indicate that some learning has

occurred during the nondeprived training phase.
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Experiment I

This experiment was an attempt to determine if pigeons
can learn about simple contingencies between environmental
events while nondeprived. Different groups of birds were
exposed to positive, negative, or zero relationships te-
tween presentations of a key light and grain while in =
nondeprived state., In addition two control groups were run,
a CS-only group which recelved only presentation of the key
light, and the Hold group which received no preexposure to
the CS or the grain. The birds in all groups were then
deprived and exposed to a standard sutoshaping procedure
to determine if any learning had occurred during the non-

deprived stage.
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Fethod

Sutjects The sutjects were 40 experimentally naive barn
pPigzeons maintained at thelr free feeding welghts during
the nondeprived continzency phase of the experiment, and
at approxirmately 75% of their free feeding welchts durine
the magazine training phease and the deprived sutoshapine
phase. The tirds were raintained with s grain mixture
(50% wheat, 50% milo) presented toth in thelr home cages
and as the US in the experimental chamter via a grain
hopper.
Apparatus All experimentation was conducted in two 3/4
inch plywood plgeon chamters with standard relay program-
ming equipment located in an ad jacent room, These cham-
bers had internal dimensions of 32 cm X 26 cm X 43,5 em. A
Grason Stadler response key was mounted in the center of
one wall 17.5 ¢m atove a wire mesh floor of each chamter.,
Directly below each key, 5 em from the floor was an open-
ing 5.2 em X 6.4 e¢m allowing access to a erain hopper.
The response key was transilluminated by a chromatic stim-
ulus of peak wavelength 555 nm projected from an Industrisl
Electronics display cell equipped with No. 44 miniature
lamps., Noise from = ventilation fan was continuously pre-
sent in the chamter to mask extraneous sounds. A 7 watt,
110 volt houselight mounted in the upper corner opposite
the key provided constant diffuse illumination in the chan-

ber except during US presentations when a magazine light
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operated. Thne zraln zmagazine was eguipped with a photo-
cell to measure eating tehavior durineg all phases of the
experirent.
Frocedure Thls experizent had three consecutive phases:
magazine traininzg and free crain delivery (sutjects de-
prived), a contingency phase (subjects nondeprived), =nd
an autoshaping test phase (sutjects deprived).

Phase 1: Magzazine training snd free grain delivery.
All tirds were reduced to and maintained at approxirsately
757 of thelr free feeding weights for thnis phase of the
experirent. During the first session the pigeons were
tralned to approach and promptly eat from the grain hopper
when 1t was presented. For the following two sessions the
sut jects received presentations of free unsignalled grain
according to a variatle interval time schedule with a rean
of 60 sec (VI-60 sec) and a ranze of 15 to 120 sec., During
these sessions grain presentations lasted for 3.5 sec, and
each session ended after abtout 30 presentations of the
grain.

Phase 2: Contingency phase. ELefore this phase wss
tegun all tirds were allowed to return to their free feed-
Ing weizhts and divided randomly into five groups of eight
each. Throughout the course of this phase the sutjects
were allowed to feed ad 1lib in thelir home cages.

The contingency phase consisted of five sessions.

Three groups of plzeons were exposed to presentations of
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the C3 (£ sec 1llurination of the response key with a lizht
of 555 nm) in some temporsl relation to the US (presentation
of the grain hopper 3.5 sec). For the Signal group the
C3 was presented according to & VT-A0 sec schedule, and
simultaneously with the C3S offset the grain was presented.
For the Truly Randor group the CS and the gzrain were pre-
sented according to independently opersting VT-£0 sec
schedules, Ffor the Unpaired group, CS presentations and
grain presentations were progranmed by separate, indepen-
dently operating, VT-60 sec schedules. Onset of the C3
initiated a 26 sec negative period (6 sec while the key
was 1lluminated and the irmediately succeeding 20 sec)
during which neither schedule was 1in operation, that 1s
no grain presentations or C3 presentations were made dur-
ing this time. A fourth group, the CS-only group was ex-
posed to an equal numbter of CS presentations as the three
preceeding groups, tut was not exposed to any gralin pre-
sentations during this phase. Finally a fifth group, the
Hold group received no training during this phase of the
experiment. Fach session of the contingency phase ended
after about 50 presentations of the CS and pecks to the
key were recorded for tirds in all of the groups.

Fhase 3: Autoshaping test phase. All of the subjects
were again reduced to and malintained at approxirately 75%
of their free feeding weights. At the start of the next

session after the tird was placed in the chamter, the graln
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hopper was presented and held until the plzeon had eaten
from it for atout 3 seec. Two more presentations of grain
were offered, Thlis mazazine training was to insure that
all tirds would eat readily from the erain hopper durinz .
the test series which followed.

The autoshaping test phase follwed imredistely =fter-
ward., Each session consisted of 40 presentstions of the
CS and US., For sutjects in all groups trisls consisting
of the 6 sec C3 followed by irmediate presentations of the
grain hopper occurred according to a VI-60 sec schedule.
All birds were exposed to five sessions in this phase.

Key pecks were recorded.,
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Results

Continzercy chase (sutjects nondeprived). There was

no consistent pecitinz at the i1lluzinated response key for
tirds in any of the groups during this phase of the ex-
rerirment. Flzgeons in the Sienal croup did peck slightly
more---on an average of 2.,75% of trials, The larcer nur-
ter of trisals with pecks for the Sienal group was prirarily
due to one tird (#29) on one day (session 3), who saccoun-
ted for G1% of all the trials with pecks for the 3Signal
groups during this phase. Analysls of varlance tests in-
dicated that differences tetween the groups were not sig-

- nificant for two measures, nurbter of trials with pecks

or number of pecks per trial. To further indicate the sim-
ilarity of these groups during the nondeprived phase, the
median numter of trials with at least one peck over all
five sessions was 0 for all of the groups except the Un-
ralred group for which the rmedian was .5.

The birds also showed no consistent eatine tehevior
during this phase. The average per cent of trisls on which
eating occurred ranged from 1.13% for the Truly Randonm
group to 1.75% for the Unpaired group.

Nonsysteratic visual observatlion of the tirds in all
of the groups during this phase revealed no tendency for
any of the plgeons to approach or withdraw from the Key
light. BRather, the tirds tended to crouch in a corner

and watch the Xey light and zrain presentations.
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Autoshaping test thase (sutjects deprived). Whern the

plgeons wWere agaln deprived and glven standard autosnaping
training, tirds in the 3ignal group pecked sooner than

birds in the other groups. The trial of the first peck for
plgeons in each zroup is presented in Tatle 1. A FKruskal-
Wallis one way analysis of variance ty ranks yielded s
significant treatment effect (2=19.4, df=L, p£.001). Venn-
Whitney U tests showed that tirds in the Sienal eroup snd
Hold group pecked significantly sooner than tirds in any

of the other groups (Us<il, ps<,03). lio other tetween group
comparisons ylelded statistically significant differences

for the trial of the first peck.

Insert Tatle 1 stout here

Since some tirds in 211 of the esroups tended to peck
on an early trisl and not to peck again for a numter of
trials another measure, the first trial of three consec-
utive trials with st least one peck, was snalyzed. The
data for this reasure also aprear in Table 1. An nonpsra-
nmetric one way analysis of variance disclosed a siznificant
treatment effect (H=11.84, df=4, p&L02). Rank tests in-
dicated that tirds in the Signral and the Hold groups were
significantly different from tirds in the Unpalred and

CS-only group (Us£12, ps<04). No other tetween group
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Tatle Caption
Tatle 1: Trial of the First 3esponse =2nd First Tri=sl of
Three Ccnsecutive Trials with s 2esronse for each Sultject

in each Group.



20

Teble 1

Trisl of the Flrst nesponse esnd
First Trial of Three Consecutive Trlals with a Eesponse

ist irial of

- - Trial of the 3 Consecutive Trials
Group Sub fect 1st Resgponse with a Resvcrnse
3 1 1
4o6 1 19
29 5 g
Signal 24 5 36
5 7 22
19 7 12
Lig 13 13
8 16 86
Fedian = 5 Fedian = 1%
20 2 20
22 3 10
Lo3 [ £
Hold 27 1h Ls
413 22 31
17 26 g;
23 9
11 L2 Ls
Median = 18 ¥edisn = 30
26 17 17
28 17 33
18 . 28 28
Truly 2 31 31
Random 15 31 42
Lok 42 56
7 : L6 1%
420 50 63
Kedisn = 31 ¥edian = 37.5
L7 1 20
6 29 Ly
12 35 ' Le
Unpaired 25 36 g
30 Ls g;
13 55
9 56 56
hi2 59 59
Fedien = %40.5 Median = U49.5
21 16 , 35
402 28 B3
-1 29 35
CS-only 409 30 30
14 L3 50
16 61 66
10 67 67
& 91 114

Median = 36.5 Kedisn = 42.5
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corparisons revealed any significant differences with re-

gard to this measure.

Insert Figure 1 atout here

Mean nurber of trials with at least one peck durins
each of the filve autoshaping test sessions are given in
Figure 1. A two way aralysis of variance for repeated
measures revealed significant differences tetween Groups,
F(4,35)=3.17, p& 03, and over Days, F(4,140)=170.8 p<s.01.
An independent comparison (Newman-Xeuls), indicated that
the Signal and Hold group were significantly different from
the CS-only group. In addition there was a significant
Groups ty Days interaction, F(16,140)=2.29, p<4.01. This
interaction was analyzed with independent corparisons
(Newman-Keuls) of group means at different sessions of the
testing phase. During session 1 the Signal group was not
found to differ significantly from the Hold group, neither
were the Truly Random, CS-only, or Unpalred groups found
to te significantly different from one another. However,
toth the 3ignal and the Hold group differed significantly
fror the Truly Random, C3-only, and Unpaired groups. Dur-
ing session 2 the only difference that was significant
was between the Hold and CS-only groups. No slignificant

differences were found tetween the groups for the next
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Fizure Caption
Figure 1: llean junter of Trials with at Least one Fecl during

the Autoshaping Test Sessions,
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three sesslions.

Insert Figzure 2 arout here

ean rate of peckinz durine the CS was also celculeted
for each group during the testinec sessions, As Filoure 2
shows, this reasvre did not differ ss clearly tetween the
groups. Although a two way repeated reasures analysis of
variance yielded a significant Groups effect, ?(4,35)=3.06,
p<.03; and a significant Days effect, F(4,140)=138.8, pe, 01,
- Independent camparisons (liewman-Keuls) indicated that the
only significant differences were tetween the Zold group
and the CS-only zroup; and tetween the Hold and the Truly

Random group.



Figure Caption
figure 2: Yean Humter of Fecks Durinz the CS Within Fach

Test Session,
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Discussion

That the birds in the Signal group acquired the peck-
ing response more rapidly than birds in the Truly Random,
Unpaired, and C3-only groups indicates that pigeons can
learn about relationships between environmental events while
in a nondeprived state. The absence of a difference be-
tween the Signal and Hold groups on all of the measures
might be attrituted to a "ceiling effect", That is, with
the parameters used in the test phase of this experiment
the key pecking response is amscquired quite rspidly and
maintalined at a high rate unless the subjects have been
exposed to conditlions that retard subsequent acquisition
of autoshaping,

The birds in the Truly Random, Unpailred, and CS-only
groups were exposed to precisely such condtions. While
nondeprived, subjects in the Truly Random group may have
learned that the CS and US were unrelated and this would
have interfered with acquisition of the positive relation-
ship between these events. The pilgeons in this group also
exhibited a lower asymtote for rate of recking than 4i4d
birds in the Hold group., These findings are consistent with
those of other investigators (Gemzu & Williams, 1971, 1973:
¥ackintosh, 1973) who have found that prior exposure to
random presentations of a key light and food interfered
with subsequent autoshaping tehavior, specifically resul-

ting in lower asymtotic rates of pecking. LiXewise the
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Eirds in the Unpalred grour acquired information atout the
negative relationship Ttetween the key light and grain
presentations which retarded sutsequent acquisition of the
positive stimulus-reinforcer relationship. It is unclear
as to why the pizeons in the Unpaired sroup eventually
acquired a rate of pecking equal to that of the tirds in
the Siznal and Hold groups.

The tehavior of the C3-only group could te interpreted
in terms of latent inhibition. lonreinforced preexposure
of a stirulus has bteen found on nurerous occasions to in-
terfere with subsequent conditioning to that stimulus (e.g.
Lubow, 1973; Siegal, 1972). Indeed the birds in this group
seen to suffer from a greater retardation effect with re-

- spect to the number of trials with pecks than do birds 1n
the other groups. This finding is not consistent with
that of Fackintosh (1973) who ottained results indicating
that deprived plgzeons given prior exposure to random key
light and grain presentations were retarded more then de-
prived pigeons given prior exposure to key light presen-
tations only. The results of Fackintosh were only margsin-
ally siznificant and the measure he used was rate of pecX-
ing, however for that same reasure used in thls experiment
no siznificant differences were found tetween the Truly
Randor and the C3-only zroups. The difference between the
results reported here and those of Mackintosh could ke due

to differences in procedural detaills or to the fact that the
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plgeons were nondeprived during the preexposure in this
experiment., It is clear however, that in this experiment
the birds in the Truly Haﬁdom. CS-only, and Unpalred groups
were retarded in the acquisition of autoshaped behavior
relative to the tirds in the Signal and Hold groups.

Thus differential behavior tetween the groupé during
the test phase revealed that some learning had occurred
during the nondeprived training phase, although no consis-
tent pecking was evidenced in this phsse. Since intermit-
tent visual observation salso falled to reveal sny differen-
tial approach behavior between groups, these flndings are
incompatible with an analysis of autoshaping that is based
on the accidental reinforcement of pecking. BRather these
results are consistent with the view that subjects in an-
imal experiments are capable of learning atout relation-
ships between environmental events, and this learning can

occur while the subjects are nondeprived.
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Experiment II

The results of Experiment I indicated that nondeprived
pigeons can acquire knowledge about simple relationships
btetween key light and grailn presentations. This experiment
attempted to determine if pigeons could slso learn about
more than one stimulus-reinforcer relstionship. Specific-
ally this investigetion attempted to determine if these
birds could learn to discriminate between two colors of key
lights while nondeprived. Different groups of birds were
exposed to presentations of two colors of key lights each
related in some way to grain presentations. The plgeons were
then all deprived and exposed to a Pavlovian discriminaticn
training procedure to determine if learning had occurred

during the nondeprived stage.
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Fethod

Subjects The subjects were 36 experimentally nalve ahite
Carneaux plgeons ottained from the Palretto Filzeon ractory
maintained at thelr free feeding weicghts durinz the non-
deprived training phase of the experirent, and at approx-
irately 75% of their free feeding weights during the maz-
azine training phase and the discrimiration testine phase.
Apparatus The apparstus was the same as that used in
Experirent I,
Procedure This experiment had three consecutive phases:
magazine training and free grain delivery (subjects de-
prived), a differential training phase (sutjects nonde-
prived), and a discrirination testing phase (subjects
_nondeprived).

Fhase 1: Kagazine training and free grain dellvery.
All tirds were reduced to and msintained at 75% of their
free feeding weights for this phase of the experirent,
This phase was ldentical to the ragazine treaining phese
in the first experirent,

Phase 2: Differential training rhase. All birds were
allowed to return to their free feeding weizhts tefore
this phase was begun. Throughout this phase sﬁtjects Were
allowed to feed ad 1ib in their home cages. Thirty-two
of the subjects were divided randomly into four sroups
of elght tirds each.

Three groups of tirds were exposed to presentatlons
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of the C34, the C3-, and the U3 (3.5 sec presentation of
the crain hopper). The stirull used for the C3+ and the
CS- were 6 sec illurinations of the response key with
lights of 555 nm or 532 nm. These two colors of key light
were countertalanced such that for half of the tirds in
each group 555 nm was the CS+ and 53 nrm was the CS-, for
the other tirds the reverse was the case. For the True
Discrirmination (TD) group triasls occurred according to =
VT-60 sec schedule, Whether a CS+ or a C3- was presented
on any particular trial was determined according to a quasi-
randor sequence with the restrictlons that there were an
equal nurter of CS+ and C3- presentatlions and that no more
then three C3+4 or three C3- trials could occur consecutive-
ly. Sinultaneously with the offset of the CS+ the grain
hopper was presented. The C3- had no prograrmed conse-
quences., For the Psuedo Discrimination (PD) group pre-
sentations of the CS+ and C3- occurred accordine to a VT-
60 sec schedule. Whether a CS+4 or C3- was presented on
any particular trial was determined according to s quasi-
random 8equence. Grain was presented immediately =fter
the offset of a random half of each type of CS. The
Reversal group (RV) was exposed to the same sequence of
events as was the TD group except that the color corres-
ponding to the C3+ during training would te the CS- during
testing and the color corresponding to the C53- during train-

ing would te the C3+ during testing. In addition a con-
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trol group, the Hold group, was included. This group re-
ceilved no training during this phase.

The nondeprived training phase lasted for six sessions.
Each session consisted of £0 trials. Fecks to the key
were recorded., If tirds in any of the groups pecked on
more than a total of twenty triasls and ate on more thsn
a total of 20 trials during this phase they were dropped
from the study. This criterion resulted in the loss of
1 bird from the TD group and 2 birds each from the FD and
RV groups., In reaction to this some btirds were added to
each of these groups. 3ince the numter of blrds added to
each group was tased on data collected on the first day
of the training phase unequal group sizes resulted. These
additional tirds resulted in group sizes of 9 for the TD
group, 7 for the PD group, and 7 for the RV group. The
size of the Hold group remained at &,

Phase 3: Discrirination testing phase. All of the
subjects were again reduced to and maintained at 75% of
thelr free feeding weights for this phase of the experi-
ment. At the start of the next session the grein hopper
. was presented and held until the pigeon had esten from it
for atout 3 sec. Two more presentations of grailn were
offered. This ragazine training was to insure that all
tirds would eat readlly from the hopper during the test
sessions which followed.

The discriciration test phase followed immediately.
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For sut jects in all groups, trials consisting of elther
C3+ or C3- occurred according to a VI-60 sec schedule.
Whether a CS+ or a C3- occurred was determined according
to a quasi-random sequence wWwith the restrictions that there
were an equal number of C3S+ and CS- trials and that no
more than two consecutive trials of eilther type could oc-
cur. Grain presentation was sirultaneous with the CS+ off-
set and the C3- had no prograrmred consequences. This pro-
cedure continued for seven sessions., Zach session enrnded

after 20 US presentations and key pecks were recorded.
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Results

Differentisl traininz phase (sutjects nondeprived).

With the exception of those 4 tirds excluded for exceeding
the pecking and eatinzg criterion, no consistent pecking

or eating tehavior was evidenced duvring thls phase, Yo
significant differences were found tetween the croups for
the numter of C3+ trials during which = peck occurred, the
number of CS- trisls with a peck, or the number of triesls
on which eating occurred. The average per cent of C3+
trials pecked on, C3- trials pecked on, and of trials on
which eating occurred was less than 1% for all of the
groups.

As in Zxperiment I intermittent visual observation of
the birds indicated that they did not approach or withdraw
from the key lights. The subjects in all groups agalin
tended to crouch in a corner and otserve the key light
and grain presentation,

Diserimination testing phase (subjects deprived).

Eased on the results of Experiment I it wss nséumed that
birds in all of the groups would acquire the pecking re-
sponse quite rapidly. Unfortunately this was not found

to te the case., 3Some tirds did not tegin pecking until the
fourth or fifth testing session., Since it was difficult

to interpret the results ottalned from such tirds 1t was
decided that unless a subject had pecked on at least 10

trials during session 3 of the test phase, the bird would
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te dropped from the group tefore any statistical analyses
were performed., This cirterlion resulted in the loss of
1 tird from the TD group, 2 birds fror the PD group, 2
birds from the Hold zroup, and rno tirds from the RV gzroup.

The group's sizes were then 8, 5, £, and 7 respectively.

Insert Figures 3 and 4 atout here

The mesan percentagelof trials on which pecks occurred
that were CS+ trials and the mean percentage of pecks dur-
ing trials that were to the CS+ were computed and are pre-
sented in Figures 3 and 4., Statistical analyses on these
measures failed to reveal either a significant Groups ef-
fect or a significant Groups by Days interaction. The
mean number of C3+ trials with pecks and CS- trials with
pecks are presented in Figure 5. Flaure £ shows the mean
rate of pecking during the C3S+ and C3-. All of these ren-

sures failed to yleld asany significant effects.

Insert Figures 5 and 6 atout here

The redian percentage of trials on which pecks occur-
red that were C3+4 trlals are presented in Figure 7. A

Krusxall-Wallace nonpararcetric analysis of variance fail-



Figure Captilon
Flgure 3: lhean Per Cent of Trials with recks During C5+

Trigsls 4Within Each Test Session,
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Figure Caption
Figure 4: MNean Percentage of Pecks During Trials to the

CS+ Aithin Zach Test Session.,
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Figure Caption

Figure 5: ¥ean Trials with Pecks within each Test Session
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Figure Caption
Figure £&: Rate of Pecking to the TS+ and the C3- During

each Session of the Testing Fhase.,
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ed to yleld significant differences between the groups

for any of the sessions.

Insert Figure 7 about here

The median percent of pecks during triesls to the CS+
are presented in Figure 8. No significant differences
were found for this measure. The median rate of pecking
to the CS+ and CS- were also computed and appear in Fig-
ure 9, The TD group appears visually quite different from
the RV group on the median rate of pecking to the CS+.
However the only significant difference found between these

two groups was for session 3 (Mann-Whitney U test),

Insert Figures 8 and 9 about here

Since significant differences were difficult to ob-
tain on the messures mentioned sbove the median trial of
the first CS+ peck and the first CS- peck were analyzed in
the hope that these would be more sensitive measure.

These data are presented in Table 2. No group was found
to peck significantly sooner on one type of CS than on the
other, and no significant differences were found between

groups for either the median trial of the first CS+ peck
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Figure Caption
Figure 7: lMedian Fer Cent of Trials with Fecks that were

C3+ Trials During each 3Session of the Testing Fhase,



L7

SNOISS3S "ONILS3L
L 9 S %
] 1 1 1
dNOdS Ad  — -,
dnO¥o a1l e———e
dNOo¥9 ad - O
dNoY¥9 A10H O-———-0

SAVIYL SO 343M 1VHL1 SMO3d
H1IIM SIVIdl JO 1IN3D d33d NVIA3INW



Figure Caption
Figure E€: ¥edian Fer Cent of Fecks During Trisls to the

C3+ during each Session of the Testing Fhase.
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Figure Caption
Higure 9: Medlan liumbter of Fecks Fer IMinute to the sey

Light during each Session of the Testing frhase.
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or the median trial of the first CS- peck. In fact, the
TD group birds pecked to the CS- on an earlier trial than
to the CS+. If the pigeons had mastered the discrimination
during the training phase, the differences for this group

should have been in the opposite direction,

Insert Tables 2 and 3 about here

One final measure was analyzed. The data for the
median number of CS+ trials with pecks out of the first 20
trials with pecks appear in Table 3. No significant dif-

ferences were found tetween groups for this measure.
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Tatle Caption
Table 2: ¥edien Trial of the First Feck to the CS+ and the

C3- for each Group.



Table 2
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Median Trial of First Peck

Group CS+ CS-
TD 27 24.5
RV 24 21
PD 12 22

Hold 20.5 21,5



Tatle Caption
Table 3: Fedian lurter of CS+ Trisls with Fecks ovt of the

First 20 Trisls with Pecks for esch Sroup.



Table 3

Median Number of CS+ Trials with Pecks
Qut of the First 20 Trials with Pecks

Median Number of
Group CS+ Trizls with Pecks

TD 11.5
RV 11.86
PD 11.6

Hold 14
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Discussion

This experiment unfortunately failed to yleld any evi-
dence that would indicate that the birds had learned about
the relationships between the different key light colors
and grain presentations during the nondeprived phase, Some
differential tehavior between the groups should have occur-
red during the testing phase if the pigeons had learned
while nondeprived. Although the RV group seemed to peck
at a lower rate to the CS+ than did the TD or Hold groups
these differences were only marginally significant and short
lived at best. At any rate, the size of the effects ob-
tained in this experiment did not approach the magnitude
of those in Experiment I. Either the birds did not learn
during the nondeprived phase, the large amount of varia;
bility in the data masked any differences that would have
appeared, or the birds learned a general stimulus-reinforcer
relationship but did not learn to differentiaste between
the two key light colors.

The results of the first experiment indicated thst when
this type of procedure 1s used, the differences between the
treatment groups occur only during the early sessions of
the test phase. Unfortunately the data points for these
early sessions in this experiment were so unreliable, due
to the number of birds that were not pecking at all, that
they precluded the application of statistical analyses.

Even if the differences did persist into the later sessions
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of the test phase, the srall and unequal numter of subjects
in each group would have provided little statistical power
to detect ther. For these reasons it is possible that pi-
geons can learn a discrimination while nondeprived, a2lthouzh
thls procedure may not te sultatle to deterrine if this

i1s in fact the case,

Cne possitle way to have controlled for the srall and
unequal sarple sizes would have teen to expose all of the
tirds to a standard autoshaping procedure, using a white
key 1light as the C3, untill pecking was well established.
The pigeons would then have teen allowed to regain thelr
free feeding welghts btefore exposing them to the Pavlov-
lan discrirination procedure. This would protatly have
insured that all of the tirds would peck during the early
trials of the testing phase; however, pilot data had in-
dicted that if the birds had previously learned to peck
the key, they would continue to do so even if nondeprived,
The number of pigeons that pecked durineg the training phase
of this experirent was a protler as it was, so this exper-
imental ranipulation was not performed.

Thus since there was no differentinl tehavior between
the groups during testing, this experiment failed to der-
onstrate that the pigeons had learned to discriminaste te-

tween the two key light colors while nondeprived,



59
General Discussion
These two experiments seem to lend themselves to dif-
ferent conclusions., Experiment I clearly indicated that
the plgeons had learned about the relationships between
key light and grain presentations while nondeprived. Ex-
periment II, however, falled to demonstrate that the rnon-
deprived birds learned to discriminate between the two key
light colors. There were other differences between the
behavior of the birds in these two experiments as well.
During the nondeprived training phase of Experiment I only
one bird displayed any tendency to peck the key; however,
this bird did not eat from the grain hopper while nonde-
prived and pecked only during one session. In Experiment
II, on the other hand, four birds exceeded a pecking and
eating criterion and had to be dropped from the study.
There were some procedural differences between Exper-
iment I and Experiment II that might be invoked to account
for the differences in the birds' behavior. The pigeons
in Experiment I were mixed treed barn pigeons while the
birds in the second experiment were Falmetto while car-
neauxs. The length of the nondeprived training session was
greater in Experiment II (approximately 80 minutes) than
in Experiment I (approximately 50 minutes) as well. Either
of these differences might account for the different results
that were obtained.

The discrepency between the results of the test phases
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of these two experiments can te dealt with by an anslysis
that does not appeal to differences in procedural detalls
however. The results of Experiment I showed that pigeons
could learn about a predictive relationshlp between a key
light and the presentation of food while nondeprived. The
results of Experiment II are not necessarily inconsistent
with these findings, that is, the pigeons may have learned
a general stimulus-reinforcer relationship but may not have
discriminated tetween two colors of key lights while non-
deprived. It is quite possible that since there was little
if any differential reward to the plgeons for discrimin-
ating between the two key light colors, and since the two
key colors that were used were highly similar (555 nm vs
538 nm) there was probably a large amount of generaliza-
Fion between the two key light colors during the nondeprived
training phase.

For example, the TD birds might have learned that key
light color 1 predicted food, and that key light color 2
predicted no foecd. Since, however, the positive relation-
ship between key light color 1 and food might have gener-
alized almost completely to key light color 2; and the
negative relationship between key light color 2 and food
might have generalized almost completely to key light color
1, the "knowledge" that the pigeons acquired from the train-
ing phase might have teen only that key light i1lluminstions

are followed approximately 50% of the time by grain presen-
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tations, If this were the case, then the birds in all of
the groups would have learned functionally the same 50%
predictive relationship between key light illuminations
and grain presentations., Unfortunately no group was run
that was exposed to only one key light color followed by
food 50% of the time to compare these birds to,.

wWwhen the birds were again deprived and exposed to a
Pavlovian discrimination procedure, discriminating between
the two key light colors was differentially reinforced,
(Beavers, 1975, for example has presented evidence sugges-
ting that deprived pigeons prefer to peck in the presence of
a key light color that predicts subsequent grain presentations
and not to peck in the presence of a key light color that
predicts the absence of grain. Therefore the birds would be
reinforced in the testing phase for discriminating between the
two key colors.) Since the birds in all of the groups that
were given nondeprived training had learned approximately the
same predictlve relationship during this training due to the
large amount of generalization between the key light colors,
they behaved quite similarly while in the testing phase. The
results of Experiment I also suggest that pigeons in the
experimental groups would behave differently from birds in
the Hold group only if they had been exposed to conditions
that retard subsequent acquisition of autoshaping. Per-
kins, Beavers, Hancock, Hemmendinger, Hemmendinger, and

Ricci (1975) have demonstrated that if as few as 5% of key
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light trials are followed bty food, substantlial pecking oc-
curs in deprived pigeons. Therefore it is unlikely that
prior exposure to presentations of a key followed by grain
50% of the time would retard subsequent acquisition of
autoshaping and there is no reason to expect the birds in
the TD, RV, and PD groups to btehave differently than the
birds in the Hold group of Experiment II.

One possible way to access the accuracy of the account
offered here to explain the differences between the two
experiments might be to run the second experiment again,
but to use more dissimilar key light colors. This would
decrease the amount of generalization between the two
colors during the nondeprived training. This experiment
was not run, however, because it was felt that two more
dissimlilar stimuli, although decreasing the generalization
during training, would be so easily discriminated during
testing as to allow no room for any differences in learn-
ing between the groups to appear. That is the discrimin-
ation would be mastered so quickly by birds in all of the
groups that any differences would probebly te masked,

The primary aim of this investigation was to show that
nondeprived pigeons could leern about relationships between
events in the environment. Experiment I clearly indicated
that this was the case, nondeprived pigeons could acquire
knowledge abtout stimulus-reinforcer relationships. The

second experiment produced results that, although not in-



63
consistent with the results of the first experiment, did
not demonstrate that nondeprived birds could master a dis-
crimination between two key light colors. An analysis
based on generalization between the two key light colors
during nondeprived training has been advanced to encom-
pass the results of toth of these experiments., It is un-
fortunate but not surprising that the magnitude of the
effects ottained in these experiments 1s not overwhelming.
Any differences tetween the groups of birds when they en-
ter the deprived testing phase disappears rapidly since
autoshaping behavior is highly “prepared". The inference
to be drawn from this investigation (particularly from
Experiment I) is that deprivation is not a necessary con-
dition for the acquisition of knowledge sabout relationships
between events in the environment,

Assuming that the analysis offered here is correct,
these findings are consistent with the view that learning
about stimulus-reinforcer relationships is an adaptive form
of learning., These results, particularly those of the
first experiment, tend to confirm the findings of other
investigators (Browne, 1976; Parisi & Matthew, 1975) that
pilgeons can learn about the relationships among events in
the environment although no primary reinforcement is de-
livered and no consistent responding occurs during train-
ing. The findings of Experiment I alsoc tend to support
Hearst's (1975) view that the acquisition of stimulus-
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reinforcer relationships precede and direct tehavior toward
the most reliable predictor of a US.

These findings are also important in view of the cri-
ticisms such as Moran's (1975) that the behavioral laws
derived from the use of severely foocd deprived subjects may
not generalize to the behavior of nondeprived subjects.
Although it was necessary to deprive the plgeons to obtain
behavioral evidence that learning had occurred during the
training phase, this does not detract from the fact that
~the birds did learn while nondeprived. Results such as
these indicate that what is studied in laboratory experiments
may be relevant to behavioral processes occurring in the
natural environments of the animals used as subjects te-
cause Experiment I clearly demonstrated that food depriva-
tion 1s not a necessary condition for the acquisition of
knowledge about the relationships between environmental
events such as a key light and grain presentation. It would
thus appear that aé Hearst and Jenkins (1974) have proposed,
slgn tracking is a very general class of behavior occurring
in a wilde range of behavioral situations.,

Moreover the results of this investigation add pigeons
to the group of animals such as rats (Thistletwaite, 1951)
and chimpanzees (Yerkes, 1948) that have been shown to be
capable of learning by observing while nondeprived, Ex-
periment I clearly indicated that the birds had acquired

some information about the relationship between the key
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light and grain presentations during the nondeprived trsin-
ing phase. These results are further evidence to be added
to that presented elsewhere (Hearst, 1975; 1977) which
indicate that learning can occur in the absence of primary
reinforcement and observable behavioral change. The pro-
cedure used here and that of Browne (1976) will prove quite

useful in assessing this type of learning.
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Two experiments were conducted in order to determine
if plgeons can learn atout relationships tetween environ-
rental events whlle nondeprived. The first experiment at-
tempted to determine if nondeprived pigeons can learn atout
simple contingencies tetween key liecht and grain presenta-
tions. Different groups of birds were exposed to positive,
zero, or negative correlations tetween presentations of »
key light and grain. Two control groups were 21so included,
a C3-only group which received only presentations of the
key light, and a Hold group which received no preexposure
to the key light or graln while nondeprived. No consistent
pecking or eating tehavior was otserved during the nonde-
prived training phase in any of the groups. When deprived
- and exposed to standard autoshaping procedures, btirds in
the Positive and Hold groups pecked sooner and on a greater
nunter of trials than tirds in the other groups. These
results indicated that nondeprived pigzeons dd learn atout
simple relationships tetween key light and grain presenta-
tions.

The second experirent attempted to determine if pieeons
could learn to discriminate tetween two colors of key lights
while nondeprived. Different groups of tirds were exposed
to presentations of two key light colors, each related in
some Wway to grain presentatlions. For the TD group the key
light colors were related to grain presentations in the

sare relationships during both this training phase and in



the sutsequent testing phase. That is one key light color
was always followed ty grain and the other key light color
was never followed bty graln. For the 3V group the relation-
ships were reversed, The key light color that was never
followed ty grain during the training phase was always fol-
lowed ty graln during the testing phese, and the key light
color that was always followed by grain during the trainine
phase was never followed bty grain durinz the testine phese.
The PD group recelved grain presentations following s randon
half of the presentations of each key light color., In ad-
dition a Hold group, which received no preexposure to the
two key light colors, was included. Following this train-
ing phase tirds in all of the groups were deprived and ex-
posed to a Pavlovian discrirination training procedure
during the testing phase. The tehavior of the four groups
of tirds was not found to te significantly different during
the testing phase.,

The first experirent clearly indicated that the pizeons
had learned atout the relationships between key light and
graln rresentatlions while nondeprived. The second experi-
ment produced results that, although not inconsistent with
the results of the first experirent, falled to deronstrate
that nondeprived plgeons could master a discrimination te-
tween two key light colors. An analysis tased on general-
lzation was advanced to encompass the results of both of
these experiments. The conclusion inferred from these

expericents was that deprivation is not a necessary condi-



tion for the acquisition of knowledge atout relationships
between events in the environment. 7That is pigeons do
learn atout stinulus-reinforcer contingencies while in =

nondeprived state.



