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ABSTRACT |
7 /
Three experiments were canducted tb test the hypothesis that

s the temporal similarity of the stimulus and reinforcer would

facilitate autoshaping in the pigeon. In the first gxperiment.
a two-key autoshaping procedure was used. Each of the four
stimili used in the experiment was followed by reinforcement

on an equal pf@p@rtian of presentations. The frequency of
presentation of each stimulus was different such that only one
stimulus had the same total presentation time as the reinforcer.
Four groups were used, each differing from the.@the‘iin the
frequency of feiﬁfai:eméﬁt and/or the duration of the individual
stimilus. The h&pﬁthesis that a preference would be shown for
the stimulus with the same total presentation time as the rein-
faréer was not supported in any of the four groups. In the
second experiment, the pigeons were initially exposed to a dis-
crimination t?ai;ing procedure to facilitate attending to the

atimull. Three new stimuli were used. One was always associated

this training, the pigeons were exposed to the autoshaping
procedure used in Bxperiment I. The results of Experiment 2
were similar to those in Eiﬁeriment 1, ggggesting that the
increased attending to the stimull did hct effect the pattern
of responding to each of the stimuli. ' The high rates of responding
to the stimuli in the first two experiments may have masked any

»
vi



preference in responding to the stimulus Hﬁiéh occurred with

the same total presentation time as the wreinforcer. In the
third experimen:, an extinction procedure was used to retest

the initial hypothesis. While the rate of responding decreased,
no preference was found for the stimulus which occurred for

the same total presentation time as the reinforcer. The results
of the three experiments were discussed in relation to the

interpretation of autoshaping as a Pavlovian paradim.

/S g vii
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* INTRCIUCTICN

In 1968, Brown apd Jenkins published the first study of auto-
shaping, a procedure for training pigeons to peck illuminated responss
key;. Prior to their study, methods of training pigeons to key peck -
relied on providing reinforcement contingent upon the response of the
pigeon. The most common procedure used was the method of successive

~eoproximations. In this procedure, the experimenter observed the

pigeon's behavior in the exp rimental chamber and reinforced movements

successively closer to the kpylight until the pigeon was reinforced

only for pecking the kay{ Brown and Jenkins' procedure eliminated the
need for direct observation of the pigeon and demonatrated that the
explicit contingency between the pigeon's response and reinforcement
was not a necessary condition for the acquisition or maintenance of the
keyﬁeck response, In one of their experiments, twelve experimentally
naive pigeons were first given tem magazine training trials in which
the birds were trained to approach and eat from a lighted grain hopper.
Each pigeon then received two gessions of 80 pairings of an eight-second
keylight immediately followed by a four-second presentation of grain.
The responses of the pigeons had no programmed consequences during
these sessions. BErown and Jenkins' results showed that eleven of the
twelve subjects pecked the keylight at least once and that ten of
these maintained responding beyond the first keypeck. This procedure

to condition the pigeon's keypeck is termed autoshaping.



' v
Brown and Jenkina' work led to a proliferation of research due

to the questions it raised about thé traditional bounderies between

operant and classical (?;vl;vian) conditioning. Traditionally, tne

pigeon's keypeck had been cohsidered an operant, responsive only to 1

response-reinforcer {(R-S) contingencies. Brown and Jenkins' ress

however, indicated that stimulus-reinforcer (5-S) contingencies
.play a major role in copditioning the keypeck ‘response. Thusi”;n
analysis of a n;ivgrpigegn's learning in the autoshaping procedure
could contain both operant and Pavlovian components. In the autoshaping
procedure, a food deprived pigeon is first trained to eat from the
grain magazine. The bird is trained to approach and eat from the
grain hopper whenever the hopper mechanism cperates and the hopper is
il1luminated. - This is an operant conditioning procedure in which the
sound of the hopper operation and the illumination of the hopper light
serve as discriminative stimull (SDs) for the responses (Rs) of ap-
proaching and eating grain, the reinforcer (SR*). Once the pigeon is
magazine trained, the keylight is paired with hopper presentations.
This procedure fits the Favlovian model where the conditioned stimulus
(cs), the keylight, is paired with the unconditioned stimulus (US),
grain. The US elicits the unconditioned response (UR), pecking, and
after several pairings with the US, the CS begins to elicit pecking,
the conditioned response (CR). Though this analysis appears to
explain autoshaping, it is overly simplified and does not include
other mechanisms which have been shown in subsequent research to play -
a faie in tné acquisition and maintenance of the autoshaped keypeck
raesponse. i
One alternative explanation of the maintenance of the autoshaped

keypeck is that the responding is maintained by adventitious reinforce-

by



ment. As the keypeck response is closely followed by reinforcememt,
a lcaéa R-3 contingency exists ;hizh strengthens the response. Williams
and %illigms (1?59} produced gvidenca which di;gutad1£his interpreta-
tion. In 253%: first experiment, thirteen naive pigeons were initially
magazine trained. Subsequently one bird was trained to keypeck using
the method of successive approximatiohs. Two other subjects were auto-
shaped with a positive response contingency yhere a keypeck terminated
the keylight and operated the grain hopper. These three subjects were
then trained on a FR1 timeout procedure. In this procedure, the key
was illuminated for six seconds unless a keypeck occurred. A keypeck
terminated the keylight and operated the grain hopper as in some ;utas:
shaping procedures. The procedure differed from autoshaping procedures
in that if no response occurred during the six-second keylight, no
grain presentation occurred. After this training for these three birds
and after the magagzine training for the fa:;i;;ng tan, the subjectis
were placed in an autoshaping procedure with a negative response
, contingency. Six-second presentations of the keylight were followed
by four-second grain ﬁrgsggtgticns if né response occurred to the
keylight. A keypeck resulted in the termingion of the keylight and
prevented reinforcement. All but one of the subjects developed respond-
ing under this procedure and consistently responded on more than 10%
of the trials. As reinforcement could not follow keypécks in this
procedurs ! Willianms and Williams concluded that the stimilus-reinforcer
é;&sa&:i,&tims between the keylight ;nd grain maintained responding in
their procedure. This procedure h;é been refaerred to as automaintenance
or @miésian tralning.

Pursh, Navarik, and Fantino (1974) studied a response-reinforcer

relationship which exists in the automaintenance paradigm. On trials



where no response occurs, the termination of the keylight is piﬁrgd .
with reinforcement, making keylight termination a secondary relnforcer.
On trials where a keypeck occurs, the response results in keylight
termifiation, which, as a reinforcer, increases the prabgb;;ity of the

reoccurrance of the response. Hursh, et. al. reasoned that by inposing

the keylight termination-reinforcement contingency, responding could be
reduced or eliminated in the automaintenance procedure. In their first
a:pefiQEﬁ%i four pigeons with varied histories of keypecking were |
axposed to an autamjmtenmce procedure in uhic:h slx-second kayli@t
presentations were followed by four-second presentations of grain \,u;lesg
a keypeck occurred. A keypeck terminated the keylight and prevented
reinforcement. The two subjects that maintained responding under this
procedure were then placed in a modified altomaintenance procedure in
which kgylighi,terminatian was delayed for two seconds after a response.
This procedure was la.b-eled a trial-offset-delay (TOD) procedure. Dn
the standard automaintenance procedure, thasa birds responded on betqun
80 and 100 percent of the trials. After the introduction of the TOD,
tﬁg birds responded on less than 20 percent of the trials. The two
birds that failed to respond on the original automaintenance procedure
were exposed to a continuous reinforcement (CRF) schedule where every ‘
keypeck was followed by reinforcement and to a trial CRF pracgdure
aimilar to Williams and Williams' FR1 timeout procedure in an effort

to genei*ate responding on the a.utc:minterx@ca prac:sdure Both birds
failed to respond on the automaintenance procedure after exposure to
these procedures. In Experiment II, an additional pfaeedure was
introduced. The stimulus-overlap (50) procedure was similar to the

automaintenance procedure except the keylight remained on during the
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grain presentations. This procedure eliminated the keylight offaet-
feinfc:::ter contingency. Six naive and two experianced pigeons served
as sgbsscts. The six naive subjects were first magazine trained.
Three of these pigeons were then placed in a standard autoshaping
procedure and the remaining five subjects were exposed to the auto-
maintenance procedure. After responding stadbilized for the subjects
in the autoshaping procedure, they were also placed in the automain-
t;\ﬂggcg procedure. The subjects which acquired autamﬁtengnce ;were
subsequently exposed to the TOD and/or SO procedures. Of the three
subjects that acquired automaintenance, one stopped responding whem
placed in the SO procedure and failed to reacquire responding whem
re-exposed to the original ;utémaintgn;ﬁce procedure. Another subject
ceased fgspaﬁding when placed in a TOD five-second procedure and the
third fespcnda? on approximately half the trials under all procedures.
Hursh, at_giiggcancluded that the responding in an automaintenance
procedure was difficult to generate and that the reaponding was probably
maintained by the response-reinforcer contingency between keypecks and
keylight termination.

Myerson, Myerson, and Parker (1979) studied autoshaping without
the possibility of adventitious fainfcrea;ent or the kayp@ck—kgﬁlight
offset contingency. In their experiment, six nalive pigeons were first
given one session of magazine training. The subjects were then paired
into three groups of two birds. Within each pair, the "leader"” was
exposed to a modified autoshaping procedure in which a seven-second
keylight was followed by a 3.5~second presentation of grain if no
keypeck occurred. If a keypeck occurred during the seven-second stimulus,
the trial timer was restarted. Thus, the keylight would terminate and

grain would be presented only when no response to the keylight occurred



for seven seconds o/ In this procedure, the keylight-grain association
was present on ev;ry trial, but reinforcement never occurred within
seven seconds of a response. Previously identified response-reinforcer
contingencies were eliminated while the stimulus-reinforcer contingency
remained. The "“follower" bird in each pair was yoked to the leader
bird. Each follower received the sane keylight stimuli and reinforce~
ments as its rasgggtive leader, but responses by the followar had no

scheduled consequences. Two pair of the birds received 40 sessions

. .

of 30 trials on this procedure, fclla;ad Ey 4o sgssians.uith the leader-
follower roles reversed, and 20 additional sessions in thelr original
rolls. The third pair of birds received 56 sessions of training in the
original procedure only. All six subjects acquired keypecking within
two sessions and maintained responding throughout the experiment -
Myerson, et. al. concluded that autoshaped responding could be main-
tained without an aQVEﬂtitiaus'raépgnsa-rainfarcér cqntinggney or a
response-keylight te:miéaticﬂ cgntingghéyi While these results appear
to conflict with those of Hursh, et. al., there is a similarity. In
their first experiment, Hursh, et. al. reported that after the intro-
duction of the TOD, their subjects responded on less than 20% of the
trials. In the present study, three of the five birds in the leader
roles responded on less than 29% of the trials. While both studies
showed a low rate of responding, both showed response maintenance without
any identifiable R-5 contingencies. jIn taking the results of both
studies together, it appears that nelther an adventitious response-
reinforcer contingency or a keypeck-keylight termination sontingency -
is necessary for the maintenance of the autoshaped keypetk. However,

it also appears that such R-S contingencies have a major effect on the

strength of the autoshaped response.



Studies of autoshaping have also looked at the keypeck itself in
an effort to clarify the learning process involved. Jenkins and Moore
(1973) conducted a series of experiments on the form of the autoshaped
keypeck. In a ?av1§viaq interpretation of autoshaping, the CS comes
to elicit the same response as the US. Therefore, it would be expected
that the keypeck should resemble the response to the relnforcer.
Jenkins and Moore's first experiment evaluated the form of the keypeck
with either food or water reinforcement. Twelve nalve pigeons were
used, six were water demrivwed and six were food déprivedi Each bird
was magazine trai;ed and then given two sessions of autoshaping with
eight-second stimuli followed by four-second presentations of the
reinforcer appropriate to the bird's deprivational state. The auto-
shaping trials were filmed and evaluated by student judges for the form
of the key contact. The judges correctly identified 87% of the key
contacts as occurring during either food éggzgizgfsessians! While
‘thgse results appear to indicate that the form of the keypeck resembles
the response made to the reinforcer, the keypecks may have been iné‘
fluenced by the type of deprivation instead of the reinforcer received.
In Experiment 2, this was studied with two naive pigeons under food
deprivation and two pigeons under water deprivation. Each bird was
nagazine trained and then autoshaped with the reinforcer appfopriate

~to the bird's deprivational state to a criterion of 20 trials with a
response within a sessicn.@f 30 trials. Following this, the type of
deprivation was switched for each bird and ten trials of extinction
were glven. Extinction trials consisted of eight-second presentations
of the keylight without any reinforcer presentations. Following this,

the hungry birds were allowed to eat from the food hopper on 30



présgﬂt;tiags and the thirsty bi:ds were allowed to drink from the
water hopper on 30 ppesentations. This was followed by 10 additional
éxiinztian trials. GEvery fifth +rial of the session in which the
autoshaping criterion was met was filmed, as were all extinction trials.
The results showed that responses to the key generally resembled those
from the autoshaping session, even after the dap:ivgtiénal state had
been switched and the birds had consummed a different reinforcer in
the experimental ehambefg ‘éﬁt as the dominant deprivational state
appropriate to the reinforcer may have been necessary for the initial
appearance of the reinforcer-related response form, a third experiment
" was conducted. In this experiment, four pigeons were both food and water
deprived. They were then magazine trained with both the food and water
delivery devices. Two birds were autoshaped with grain reinforcers
until a criterion of 20 trialsﬁyith a response in a session of 30 trials
was met. Ten trials of extinction were given in the subsequent session.
In the following sesslon, autoshaping was resumed with water as the
reinforcer. A third bird receivad the é;me treatment except it was first
autoshaped with water and subsequently with food. The fourth pigeon was
" discarded from the study after it fgilad to autoshape with water
reinforcers. The results showed that in the initial autoshaping and
subsequent extinction, the keypeck resembled the response to the
‘reinforcer. In subsequent autoshaping, .the form of the keypeck gradually
acquired the characteristics of the response to the newv feiﬂgércer_
Jenkins and Moore identified ‘two more possible explanations beyond
the Pavlovian interpretation for t;: results found in the first three

experiments. The first was that response generalization occurred from

the lighted reinforcement device to the lighted key. The gecond was

that the repeated activation of a’ of consummatory response
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influenced the response to the lighted key. In Experiments 4 and 5,

these possibilities were tested. In Experiment 4, a single pigeon,
deprived of both food and water was first trained to eat and drink

from the reinforcement devices. The bird was then autoshaped in a
two-key procedure, where the left key was illumifiated before the pre-
sentation of water and the right key was illuminated bvefore grain
presentation. Nine sessions of 30 food and 30 water trials, randomly
intermixéd. were presented. Every fifth water and every fifth food

trial during the final three seséions was taped and evaluated. The
results showed that on food trials, the predominate rating ;as an eating
response and that on water.triais, the judges predominately rated the
keypeck as a drinking response. In Experiment 5, a procedure similar

to Experiment 4 was used, but the force of the resﬁSESe was also measured.
The results supported those previously found. Responses on food-reinforced
trials were found to consistently be of higher force than responses dn v
water-reinforced trials. Most of the food-reinforcer pecks were from

50 to 200 g force while most of the water reinforced pecks occurred

with less than 50 g force. Jenkins and Moare's results support a
Pavlovian account in which the CS comes to elicit the response elicited
by the US. However, their results do not explicitly deny the role of

R-S contingencies in autoshaping.

Swartz (1977, Experiment I) studied the dquration of keypecks in
autoshaping aﬁd automaintenance. Twenty-four naive pigeons were magazine
trained and hand shaped to peck the i{lluminated response key. Each
pigeon was then exposed to a CRF procedure in which a keypeck terminated
the keylight and operated the grain hopper for four gseconds. The
keylight remained j1luminated except during reinforcement throughout

these sessions. Twenty-four sessions of 50 reinforcements were glven

.
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to each bird. The birds were then divided into two groups of twelve.
One group was exposed to an autoshaping procedure in which six-second
keylight stimuli were followed by four-second grain presentations.
Responses had no scheduled consequences. The second group was exposed
to an automalntenance procedure in which a keypeck during the trial
prevented reinforcement at the end of the trial. After 14 sessions of

50 trials on these procedures, the groups were reversed for an additional
14 sessions. The results showed that early in CRF training, the median
duration of the responses was less than 20 milliseconds for 22 of the

24 pigeons. For 14 of the pigeons, the median duration of the keypecks
was greater than 30 milliseconds by the end of CRF training. The median
duration increased by at least 10 milllseconds by the end of CRF training
for 20 of the pigeons. On the autoshaping ﬁrccgdurg. the median duration
was greater than 30 milliseconds for 18 of the pigeons. Cn the auto-
maintenance pracgdur;. the median duration was leass than 20 milliseconds
for 19 of the pigeons. These results were independent of the order of
training. When returned to the CRF procedure, the median duration was
greater than 30 milliseconds for 16 pigeens and was at least 10 milli-
seconds longer than pecks on the automalintenance procedure for 20 pigeons.
The results indicate that on the automaintenance Irocedure, keypecks

are reliably shorter in duration than on procedures which have positive
R-S contingencies. :

In their original study, Brown and Jenkins (1968) observed pigeons'
behaviors during autoshaping. They reported that across trials, an
increase in‘!gtivity occurred during the keylight. This activity v
gradually became concentrated around the response key, and finally,

pecking movements at the key occurred. In the autoshaping and auto-
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maintenance procedures, behaviors aécurfiﬂg during the keylight would
be adventitiously reinforced by the subsequent grain or water presen-
tatfén, This reinforcement of prepecking behaviors could facilitate
the emergence of the keypeck. Thus, while the emergence of the key-
peck EEY~SPP33I to be controlled by S-S contingencies, R-S contingencies
Wessells (1974) studied the effecte of reinforcement on the prggaekingl
behaviors of pigeons in autoshaping. In his first experiment, Wessells
systematically observed the emergence of keypecking to determine if
prepecking behaviors increased in frequency prior to the amergénce
of the keypeck. An ihcr%i??é frequency of prepecking behaviors would
support the theory of advggtitiaus reinforcement of prepecking behaviors.
Three naive pigeons were first given one sessian of magazine training.
Each bird was then exposed to one session of autoshaping in which
six-second keylights were followed by four-second grain presentations
regardless of the bird's behavior. The autoshaping session was video-
taped and three categories of key-directed behaviors were scored:

1) orientation to the key, 2) approach toward the key, and 3) pecks at
the key. The results showed that orientation and approach responses

steadily increased in frequency before the initial keypeck for all three
LA ey .

birds. From this result it would gpgéi:ffﬁgﬁ adventitious reinforcement
of prepecking behaviors does occur and that sﬁéﬁ reinforcement may have |
an effect on subsequent keypecking. In Experiment II, Wessells mgni—‘
pulated the reinforcement contingency for approach behavior to assess

its effect on the autoshaped keypeek. Two pigeons were initially
magazine trained and pléced in an autoshaping procedure similar to the
one employed in Experiment I. After each bird completed three consecu-

tive sessions with a response on 90% of the trials, a negative contingency
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for approaching the key was introduced. In this frocedure, approach

to the keylight, defined as the slightest detectable movement toward

the key, terminated the keylignt and prevented reinforcement. ' Unl}ke

the results of studies with a negative contingency for keypecks, ?assglls
found that the negative gantn}g_@cy for approach toward the kgyf,dlgnt was
affective in eliminating tnéf;pgrcggn behavior. Orientation toward the
key remained high throughout the experiment, indicating that the subjects
were attending to the keylight. These results appear 1o indicate that
the reinforcement of prepecking behaviors is necessary for the develop-
ment of autoshaped keypecking.

A replication of Wessell's results was attempted by Peden, Browne,
and Hearst (1977). In their first experiment, eleven naive pigeons were
first given 40 magazine training trials and then placed in either an
m@@@hgxaﬂ@Bﬂ@d@ﬁﬁﬁgh¢$£@L In the autoshaping
procedure, elght-second keylights were followed by five-second grain
presentations regardless of the pigeon's benhavior. In the omission-for-
approach procédure, approaches tbéward the keylight, as measured by
microswitches under the floor of the experimental chamber, terminated
the keylight and prevented reinforcement. One group received 4O sespions
, of 50 trials of émigsién—faf—gppfaa;h training followed by 25 sa;s;é:s
of 50 autoshaping trials. The second group received 25 sessiag§ of
autoshaping followed by 4O seasions of omission-for-approach training.
The results showed that, unlike Wessell's birds, both groups lost Lok
of the possible reinforcers in the omission-for-approach procedure.

Prior training anrthe autoshaping procedure did not affect omission-for-
* approach performance, but experience with omission-for-approach seemed

to interfere with subsequent performance on the autoshaping procedure.
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In Experiment II, the effect of a near or far stimilus was ;sagsaéd
factorially with a keylight or hopperlight stimulus within omission-for-
approach training. Their results showed a significant effect of the
distance of the stimulus from the reinforcement. The omiassion-for-
arrroach procedure was more effective in reducing aprroach behavior with
stimuli that were distant from the grain hopper than with stimuli near
the grain hopper. lio significant effect was found for the type of
stimulus nor was there an interaction between thé type of stimulus and
distance of the stimulus from the grain hopper. kIn Experiment III,
Wessells' procedure was replicated to determine if the differagges in
results were due to the use of an automated device to determine);ppra;sh
instead of the experimenter-judged approach used by Weassells. Ten
pigeons and two experimenters were used. All thé& pige@ﬁs were initially
magazine trained. Two pigeons were autoashaped to Wessells' criterion of ‘sk
three consecutive sessions in which a peck occurred on 90% of the trials.
An additional two birds received only ten autoshaping sessions. These
four birds plus two which only received magazine training were then
glven 15 sessions of experimenter-judged omission-for-approach iraining
followed by ten sessions of exposure to the automatic omission-for=-
approach procedure. The remaining four subjects received eight auto-
shaping sessions followed by 15 sessions of experimenter-judged omission=
for-approach training. The results showed that in Wessells' procedure,
the mean percentage of trials with an approach was 78: with the lowest
percentage for one bird being 39%. Peden, et. al. suggest that the
differences between their results and those of Weasells' may have been
due to Wessells having inadvertantly established a competing stimulus-

reinforcer or response-reinforcer correlation rather than simple

- A



omission-for-approach. A fourth experiment was conducted to detarmine

if the decreased responding in the omission-for-approach procedure was
due to the decreased number of k;ylightsreinfafcer pairings a% to the
negative response-reinforcer contingency. Twelve ﬂéive plgeons were
given three sessions of magazine training. Four pigeons received
automated omission-for-approach training., In this omission-for-approach
procedure, an approach toward the keylight did not terminate the keylight
prematurely, but it did prevent reinforcement. For each of the birds

in this procedure there were twa yoked partners. The yoked birds received

the yoked birds had no scheduled consequences. Seven of the eight yoked

birds showed higher approach rates than the master birds. This result

approach behavior of, pigeons. Due to the overall strength of the approach
responses in all their experiments, Peden et. al. concluded that the
stimulus-reinforcer relation was mqre important than the response-reinforcer
relation in maintaining the appraazh response in their test situations.
While the research reviewed thus fa:ih;s indicated the necessity .
of the S-§ relation in autoshaping, Hitzing and Safar (1970, Experiment I)
demonstrated that keypecking could be engendered without any stimulus-
reinforcer pairings. In their procedure, twelve naive pigeons were first
given two sessions of 40 kgylightéonly rresentations. Their results
showed that none of the birds pecked the keylight during the first two
seasions. When exposed to the keylights following magazine training,
nine of the twelve birds fedked the keylight within the first 16 trials
and one bird pecked the key on the Sjrd trial. The other tvg subjects
made no keypeck response during the final two sessions. While these

results indicate that a stimulus-reinforcer relation is not necessary
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out three differences between the present experiment and most autoshaping
—

procedures, First, the experimental chamber was nonstandard, having

flat black walls instead of the glossy grey walls of commercial chambers.

Second, the present e:?eringntidid not use a houselight to iliuniz;te

the chamber, unlike most autoshaping experiments. The third difference

was in the presentation of the initial keylight-only trials in the present

experiment. The need for the keylight-only trials was not experimentally

assessed in the present procedure, nor is it a procedure generally used

in autoshaping experiments.

Steinhauer, Davol, and Lee (1976) studied the role of magazine
training on subsequent autoshaping. In thei% first axperiment, they
replicated Hitzing and Safar's (1970, Experiment 1) procedure with a
standard apparatus, a continuously illuminated houselight, and without
the initial keylight-only sessions. Their results showed that all four
tirds pecked the keylight within six trials. These results support
those of Hitzing and Safar and suggest that keylight-grain pairings are
not necessary to engender keypecking. In their second experiment, the
amount of magazine training was manipulated to assess its effect on
subsequent autoshaping. Sixteen n;ive-pigeans were divided into four
groups of four birds each. Each group then recelived alther zero, three,
ten, or twgﬁtyafivg magazine trials. A magazine training trial was
defined as holding the hopper up with the hopperlight illumingfsd until
the pigeon had eaten from the hopper for four seconds. Following
magazine training; each pigeon was exposed to an autoshaping procedure
in which eight-second keylight presentaticngzwafa immediately followed
by fyurssgcand presentations of grain. Tr;ining for each pigeon contimued

until the bird pecked the key or for 100 trials, whichever came first.



Their results showed that none of the subjects given zero magazine
training trials autoshaped. Eleven of the ramaining subjects autoshaped .
The only exception was terminated from the study when it falled to
magazine train. The results showed that, in general,fthg greater the
number of magazine training trials, the fewer autoshaping trials to the
first peck. The mean trials of the first peck for the zero, three, ta;;
and twenty-five magazine training trials conditions were 100.00, 16.75,

o4 .00, and 2.33 respectively. In Experiment III, three naive pigeons were
trained in a manner simi%?fgif the zero magazine training trials condition

in Experiment II. The»éirds Vere observed until they began responding
and the trials on whic% each bird ate from the grain hopper were recorded.
The results showed tha§ all three birds regularly ate from the hopper
before pecking the Ff;light, The results of these experiments support
a generalization aéé@unt of autoshaping. In most autoshaping experiments
with pigeons, the hopperlight serves as a discriminative stimulus for
the availability of food. A generalization account of autoshaping would
suggest that due to the similarity of the keylight and hopperlight, the
responding which occurs to the hopperlight could ggneriliza to the keylight.
The results of Experiment I support this hypothesis. A generalization
account would also suggest that the strength of the generalization would
be a function of the strength of the stimulus control of the hopperlight.
The results of Experiment II supported this contention in that autoshaping
was facilitated as a function of -the exposure to the hopperlight as a dis-
criminative stimulus in magazine training. The rgs;lts of Experiment III
further support a generalization account in showing that pigeons must
be eating from the {1luminated hoppér before keypégking oCccurs.

Davol, Steinhauer, and Lee (1977) provided additional evidence for

the role of generalization in autoshaping. Experiment 1 was a replication
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of Brown and Jenkins' (1968, Zxperiment IV) autoshaping experiment,
except the houselight remained on during reinforcer presentations.

The results indicated that the usé of a continuously giluninated chanber
did not adversely effect autoshaping. In Experiment II, the role of the
hopperlight in autoshaping was assessed. Fifteen naive pigeons were

randomly assigned to three conditions. Subjects in Conditions 1 and 2

of the keylight were followed by four-second presentations of grain, if

no keypeck occurred. Keypecks terminated the keylight and operated the
grain hopper. For the subjects in Condition 1, the hopperlight was never
illuminated during the two sessions of autoshaping. Pigeons in Condition 2
received only one session of 100 autoshaping trials, but the hopperlight
was illuminated during every reinforcer presentation. The subjects in
Condition 3 received cne session of 100 keylight-only trials presented

on the same schedule as the keylights in Conditions 1 and 2. While no
reinforcement occurred during this session, keypecks did terminate the
keylight. All birds were observed %o 'be eating from the grain hopper

during magazine training and during the autoshaping procedure. The

and the remaining four birds failed to keypeck in 200 trials. In
Condition 2, all five birds autoshaped. The mean trial of the first
peck was 37.2, with a range of 18 to 81. In Condition 3, one pigeon
.pecked on two trials and the remaining four birds failed to keypeck in
100 trials. These results support a generalization account of auto-
shaping for all subjects, while autoshaping in Condition 1, where no
hopperlight was used, was virtually nonexistant. The results for
Condition 3, in which the hopperlight was not used, also suggest that

the results of Steinhauer, Davol, and Lee (1976, Experiment 1) were
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due to generalizatior from the hopperlight to the keylight. In Experiment
III, Davol, et. al. varied the correlation between the onset of the
hopperlight and grain presentation. A generalization account of auto-
shaping would rredict that autoshaping would be facilitated as a function
of the stimulus control of the nopperlight. Thus, autoshaping should
occur at a slower rate if the hopperlight is not a perfect predictor of

grain presentation than if the hopperlight is always presented with grain.
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Fifteen naive birds were randomly assigned to three experimental conditions.

Tach pigeon tnhen received 2u magagzine training trials. For pigeons iQ\EB'
100% condition, all magazine training trials were illuminatéd with the
nopperlight. In the 92% condition, two magazine training trials were
presented without hopper illuminatixa. Subjects in the 75% condition
received six trials without hopper {llumination. Following magazing
training, each bird was exposed to 200 autoshaping trials in which eight-
second presentations of the keyiight were followed by four-second presenta-
tions of grain in the j1luminated hopper. The results showed that all
five birds in the 100% condition keypecked within 11 trials. Acquisition
of keypecking in the other conditions was considerably slower. In the
92% condition, the mean trial of the first peck was 128.4 with one bird
failing to respond in the 200 trials. Threé birds failed to autoshape
in the 757 csndition. The mean trial of the first peck for this condition
was 127.8. These results indicate that the acquisition of the autoshaped
keypeck is a function of the correlation between hop@erligﬁ% i{llumination
' L
and grain presentation. In Experiment IV, the effect of the similarity
of hue -be®ween the hopperlight and the keylight on autoshaping was
examined. Ten naive pigeons were initially given 25 magazine tralining
trials. For five of the subjects, the hopper illuminated with a red

light during grain presentations throughout the experiment. For the



remaining subjects, a u&happ&rligﬁt was used. Following magazine
training, a two-key autoshaping procedure was implemented. In this
mrocedure, Nwo response keys were illuminated simultaneously for eight
seconds and their offset.was immediately followed by four-second presenta-
tions of grain. One of the keylights was illuminated red and the other
white. Their results showed that all ten birds initially responded to

the keylight which matched the hue of the hopperlight. For the subjects
trained with the white hoppe¥Tight, responses to each key were distrituted
relatively equally after the initial response. Pigeons trained with a
red hopperlight maintained a preference for the red keylight. The results
supﬁart a generalization account of autoshaping in that the hue of the
hopperlight affected the initial reaponse of the subjects. The results
also suggest that once keypecking is initiated, pigeons tend to prefer a
red stimulus.

The results of studies of generalization from the hopperlight to the
keylight provide alternative explafiations for the results of the other
studles reviewed in this paper. None of the studies which removed the
defined R-S contingency provided adequate controls for the effects of
generalizatifn., In the studies of automaintenance, in Myerson's et. al.
procedure, and Peden's et. al. procedure, the results may have been due
to generalization from the hopperlight to the keylight instead of the
keylight;fhganICEf contingency. Support for this contention can be
found. from the results of Myerson, et. al. They reported that for all
six birds, most keypecks occurred shortly after the onset of the keylight.

A generalization account would suggest this as the pigeon is initially
trained ;a respond to the onset of the hopparlighf, whereas a Pavlovian
interpretation would suggest that the responses would occur toward the end

of the keylight as the offset of the keylight is paired with reinforcement.
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The results oé Swartz's (1977, Experiment 1) study showing shorter duration
pecks during an autqnainténance procedure than during autoshaping or
CRF procedures can be explaine& using a generalization account of auto- (ii:j
shaping. Short duration pecks could“pe generalized pecks from the 7
hopperlight to the keylight while 1oﬁg duration pecks are responses under
the control of the specific R-S contingency. Jenkins and Moore (1973)
controlled for the effects of generalization in their final two experiments.
However, they did not control for the effects of adventitious reinforce-
ment >n the form of the response.

while generalization appears to be a major factor in autoshaping,
Oberdieck, Cheney, and Strong (1978) provided evidence that autoshaping
could be obtained without the use of a hopperlight. In Experiment I,
three naive pigeons were initially given ten magazine training trials.
The hopperlight was never illuminated during magazine training or at any
point in the experiment. Following magazine training, an autoshaping
procedure was implemented. In thiﬁs procedure eight-second presentations
of the keylight were followed by three-second presentatims of grain, regard-
less of the pigeon's behaviors. On Days 1 and 2, 100 pairings were given.
No training was conducted on Day 3 due to the birds being sated. On
Days 4 through 16, 40 keylight-grain pairipngs were given. The results
showed that all three birds autoshaped. The mean trial of the first
peck was 83.0 with a range of 45 to 152. These results indicate that
illumination of the hopperlight during grain presentations is not a
necessary condition for autoshaping to occur. Experiment 2 was conducted
to control fér the satiation effects present in Eiperiment 1. Three

naive and three experienced pigeons were given 20 magazine training trials.

=



As in E=xperiment 1, the hopperlight was never illuminated during the
experiment. On Jay 2, and on each subsequent day, 40 keylight-grain
pairings were given. All six hirds autoshaped in this procedure; the
nean trial of the first peck was 5.67 for the experienced birds and
65.67 for the naive birds. While the results of both experiments indicate
that autashaging can be obtained without a hopperlight, they are in sharp
contrast to the results of Davol, et. al. (1977, Experiment II) where
birds given similar training failed to autoshape in 200 trials. QOberdieck,
et. al. suggest the differences may have been due to species differences
in the subjects used. The present experiment used wild homing pigeons
while Davol, et. al. used Columba pigeons. The authors provided no
support for this position. Another possible explanation for the diffgrgneggégi
in results can be found in the apparatus used. Davol, et. al. used a
standard chamber in which the houselight was mounted on the same wall as
the hopper opening. Light from the houselight Gaulé)nat have shown
in the hopper opening to illuminate the grain due to the placement of
the. houselight relative to the hopper. In the preseént experiment, the’
houselight was mounted in the center of the ceiling. Light from the
houselight may have been reflected off the hopper when it was raised,
facilitating some generalization from the hopper to the keylight. Thus,
the results of the present experiment do not conclusively show that
autoshaping can be obtained without generalization from the hopper to
the keylight.

Woodruff and Williams (1976) demonstrated autoshaping without
prior magazine ¥maining or the use of a reinforcement hopper. gach
pigeon used in the study had a small cannula implanted in its beak

through which water could be injected directly into the bird's mandible.



The four pigeons in the autoshaping procedure were then glven four
sessions of 50 pairings of a six-second keylight followed by a six-
s;cond injection of 0.4 to 0.5 cc of water into the pigeon's mandible.
Following autoshaping, each bird was given sessions of 50 extinction
(keylight-only) trials until a criterion of two consecutive sessions
without a response was met. Two of the subjects then received four
additional autoshaping seasions. Four pigeons received training in an
autoshaping procedure with stimulus overlap. This procedure was identical
to the procedure above except the keylight terminated with the offset
instead of the onset of reinforcement. Two birds received ten sessions
of this procedure while the other two subjects réceived five sessions

of this procedure followed by five sessions of the first autoshaping
procedure. Three pigeons were exposed to an omission training procedure.
This procedure was jdentical to the first autoshaping procedure except
that pecks during the keylight prevented reinforcement at the offset of
the keylight. The final four subjects were exposed to an associative
control procedure. In this procedure 50 key {1luminations were presented
on the same schedule as the fir'st group (once every 66 seconds on the
average). Reinforcement occurred randomly throughout the session as
determined by a probability gate. Thus, approximately the same number

of keylight stimuli and reinforcements were presented in each session

as in the autoshaping groups, but no correlation existed between the
occurrance of the keylight and reinforcement. The results for the
autoshaping groupe showed that all four birds autoshaped. The mean of
the trial of the first peck was 39 with a range of 15 to 75. By the
féurth session keypecks occurred on more than 80% Df the trials for

all four birds. Criterion for extinction was reached within eight

N



sessions for three of the subjects with the fourth bird requiring 25
sessions to cease responding. Responding was rapidly reacquired for
both birds re-exposed to the autoshaping procedure, but only one of the
birds regained its original level.of responding. The results for the
stimulus-overlap condition were similar to the autoshaping condition.
The mean of the trial of the first peck was 43 with a range of 8 to 75.
The level of responding during the keylight was similar to the first
group. All three birds in the omission-training group autoshaped.
The mean trial of the first peck was 71 with a range of 69 to 73.
Responding gradually increased and then decreased to very low levels
for all three birds, In the associative-control group, none of the .
birds pecked the illuminated key. These results show that autoshaping
is not dependent on ganeralizatio‘&fron the hopper to the keylight.
Woodruff and Williams suggest the results are due to associative.factors
in conjunction with a "l earned-release” mechanism. This view of auto-
shaping states that biologically pre-organized behaviors are released
by stimuli that signal the delivefy,of a reinforcer. Thus, they contend
that the autoshaped keypeck is a reflexive type response controlled by
the S-S contingency between the keylight and reinforcer. While this
hypothesis does not appear ta explain the poor response rate in the
omission training group, Woodruff and Williams noted that during this
procedure appetitive behaviors did occur, tut the behaviors were directed’
away from the response key.

Woodruff and Williams' theory does not explain Davol's et. al.
(1977) failure to obtain autoshaping when no hoppeflight was Qséd.
An explanation for the difference in results is that in studies using

a reinforcement hopper, response competition retards acquisition of
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keypecking, while no response competition exists in studies not using
a hopper. In traditional autoshaping studies, the subject is trained to
apmroach and eat from the reinforcement hopper before the autoshaping
procedure is implemented. The responses of approaching and pecking at
the hopper compete with the keypeck response, thus retarding the rate
of acquisition of the keypeck response. In studies using a hopperlight,
generalization from the hopperlight to the keylight of fasets this response
competition and rapid conditioning occurs. iIn Woodruff and Williams'
study, no pfetraining of competing responses which could interfere with
subsequent autoshaping occurred. Thus, the acquisition of the keypeck
response occurred at a similar rate in Woodruff and Williams' study and
in traditional autoshaping studies while it was grossly retarded in
Davol's et. al. study.

Support for the role of response competition can be found in
" traditional studies of autoshaping after extended magazine ﬁﬂming.
Enberg, Hansen, Welker, and Thomas (1972) obtained evidence that
extensive magazine training retards the subsequent acquisition of the
autoshaped keypeck. In their study, one group of pigeons was magazine
trained and subsequently trained to press a treadle to obtain three-
second grain presentations. Subjects in this group earned 1020 rein-
forcers over 3 days of training on this procedure. The hopper group
was given the same number of food presentations over the same period
of time as the treadle group, but food presentation was independent
of the subjects' behavior. Each subject in the control group was
ha.ndled daily, but received training in the experimental chamber only
on the final day of the pretraining phase. During that session, each

subject received 30 hopper presentations. Following pretraining, all



subjects were exposed to an autoshaping procedure in which eight-
second presentations of the keylight were followed by three-second
mesentations of grain. Autoshaping was continued until a criterion of
a response on at leasteight of ten consecutive trials was reached.

The treadle was absent from the chamber during autoshaping sessions.
The results showed that the median trial to criterion for the treadle,
control, and hopper groups was 60, 79, and 121, respectively. While |
the hopper group autoshaped slower than the control group, Enberg,

et. al. discounted a response competition explanation for their results
as the treadle group had been trained with an incompatible response for
keypecking, yet this group showed superior autoshaping relative to theﬁ
control group.

Swartz, Reisberg, and Vollmecke (1974) pointed out that in Enberg's,
et. al. (1972) study, two procedural details made it difficult to
discount a response competition explanation for their’;;sults. First,
the criterion of a response on at least elght of ten consecutive trials
made it difficult to determine if the effects observed were on the ‘
acquisition or maintenance of autoshaping. Second, as the treadle was
absent in thé autoshaping procedure, pigeons in ‘the treadle group were

unable to make the incompatible response of treadle pressing during

autoshaping. The first part of Swartz's, et. al. experiment was designed

to clarify these ambiguities. Four groups of three pigeons each were
used. All groups were magazine trained until the latency of approach to
the feeder was minimal in ten consecutive hopper operations. Subjectis
_in the treadle and treadle out groups were then trained to treadle
press for reinforcement. Pigeons in these groups earned in excess of

600 reinforcers over 23 days of training. The free food’fjgyp was

/



glven 630 response-independent presentations of grain over 21 seasions
while subjects in the naive group only received the initial magazine
training in the pretraining phase. Following pretraining, all birds
ware exposed to an autoshaping procedure in which six-second keylight
presentations were followed by four-second rresentations of grain. Thi
procedure was continued for 14 sessions of 30 trials each. The treadle
was present during this procedure for all except the treadle out group.
Using Enberg's et. al. criterion, the results showed the mean trials

to eriterion for the treadle, treadle out, naive, and free food groups
were 43, 42, 55. and 72, respectively. Thi§ pattern of results is
similar to th;t‘fcund by Enberg, et. al. in that the treadle groups
reached criterion sooner thaf the controls (naive graup) while the birds
given extended magazine tfaining (free food group) were somewhat slover
in reaching criterion. However, the results were not similar when the
first trial with a peck was used as the dependent measure. The mean
“trial of the first peck for the treadle, treadle out, naive, and free
food groups was 29, 26, 13, and 22, respectively. The results support
a response competition explanation in that all groups given extended
pretraining autoshaped slower than the controls. While the competing
response is explicit for the treadle groups, the specific competing
response for the free %éod birds is difficult to assertain without
direct observation of the subjects. However, from previous research
(see Skinner, 1948) it would be expected that during free food delivery
some behavior 1is adventitiously reinforced and this behavior would
compete with the acquisition of keypecking. Swartz, et. al. also
presented data from the final five sessions of autoshaping which support

a response competition explanation. The treadle out group responded on



every trial during the final five sessions of autoshaping. The nalve
birds responded on 91% of the trials while the treadle and free food
groups responded on 8% gf the trials. When the average number of
;espoﬁses on those trials in which at least one response occurred. was
computed, the results were similar in pattern to the proportion of
+rials data. The mean number of responses on trials in which at least
one response occurred for the treadle out, treadle, naive, and free food
groups were 12.0, 5.3, 8.5, and 4.5, respectively. On both measures,
the groups which could have exhibited competing responses learned in
pretraining (free food and treadle) responded at a lower rate than .
those given only one session of magazine training prior to autoshaping.
These results support the view that learning which occurs during
magazine training can interfere with subsequent acquisitioﬁ of the auto-
shaped keypeck.

While the apparent discrepancy in the results of Woodruff and
Wwilliams (1976) and Davol, Steinhauer, and Lee's (1977) studies can be
resolved by a response competition hypothesis, the results of both
studies suggest a greater role of the R-S contingency in autoshaping
than previous research indicated. One of the major arguments supporting

the role of the S-S contingency in autoshaping has been the demonstrated

maintenance of responding in the presence of a negative response-reinforcer

contingency. The failure of woodruff and Williams' automaintenance group
to maintain responding supports the hypothesis that in studies of a..utof
maintenance where respondi*g was maintained, the results were primarily
due to generalization from the hopperlight to the keylight instead of

the keylight-reinforcer contingency. Woodruff and Williams' results
further suggest that the keypeck response is primarily responsive to

R-S contingencies. While responding was not maintained in the auto-

27
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maintenance group, high levels of responding were found if the rein-
forcement of keypecking could occur. The resﬁlts of the research
reviewed suggest an operant interpretation of autoshaping is feasible.

In an analysis of autoshaping, it can be argued that a differential
rate of reinforcement exisis between behaviors involving orientation
to the keylight and other behaviors which occur during the procedure.
On trials on which feinfarcaﬁant occurs in temporal conjunction with
the keylight, behaviors during the keylight will be followed by feiﬁs
forcements after a short delay. Behaviors which do not involve orientation
to the keylight can occur during the trial or the intertrial interval (ITI).
While these behaviors can occur in close temporal conjunction with rein-
forcement, the probability is that such behaviors will higeacccurred a
relatively long time prior to rginfcrcg:an£ due to the greater length
of the ITI relative to the trial sﬁimulusg As the behaviors of
orienting to the keylight would occur in closer temporal conjunction with
reinforcement, these behaviors should increase in probability ralative
to other behaviors, and therefore should become the dominant response
in the autoshaping procedure. This analysis suggests that autoshaping
would be facilitated as a function of the ratio of ITI duration to
trial stimulus duration. As the ratio of ITI to trial duration increaaes,
 the dglgj to reinforcement after behaviors not involving the keylight
would become grﬂ;értiangtely longer relative to. behaviors involving
the keylight. Due to the proportionately smaller dalay to reinforcement,
we could then predict that the behaviors involving the keylight would
be strengthened to a greater degree relative to other behaviors. This
contention is supported by Baldoch (1974, in Swartz and G;mzu,'19%7)
who found that the acquisition of the autoshaped keypeck was facilitated

when the ratio of trial to ITI duration was smaller.



While this analysis explains how behaviors involving orientation
to the keylight become conditioned, it does not yet explain why the
keypébk emerges as the predominate behavior. From this analysis and
from Wessells' (1974) work, orientation to the keylight is the first

behaviorfébnditioned. Wessells reported that the behavior of approach-

ing the key then emerges, followed by the development of keypecking.

An operant analysis would suggest that as the. behavior of orienting

to the keylight is reinforced, it would be strengthened. However, it
does not predict the systematic emergence of new behaviors. Brown and
Jenkins (1968) suggested that the keypeck emerged from a species-
specific tendency for pigeons to pecg things at which they lock. This
explanation is plausible when one examines the types of behaviors the
pigeon is most likely to exhibit in the autoeshaping experimént. Due

to the motivation of a deprived subject and the reinforcement history

of the subject in the experimental situation, a high level of appetitive
bé;aviors would be expected from the organism. In autoshaping experiments
using a magazine hopper, the orientation-approach-peck chain of behaviors
is conditioned to the reinforcement hopper and response generalization
could contribute to the emérgence of the keypeck. In studies which do.
not utilize a reinforcement hopper, the emergence of the keypeck could
come from the tendency for pigeons to peck things at which they look.

In its natural environment, the pigeon's behavior of orient;tiau alone
or the orientation-approach chain is never reinforced by primary
reinforcement in an appetitive situation. Only the orientation-
approach-peck sequence is reinforced, strengthing the probability of

' occurrance of the whole chain instead of only one or two components.

It can then be argued that if the orienting response is reinforced,



it increases the probability of the occurrance of the arigntatiaﬁ—
approach-peck chain. This would explain the emergence of the keypeck
in autoshaping. Similarly, in Woodruff and Williams' (1976) auto-
maintenance group, pecks which were off the response key were reinforced
while keypecks were not. Thus, the gehgviefal chain was altered in its
last component by the response-reinforcer contingency. f

While the preceding analysis of autoshaping is incomplete in
aempirigal support, the research to date does not rule out such an
analysis. While research such as Peden, Browne, and Hearst's (1977)
appears to discount the ngcéssity of adventitious reinforcement of
rrepecking behaviors, their findings may have been the result of generali-
zation from the hopperlight to the keylight. The results of most of
the studis; which sought to isolate the effects of the S-S contingency
in autaah;éing nave been confounded by the role of generalization. Thus,
studies need to be conducted to control the effects of generalization
and to further the understanding of the role of genarali;atiéﬁ in
autoshaping. )

The present research is concerned with the dimensions of the
stimulus and reinforcer that facilitate generalizatien in autoshaping
experiments. The similarity of hue between the hopperlight and keylight
was shown to facilitate autoshaping in Davol, Steinhauer, and Lee's
final experiment. Other studies have also found the similarity of
hue between the stimulus and rei-forcer facilitates auteséapins (Fisher
and Catania, 1977 Sperling, Perkins, and Duncan, 1977).

Rescorla and Furrow (1977, Experiment I1I) found similar results
for the dimension of form in a second-order autoshaping ptocedure.
In their procedure, 16 experienced pigeons were initially gx@asadkta a

-
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discriminative autoshaping procedure. In the first session, 16
five-second presentations each of blue, horizontal-line, green, and

vertical-line keylight stimuli were presented in random order. The

blue and horizontal-line stimuli were followed by five-second grain

presentations. The other two stimuli were never followed by reinforcement.

On subsequent discriminajion sessions there were 16 presentations each
of the blue and harizantaléliné.stimuli and 12 presentations each of
the green and vertical-line stimuli. During these sessions only four
of the blue and four of the horizontal-line stimuli were followed by
reinforcement. After a criterion of 89% of the responses occurring to
the blue and horizontal-line stimuli was met, the birds were divided ‘
into two groupe. The twaﬁér@upa were balanced for stimulus preference
and response rate. Each group then received two sessions of second-
order candf%ianingg For Group Similar, each session consisted of 12
trials of the vertical-line followed by the horizontal-line and 12
trials on which the green stimulus immediately followed the blue stimulus.
Four trials each of the blue and the horizontal-line followed by grain
were also presented. For Group Dissimilar, the procedure was identical
except the blue stimulus followed the vertical-line stimulus and the
horizontal-line stimulus followed the green stimulus. The results
showed thgtibath groups acquired responding to the second-order stimulus.
The results for the final half of the second session showed a response
rate of 96 responses per minute to the second-order stimuli in Group
Similar as compared to a response rate of 29 responses per minute for
Group Dissimilar. During these trials Group Similar responded on 98%
of the presentations of the second-order stimuli and Group Dissimilar
responded on 60% of the trials. The results indicate that the similarity
of form facilitates keypecking within an autoshaping paradigm.

> .
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Studies of the effect of the temporal similarity of the kaylight
and hopperlight have not shown “temporal similarity to be a factor in
aut@ahgpiﬁg, Balsam, Brownstein, and Shull (1978) varied the duration
of grain presentations to assess the effect of reinforcer duration on
autoshaping. Two experienced and four naive birds were used in the
first experiment. They were initially given two sessions of hopper
training. In the first of these sessions, each subject was allowed to
eat from the raised, illuminated hopper for 30 seconds. Subsequently,
five hopper presentations each of two, four, and eight seconds were
rresented in the same randomly generated order for sach subject. The
second session consisted of an additional fifteen hopper pxresentations
as in session one. On the third day, an automaintenance procedure
was implemented. Each ;f these sessions consisted of 40 trials of an
elght-second keylight fresentation followed by reinforcement if no
keypeck occurred. Keypecks prevented reinforcement at the end of the,
stimulus. Each condition consisted of 10 consecutive sessions in which
only one of the three grain durationa was presented. Each subject was
exposed to each condition once followed E¥ re-exposure to the initial
condition. The fougfnai;é'pigeans were iquglly divided between the two-
and eight-second conditions in the initial sessions. The results
showed no significant difference across conditions for the dependent
measures Sf trial to the first peck, response rate, pr@é;bility of a
regponse as a funétian of the number of consecutive keylight-grain
pairings, or probability of no response as a function of the nunbgr
of consecutive trials without a keylight-grain pairing (trials with
a peck). On trials in which a peck occurred, the eight-second condition

showed a slightly shorter latency to the first peck than the two- or



four-second conditions. Except for the latency data, the results suggest
that the temporal similarity of the sﬁimulus and reinforcer does not
facilitate autoshaping. One of the previously naive pigeons used in
Experiment I and the two remaining experienced plgeons were used in
Experiment II. The procedure for Experiment II was identical to the
first experiment, except an autoshaping procedure was used instead of
an automaintenance procedure. In Experiment il. keypecks had no
scheduled consequences and reinforcement occurred on every trial. On

- R
measures of proportion of trials responded on, response rate on trials
with a response, and latency of the first peck éﬁ trials with a response,
no systematic differences were found as a function of conditions. The
results from Experiment II replicated those of Experiment I in showing
no sigﬁificgnt effect of the temporal similarity of the stimulus and

reinforcer on autoshaping.
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In studying several variables affecting autoshaping, Perkins, Beavers,

Hancock, Hemmendinger, Hemmendinger, and Ricci (1974) ran two experiments
in which the effects of the temporal similarity of the stimulus an&
reinforcer were assessed. In ExpPeriment II, the effect of stimulus
duration on autqsh;piﬂg was assessed. Four éIPETimgntally naive birds
served as subjects. Each subject was given two initial sessions of
hopper training. Qn;the third day, an autoshaping procedure was imple-
mented. Each bird wés exposed to four different stimuli, yellow, green,
blue, and red, which were of 4=, 8-, 16-, and 32-second duration,
respectively, for the first 54 sessions. During Sessions 55 to 67,

the yellow, green, blue, and red stimuli were of 32-, 16-, 8-, and 4=
second duration, respectively. Except for Sessions 8 and 9, all

sessionas consisted of 24 cycles in which each stimulus was presented



once. Thirty cycles were presented in Sessions 8 and 9. For the first
six sessions, the proportion of presemtations of each stimulus that was
followed by four-second access to grain was 1/12. For the remaining

61 sessions the proportion was 1/6. The results showed a lower rate

of responding to the 32-second stimilus with no significant difference
in the response rate to the remaining three stimuli. Experiment IV
only used two durations of stimuli, 4 and 32 seconds. The resulis were
consistent with those in Experiment II in showing a lower rate of
responding to the 32-second stimilus when a four-second reinforcer

was used. The results of both experiments suggest an effect of
stimulus duration, but the results taken together do not suggest an
effect due to the temporal similarity of the stimilus and reinforcer

/ Uhlle the results of the previous experiments do not support the

hypothesis that the temporal similarity of the stimilus and reinforcer

facilifate autoshaping, Testa (1975) demonstrated that the temporal .
similarity of the US CS facilitated conditioning in a“standard
classical conditioning edure. In Eb(perix;lent I, 31 rats were initially

trained to bar press for bod on a variable interval one-minute (VI 1)
'hschedule of reinforcement. All sessions lasted for two hours. After six
sessions of bar pressing only, CS-US presentations were superimposed
during bar pressing. The CS was a light which was located under the

grid floor for groups BP and BC. The CS was located at the ceiling for
groups TC and TP. For group BC and TC, the CS was a constant intensity
while it was pulsed (O 5 second on, 0.5 second off) for groups BP and

TP. Each CS presentation lasted one minute. The US consisted of a O. 3
milliampere shock delivered through the grid. .The US occurred during

the final five seconds of the CS and was pulsed (0.5 second on, 0.5



35

second off). Two pairings of the CS and US were giyen each session

for three sessions. On Day 10, an extinction procedure was lmplemented.
Four CS=only pres;ntatians were superimposed during bar pressing. On
Days 11 and 12, six reconditioning trials in which the CS and US were
paired occurred during each session. A stimuilus generalization test

was given on Day 13; a novel CS was presented alone four times during
the session. The novel stimulus for each group was the stimulus which
had a different location and temporal intensity pattern than the CS

used in conditioning. A suppression ratio, x/(x+y), where x is the
number of bar presses during the CS and y is the number of bar presses
during the minute preceding the CS, was computed for each CS presentation.
The results showed a significant effect of the temporal intensity
pattern in the initial conditioning phase and the generalization test.
While the results supported the hypothesis that the temporal similarity '
of CS and US facilitated conditioning, Testa pointed out that the
results could be due to the pulsed CS being more salient than the
constant CS. In Experiment II, two types of CS's, wave-floor and
pulsed—ceiling, were paired with two types of US's, wave-floor and
pulsed-ceiling, to control for the effect of the salience of each CS.
The wave-floor CS was a light with a rectified wave intensity pattern
located at the floor. The wave-floor US was an air blast with a

CS was a pulsed light located at the ceiling. Similarly, the pulsed-
céiligg US was a pulsed air blast origimating from the ceiling.
Thirty-two rats were randomly assigned to four groups of eight subjects
each. Each group received training with a@different CS-US pair. As

in Experiment I, the rats were initially trained to bar press. This



training lasted for three two-hour sessions. During the third session,
two CS-only trials were also presented. On Day 4, a third CS-only
trial was presented and followed by four trials with the CS and US
paired. Each CS occurred for 58 seconds and the US occurred during the
final eisht seconds of the ¢S. No training or exposure to the chamber
occurred for the folldking 15 days. On the following two days, eight
reconditioning trials were presented. On the final day, four extinction
(CS-only) trials were presentéd, The results for the canditianing;
reconditioning, and extinction phases showed that for each US, greater
suppression of btar pressing occurred to the similar CS than to the
diseimilar CS. These results show a facilitative effect of the similarity
of the CS and US and, together with the results of Experiment I, support
the hypothesis that temporal similarity of the CS and US facilitates
conditioning.

The results of Testa's (1975) research suggest that temporal
aimilarity of the stimulus and reinforcer facilitates conditioning,
yet the autoshaping research to date has not supported this hypothesis.
A possible resolution of this discrepancy may result from a redefini-
tion of temporal similarity. Temporal similarity has been defined in
terms of the duration of the individual stimulus and reinforcer
presentations. However, research in concurrent schedules (see
de Villiers, 1977) has shown pigeons are gensitive to the total rein-
forcement time within a gesaion. Thus, the definition of temporal
sigilarity may need to be modified to include the frequency as well
as the duration of the atimilus and reinforcer. It would then be
aexpected that autoshaping would be facilitated as a fugetian of the

éimil;rity of the product of the frequency times the duration of the



stimulus relative to the reinforcer. The research to date does not
provide definitive evidence about the validity of this hypothesis.

In Perkins', et. al. (1978) research, none of the stimull occurred for
the same total presentation time within a session as the reinforcer.

In Balsam's, et. al. (1978) experiments, groups with an eight-second
reinforcer duration had the total rresentation time of the stimulus
and reinforcer equated. However, in Experiment I, the dependent
measure, keypecks, prevented reinforcement. Thus, once a subject began
responding, the equality between the stimulus and reinforcer presentation
time was eliminated. In Experiment II, every stimulus presentation

was followed by reinforcement. Perkins, et. al. (1975) suggested that
when every stimulus is followed by reinforcement, responding approaches
maxisum rate. Thus, any effects of generalization in Balsam's, ;tg al.
study may have been masked. No experiments have studied the effect of
the temporal similarity of the stimulus and reinforcer defined as the

/
total presentation time within a session. The following experiments

were deaigned to assess the effect of the temporal similarity of thg

stimulus and reinforcer presentation time on autoshaping.
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As Balsam's, et. al. (1978) results may have been a product of
a ceiling on response rate, a choice procedure gtilizing a partial
reinforcement schedule was devised to assess the role of the tesp@ril'
similarity of the stimulus and reinforcer in autoshaping. A two-key
autoshaping procedure similar to that of Davol, Steinhauer, and Lee's
(1977, Experiment IV) procedure was used with four stimull. The stimuli
were presented two at a time on separate keys with each stimulus
occurring at a different frequency. This allowed the presentation of
four stimuli with different total presentation times for each subject.
By manipulating the frequency of reinforcement and/or the duration of
the individual stimulus presentations, the total presentation time of
the reinforcer could be matched to one of the four stimuli to which
the subject was exposed. This procedure was used to test the hypothesis
th;t%§ prefarence, indexed by an enhanced rate of responding, would be

shown f}a: the stimulus that matched the reinforcer in total presentaticn

time.

METHOD

- *

Sixteen experimentally naive homing pigeons were maintained at

80-89% of their free-feeding weight throughout the experiment. Twelve

of the subjects were atult males and tifa remaining four were adult

femnles.

~
7

The inside dimensions of the experimental chamber measured 30.5 cm

long, .5 cm wide, and 33.0 cm high. The inner and outer walls of the

chamber were metal and 0.3 cm thick with 1.3 cm of insulating material

38
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between the walls. Inside the chamber was a response panel which
housed the food hopper, respcnse keys, and houselight. Two 2.5 ca
diameter response keys were centered 15 cm apart on the response panel
22.5 cm above the grid floor. A 5.7 cm by 5.1 cm hopper opening was
centered on the panel 8.0 cm from the floor. The 28 vdc houselight was
centered 29.0 ca from the floor. The response keys required a force of
10 g to operate and were illuminated from behind by standard IEE display
cells. The chamber was situated next to the solid-state programming
equimment in the experimental room. Extraneous noise was masked'by a
ventilating fan in the chamber and coqling fans on the programming
equiment.
Procedure

Hopper Training. Each bird was given gne 30 minute adaptation

session in the training chamber with the houselight illuminated. Each
pigeon uaf then given one session of hopper tralning, during which

each bird was first trained to approach and eat from the hopper within

one second of the hopper preseptation. This was immediately followed

by 30 three-~second presentatioqs of the hopper. on a VT 30-second schedule.
Throughout the experiment, reinforcement cons;lfed of a three-second
presentation of mixed grain, during which the hopper light was illuminated.
The houselight was illuminated throughout the session.

Autoshaping. ’ Following hopper training, the birds were randomly
assigned to one of four groups of four birds each, with the restriction
that one femalé was assigned to each of the four experimental groups.

On each trial the keys were illuminated six seconds for groups 40/6 ahd
80/6 and the keys were illuminated three seconds for groups 20/3 and

40/3. @t the termination of the keylight, reinforcement occurred with



a probability of 0.20 for group 20/3, 0.40 far groups 40/3 and 40/6,
and 0.80 for group 80/6. Each trial was followed by an ITI on a VT
30-second schedule.

For all birds, six combintions of four stimuli served as stimulus
pairs. For each session of fifty trials, the pairs of stimuli were
presented with the following frequencies: A+B, 22; A+C, 12; A+D, 6;
B+C, 6; B+D, 2; and C+D, 2. Thus, stimulus A was presented on forty or
80% of the trials, stimulus B was presented on thirty or 60% of the
trials, stimulus C was presented on twenty or 40% of the trials, and
stimilus D was presented on ten or 20% of the trials. Four orientations
of white lines (OG, QEE. 90°, and 1359) on black backgrounds served as
the stimuli. Each line orientation was assigned a different frequency
for each bird in each group, and the four sets of line orientation/
frequency of presentation pairings were the same in each of the four
groups.

Within each pair of stimuli, the number of [resentations was
balanced on each of the keys for each component within a session. The
order of occurrence of the pairs of stimull was random within each
session. A total of ten random session sequences were used in the
experiment,

The probability of reinforcement was the same for each stimulus
within each session as it was for each pair of stimuli within each
block of five sessions.

Table 1 shows the total presentation time for each stimilus and
the reinforcer for each group within a session. It can be seen that
for groupe 20/3 and 40/6, stimulus D had the same duration as the
reinforcer, while stimulus C occurred for the same time as the reinforcer

in groups 80/6 and 40/3. It was therefore predicted that for groups

r
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20/3 and 40/6, stimulus D would be preferred as its rate by duration

C would be preferred by the same reasoning.

Responses were recorded for each trial on each key and 16 sessions -

were run in Experiment 1.

RESULTS

Two birds failed to autoshape in the experiment and were deleted
from the analysis. One bird was in group 80/6 and the other bird was
in group 40/6. Two types of data were analyzed, tné response rate and
the proportion of trials on which at least one response occurred.

Within each group, one session's trial data for one subject were
lost due to either squipment failure or experimenter error. The response
rate data for three of these subjects were also lost. This amounted to
'1.79% of the trials data and 1.34% of the response rate data. To
maintain equal cell frequencies for -the purpose of statistical analysis,
the mean of the corresponding cell was substituted for each data point.

Table 2 shows the mean response rate and the mean proportion of
trials with at least one reaponse for each stimulus, within each group,
far blocks of four trials and across all sixteen sessions. As can be
seen from both the trial and response rate data, no conaistent or
strong preferences were shown in any group, except in group 40/3
where the predicted stimulus was responded to on a slightly greater
proportion of trials than any other stimulus in blocks 2-4,

A 4xlx16 unweighted-means analysis of variance was conducted on
both sets of data, the results of which are presented in Table 3.

The only significant result in the analysis was the effect of trials
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*w
df=15/150, p¢.0001). The effects of groups, stimuli, and all the

interactions were not significant in elther analysis.

DISCUSSION

The significant trials effect was expescted as both the response
rate and trials responded on measures should increase across sessions
as the birds a;quired the autoshaped keypeck response.

The hypothesis that a preference would be shown for the stimulus
which occurred for the same total presentation time as the reinforcer
was not supported. Unlike the studies which studied the generalization
of hue from the reinforcer to the stimulus, the discrimination of
total presentation time of the four stimuli requires several presenta-
tions of each stimulus over time. Conamidering how uniform the data are
across stimuli, the birds may have autoshaped to a keylight without
attending to the stimulus dimension which had a unique value for each
stimulus, total presentation time. Hith@gt this attending, and sub-
sequent discrimimation of the stimull in terms of presentation time,
no preference would be found as the stimull were uniform in form,
intensity, hue, and the probability of reinforcement. Thus E:géri;ént 2
was.conducted to explore this possibility. - '

~
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Thomas, Freeman, Svinicki, Burr, and Byons (1970) demonstrated
that discrimination training between two values of one Eti!ulusj dimension
affected responding to several values of a second stimulus dimension.
In their procedures, -pigeons in the true discrimination (TD) groups
received discrimination training between two stimull which differed
in either hue or line angularity. Subjects in the pseudo-discrimination
(PD) groups were presented the same stimnii! but reinforcement occurred
nondifferentially between the two stimuli. Elther during discrimination
training or immediately following it, each subject was also exposed to
one value of a second stimulus iiﬂengiani‘ Following fthis initial training,
each subject was exposed to five values of the second stimulus dimen-
sion in a generalization test. The results showed that TD subjects
showed a sharper generalization gradient than FD subjects. This means
that TD subjects had a greater proportion of responses to stimuli
which were most similar to the stimulus they were originally exposed to
than did the PD subjects. The final experiment of Thomas, et. al.
showed this effect was due to a sharpened generalization gradient for
TD subjects rather than flattened generalization gradient for PD subjects.
These results indicate that discrimination training along one stimulus
dimension facilitates attending to other stimilus dimans%cns.
The results of Experiment 1 were hypothesized to have been due
_to a lack of attending to the atimulus dimension of presentation time.
Experiment 2 was designed to provide discrimination training between
hues to subsequently facilitate attending to stimulus presentation
time in the Expariment 1 procedure. It was hypothesized that this
increased attention would facilitate the effects of generalization between

the stimulus and reinforcer presentation time in the autoshaping paradigm.
;J



METHOD
Subjects
The fourteen pigeons that ;u%@shgged in Experiment 1 were used
as subjects. They were maintained at 80-8%% of their free-feeding

weight throughout the experiment.

Discrimination Training. Following the final day of training in

Experiment 1, each pigeon was given five sessions of discrimination
training. Each session consisted of 24 presentations of the stimulus
pair, S*Sa*, followed by a three second presentation of the hopper,
interspersed with 24 presentations of the stimulus pair, SiS?g; which
was never followed by reinforcement. Betwedn presentations of the
stimulus psi;s was an ITI on a VT 30 second schedule. Red, yellow,
and green keylights served as stimuli. Each bird within a group
received a different combination of the red, green, and yellow stimull
as S, S”, and S° and these combinations were repeated across groups.

Bach block of 16 trials within each session was balanced in the
number of presentations of each stimulus pair. The order of presenta-
tion of the stimulus pairs within each block was random. The individual
presentation time of a étimulus pair was 3 seconds for pigeons from
groupe 20/3 and 40/3 and 6 seconds for pigeons from groups 40/6 and
80/6. As in Experiment 1, responses were recorded for each trial on
each key.

Autoshaping. Following discrimination training, the birds were

given the identical treatment as they received in Experiment 1. All

birds were assigned to their original groups and received the same



stimili at the same frequency, followed by the same probtability of

~ reinforcement as in Experiment 1.

RESULTS

For the discrimination training phase, Table 4 shows the mean
response rate and mean number of trials with at least one response
for each stimulus within each session for each group and for each
stimilus, and each session within each group. 5° when paired with 3"
is presented separately from S° when paired with S~ to show the pattern
of responding for each type of trial. The data show that all groups
showed a preference for s" in the first session and the preference
increased across sessions. The data also show a similar pattern of
responding across groupe on s" trials, but different patterns across
S~ trials. Group 20/3 showed a higher rate of responding on S~ trials
than the other groups, but responded more to S°, while group 40/6
maintained a high level of responding to S~ relative to S°.

Fauréby four by five unweighted-means analysis of variance were
conducted on the data (see Table 5). The results of both analysis
showed a significant effect of stimuli (trials data, F=56.96, df=
3/30, p<.0001; response rate data, F=27.27, df=3/30, p¢.0001) and a
significant stimuli by trials interaction (trials data, F=12.83,
df=12/120, p<.0001). The analysis of the trials data also showed a
significant three way interaction (F=1.85, df=36/120, p<.0l) and the
analysis of the response rate data showed a significant effect of
trials (F=3.45, df=4/40, p<.05). All other effects were not significant.

Table 6 shows the mean response rate and the mean proportion of

for each stimulus within each group and the mean for each stimulus

45



within each group on the autoshaping procedure. The data indicate
no preference was shown for the stimulus which matched the reinforcer
in presentation time, except in the response rate data for groups
80/6 and 40/3 where the response rate to stimulus C is slightly
greater on both blocks in each group.

However, the 4xix8 unweighted-means -analysis (see Tahle 7) on this

data showed no significant effects.

DISCUSSION

The results of the first ;—gse of this experiment clearly show
that when glven the g:p;icit discrimination task, the birds quickly
learned the contingencies between the stimuli and the presentation
of reinforcement. However, this training did not affect the birds
performance on the autoshaping procedure. No preference was shown

for the stimulus which had-the same presentation time as the reinforce-
ment.

These findings i:ndig;te that the discrimination training between
hues did not fgeilit;t; ;,,ha effects of stimulus generaligzation in
;u‘ﬁashgpingg Assuming the discrimination procedure was effective
in increasing atter{ding to the stimulus presentation time in the
autoshaping pracedure,;the results indicate that the fallure to
: obtain a grefaranca fargthe stimulus which matched the reinforcer
in présgmt;ticn time in Experiment 1 was not due to a lack of attending

to the relevant stimulus dimension.
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. EXPERIMENT 3

In the first two experiments, no effect of generalization from
“the hopper Tresentation time to the stimulus presentation time was
found. A partial reinforcement schedule was used in both experiments
to avoid ceiling effects on response rates. However, the data indicate
that response rates were very high, and this could have possibly masksad
any preferences due to stimulus generalization. Therefore, an extinction
procedure, presenting the stimuli from the autoshaping procedure without
reinforcement, was used to see if extinction would be more gradual to
the stimulus which previocusly had the same total presegtation time as

the reinforcement.
METHOD
~ Subjects
The 14 pigeons used in Experiment 2 gerved as subjects. They

were maintained at 80-89% of their free-feeding weight throughout the
axperiment. |
Apparatus

The apparatus used was the same as that described in Experiment 1.
Procedure

The pigeons were assigned to the same four groupg.as in the
previous two experiments. Each bird received three sessions of 48
individual presentations of stimuli. No grain was presented in any of
the sessions. The 48 trials in each.session were broken down into
six blocks of eight trials, in which each of the four stimuli used in
the autoshaping ;rocedure of Experiments 1 and 2 were presented once
on each key. The order of presentation within each block of eight

trials was random. The length of each stimulus presentation was the



same within each group of birds as it was in the previous experiments
(i.e. three seconds‘for groups 20/3 and 40/3, and six seconds for
groups 40/6 and 80/6).

Data were collected on the number of responses to each stimulus

and the number of trials with at least one response for each stimulus.

RESULTS

Data for stimulus A in the first session for one bird (#1968,
group 40/3) were lost for both trials and responses due to experimenter
error. This amounted to a loss of 0.60% of the trial and response
rate data. The procedure for replacing the missing data was the same
as in Experiment 1.

Table 8 presents the mean response rate and mean number of trials
with at least one response for each stimulus within each session for
each group and the mean for each stimulus and each trial in each group.
The data show no strong preferences for any stimulus in any group.
Extinction appears to be less rapid for the groups with threerecond
stimuli. This can be seen in groupe 40/6 and 40/3 where reinforcer
duration was equal in the previous studies. Group 40/3 averaged 20
responses per minute on the final session compared to 8 responses per
minute for group 40/6. Rate of extinction also appears to be positively
correlated with the probability of reinforcement in the previous studies.
Group 80/6 averaged 10 responses per minute on the. final session
whereas group 20/3 wa.s> still averaging 58 responses per minute.

Table 9 presents the 4x4x3 unweighted-means analysis of variaace
on the data. The results of both analysis showed a significant effect
of“trials (trial dat;. F=33.75, df=2/20, p<.0001; response rate data,

F=14.73, df=2/20, p<.0005). In the trials data the groups by stimuli
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interaction was significant (F=3.41, dfi?/gﬂ;:£fi0§)- Fo other effects

were significant in either analysis.

DISCUSSION

The results indicate that even in extinction no preference exists

reinforcer. The signmificant groups by stimulus interaction does not

appear to be caused by a preference for the predicted stimulus in any

response was five for the predicted stimulus compared to four for each
of the remaining three stimuli. However, the number of trials with a
response for the praﬁieted stimulus was less than at least one other
stimulus in each of the three remaining groups, indicating that the
interaction was not due to preferences for predicted stimull.

The trials affect is a result of decreased re;pandins across
sessions. While the data appear to indicate a difference in the rate
of extinction across the groups, neither analysis had a significant
groupe by trials interaction.

Thus, the results of the extinction procedure also fail to support
the hypothesis that a preference is shown for a stimulus which occurs

- for the same presentation time as the reinforcer.
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DISCUSSION : -

The results of the three experiments presented here concur with
the results of Perkins, et. al. (1975) and Balsam, et. al. (1978).
No support was obtained for the hypothesis that generalization from
the reinforcer duration to the stimulus duration facilitates the
autoshaped keypeck. The experiments indicated that, with or without
previous experience with discrimination training, equal presentation
time of the stimulus and reinforcer did not affect the response to
the stimulus during the acquisition, maintenance, or extinction of
the autoshaped keypeck response.

That the hypothesis was not supported in the present research

in light of Testa's (1975) finding that the tempora similarity of
the stimulus and reinforcer facilitates canditianiik within a classical
conditioning peradigm. ‘{Pﬁ
The present experiments were designed tq dontrol for poasible
ceiling effects while using a choice procedure to demonstrate the
effect of generalization due to temporal similarity. While different
values of stimulus duration and stimulus and reinforcement frequencies
were.usedi none of the combinations of these values ylelded significant
results.
The failure to support the Eypcthesis in the present research
my have been due to the utilization of the two-key choice procedure.

While experiments such as Davol, et. al. (1977, Experiment IV) used

as a function of the similarity of hue between the stimulus and
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reinforcer, the use of a two-key procedure in the present research
may have prevented demonstrating the effect of te:p@rglﬁsi:ilarity
of the stimulus and reinforcer on autoshaping. In the Davol, et. al.
procedure, it was not necessary for the subject to attend to the taﬁ;l
duration of both stimulil for generalization to occur. By attending
vriefly to each key, the subject could discriminate which stimulus
was similar to the hopperlight in hue. In the- present autoshaping
procedure, on the other hand, it was necessary for each subject to
attend to both keys on every trial in order to discriminate which
stimulus was similar to the reinforcer in total presentation time.
Assuming that, in responding to one of the stimuli, the subject was not
attending to the other stimulus, the bird would not be able to dis-
criminate the total presentati;n time of any of the stimuli accurately,
unless it always responded to one of the stimuli. As none of the
subjects responded to one specific stimulus on every trial the stimulus
was presented, it would not be expected that any of the subjecta were
able to discriminate the stimulus that was equal to the reinforcer in
total presentation time. Thus, no preference could be shown for a |
stimulus due to its temporal similarity to the reinforcer.

Another possibility in the present study was that the subjectsa
responded to stimulus pairs instead of the individual stimulus.
However, nbixe of the pairs of stimuli were presented for the same
total duration as the reinforcer in any of the conditlons. Had a
ﬁreference been shown for any stimulus-gair, a significant effect
of stimuli should have been found as more responses would have @c&urreér
to the two stimuli in that stimulus pair.

A modification of the autoshaping procedure could eliminate the

procedural problems discussed above. A single key procedure utilizing
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the same number of presentations of each of the stimuli and reinforcer
. would have the same prediéted results as were expected inrthe first
experiment. The individual presentations of each sti:nml,éa might be
randomly alternated between two keys as the present autosdhaping pro-
cedure could be implemented after several sessions of the single key
srocedure. The use of the two-key procedure here ii:ght be mcre sensitive
to preferences than the one key procedure as a :éspgnse toward one
stimulus in a two%key procedure is simultanecusly a response iway from
another stimulus. Thus, the discrimination of several stimilus durations
along with the reinforcer duration could be established in the sinélé
key procedure and, if necessary, the hypothesis that a preference would
be shown for the stimulus that matches the reinforcer in total presenta-
tion time could be tested further using the two-key choice procedure.

Another possible weakness of the present study may have been the
number of stimull used. In a single key procedure, the use of two
stimli could yield the same results as could be found with four
stimuli. With only two stimuli to disdriminate between, the facilatory
effect of generalization due to the temporal similarity of the stimulus
and reinforcer should occur at a more rapid pace due to the simplifica=-
tion of the procedure.

Assuming the hypothesis that the temporal similarity of the
stimulus and reinforcer facllitates autoshaping is false, at least two
questions are raised. The first of these revcl%gs around why stimulus

dimensions such as hue and form generalize from the reinforcer to

possible explanation would be that as the visual system of the pigeon

is more developed than its other sensory systems, the visual dimensions
{



of stimuli used in the generalization paradigms in autoshaping \muld
be highly salient relative to other dimensions of the stimuli.

The other question that the denial of the hypothesis ralses

stimilus and reinforcer facilitated learning in a classical conditioning
paradign. If a similar result cannot be found in autoshaping, it would
suggest that autoshaping does not fit the classical conditionipg paradigm
as ﬁail as some authors (e.g. Hearst and Jenkins, 1974; Swartz and Gamzu,
1977) suggest. The results would add to the questions about the under-
lying mechanisms raised in the introduction of this paper. These
questiona will only be answered by furtihter research in the area of
autoshaping.

In summary, the present mesearch did not support the hypothesis
that generalization due to the temporal similarity of the stimulus
and reinforcer would facilitate autoshaping. However, the fallure to
support the hypothesis may have been due to the methodology used, and
a procedure which would avold the errors of the present procedure was

riefly presented.
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Table 1: Total duration in seconds p-er session for each stimulus
and the reinforcer for each group in Experiment 1.

Stimulus
Group A B c

80/6 240 180 120

Reinforcer

[

120

Lo/6 240 180 120 60

40/3 120 90 60
20/3 120 90 60
T

8 8 3 2
8 .2



Table 2:

Group
80/6C

40 /6D

ho/3C

20/3D

Mean response rate and

was responded to within

sessions in Experiment 1.

name)

Trial Block

1

2

wl & W N wl £ W W PO R ~ W

L3}

F oW

<)

Stiiulgs

A
28
52
8
H
L8

16
36
33
45
33
16
39
39
%)
*

7
26
43
50
32

B

23
47
68
56
48

20
3%
L7
us
3

30
47

c

SO .

e ¢

B B

55
36
15
43
L7

39

Responses per minute

18

37

&

18
41

¥ &

30
45

Proportion of trials

.32

s

él‘*‘

a1

8

.35

13
31
L9
47

.35

proportion of trials each stimulus
each group for each block of four
(Predicted stimulus follows group

R

41
A5
L7

.39

&

L7

43

.10

.33

L2

g

55



TABIE 3

Unwelghted-means analysis of variance on the response rate and trials in Experiment 1.

Trials Data Response Rate Data
Source 3s af RS F Ss df MS F
Groups (G) .06 3 35 .93 3%295.80 3 1209.60 .45
Subjects within groupe 3.79 10 .38 269055.83 10 26905.58
Stimuli (s) .07 3 .02 1.7 1911.50 3 637.17  2.13
Trials ﬁ,ai 9.77 15 .65 14.87% 175437.75 15 11695.85 19.25*
GxS .05 9 .0 b2 B42.57 9 93.62 )]
GxT 1.85 45 .04 G JOH0.4 45 678.68  1.12
SxT .55 45 .01 1.41 6977 . 50 b5 155.06 1.29
GxSxT 1.31 135 .01 .1.13 17309.80 135 128.22  1.07
Error 1 .38 o .01 8958.19 0 298 .61 |
Error 2 6.57 150 .04 91120 ..f 150 607 .47
Error 3 3.86 45 .01 53848.09 U450  119.66
*p<.0001
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Table 4: Mean response rate and number of trials each stimulus was
responded to within each group for each session of the

discrimination training in Experiment 2.

Responsas per minute Nymber of trials

Stimulus - Stimulus
Group Trial Block s' 87 s~ s ¥ s' s s % X
80/6 .1 11 4 4 7 6 L 2 2 3 3
2 28 5 8 16 14 9 1 3 6 5
3 29 ) 0 2 8 10 9 0 3 3 &
4 68 0 6 5 19 16 0 4 3 6
5 4& 0 0 1 12 15 0 1 2 &4
X 3 2 4 8 12 1nm 1 2 3 4
4o/6 1 45 1 18 7 18 12 1 8 &4 6
2 5 0 16 2 19 13 o 7 1 6
3 4 1 7 32 18 1 5 3 7
4 76 0 4 1 20 20 0 1 2 6
5 72 0 17 1 23 17 0o 6 1 6
X 65 0 13 3 20 16 1 6 2 6
*40/3 1 19 2 10 13 1 8 2 5 6 5
2 5 0 15 31 26 19 1 7 13 10
3 61 1 19 4 21 19 0 8 2 7
4 74 0 6 1 20 21 0 3 1 6
5 76 0 1 1 19 20 0 0 0 5
\ X 8 1 10 10 20 17 0 4 4 7
20/3 1 b2 8 33 20 26 13 3 9 6 8
2 71 13 32 44+ 4o 17 3 10 11 10
3 66 11 23 37 3 1 3 7 10 9
L 81 13 11 38 36 20 3 5 11 10
5 86 11 19 25 35 21 3 8 6 9
X 69 11 23 33 M 17 3 8 9 9



Unwelghted-means analysis of variance on the dimcrimination training of Experiment 2.

TABLE 5

Trials Data Response Rate Data
Source SS df MS F_ SS af MS F
Groups (€) g2b.58 3 274.86  3.19 17181.88 3 5127.29 2.3
Subjects within groups  860.91 10 86.09 24512.9% 10  2415.29
Stimuli (S) 7670.84 3 2556.95 56.96%** 117951.35 3 39317.12 27.27***
Trials (T) 136.08 4 .02 1.88 3103.15 4 775.79  3.45*
GxS - 432.86 9 48.10 1:07 | 7923.15 9 880.35 .61
CxT . 203.48 - 12 16.96 .9 ﬁ 1480.82 12  123.80 .55
SxT _ | 10%.32 12 88.03 -Hm.@q.: / 17415.90 12  1451.32 11.96% %%
GxSxT | 455,15 36 12.67 1.85%+ 4536.78 36 126.02 1.04
Error 1 - 146,73 30 44 .89 43246.00 30  1441.53
Error 2 724.68 4O 18.12 9000.27 &0 225.01
Error 3 B823.19 120 6.86 14560.86 120

121.54

*pc.05 *¥p¢.01  ***pg.0001



Table 6:

Group

40/6D

40/3C

20/3D

Mean response rate and proportion of trials. each stimilus
was responded to within each group for each block of four

sessions in the autoshaping procedure of Experiment 2.
(Predicted stimulus follows group name )

Reaponses per minute

Trlal Block

A
49
2 L8
48

o
&
=

»<l
¥ e v && F &9

»l

Stimulus

B

c

66
65

&
=

¥ 88 & & F EQ¥8 w8 8 & & °

A

%o
40
37

L7

M7

45
47

Stimulus.

B
45
L6

A5

L7

c

L6
b5,
45
43
41
L2

&

E % & & &

Proportion of trials

& 8

Fa
s



TABLE 7

Unwelighted-means analysis of variance on #Em,:ﬁ#aasnﬁwsm procedure of Experiment 2,

Source

S5

Trials Data

df

M5

Response Rate Data

]

af

MS

F

Groups (G)

Subjects within groups

wisapﬁﬁ
Trials (T)
Egn

GxT

ST

GxSxT
Error 1
EBrror 2

Error 3

.22

3.71

.05
12
.18
.35

.69
1.74

3

21
21

63

70

210

07
.33

.02
.02
.02
.02
.01
.01
03
.01

.01

.55
1.69

1.67
1.37

1.26

B170.73
2447681 .12

1766.85
509.07
4738.62
5081.95
5552.90
11848.00
14106.81
1569%.16
33618.39

21

21

70

2723.58

24768.11

588.95
72.72
526.51
242 .00
264 .42
118.06
470.23
224 .20

160.09

-1}
®

1.25




Table 8: Mean response rate and number of trials each stimulus was
responded to within each group for each session of Expgriment
3. (Predicted stimulus follows group name ) :

Responses per minute Number of trials

Stimilus - Stimulus _

Group  Trial Block A B C D X A B C D X
80/6c 1 57 72 77 51 64 7 9 7 6 7
2 11 '17 15 11 14 3 3 3 2 3

3 16 7 8 8 10 2 2 2 1 2

X 28 32 33 23 29 bbb 3 b

_ lo/6D 1 % 53 % 63 56 8 7 7 9 8
2 25 43 29 32 33 3 5 4 5 b

3 4 5 12 10 8 01 2 2 1

T B EEEEEEEEE

40/3C 1 68 91 95 80 83 9 10 10 10 10
o 2 60 s 6+ 60 60 T 6 6 77
3 17 24 20 18 20 2 3 3 & 3

X 48 57 60 53 6 7 6 7 .6

20/3D 1 78 89 82 80 B2 10 11 1 10 10
2 75 73 73 80 75 9 910 9 9

3 55 57 66 55 B 7 8 9 8 8

X 70 73 M 71 72 8 9-10 9 9
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TABLE 9

Unweighted-means analysis of variance for the extinction procedure of Experiment 3.

Trials Data Response Rate Data

Source SS af MS F ss af mS F
Groups (G) - 701.95 3 233.98 3.88 50117.73 3 16705.91  1.38
Subjects within groups mou”ow 10  60.30 120671.10 10 12067.11
Stimulus (S) 8.19 3 2.73 2.35 | 1064 .04 3 354.68 N.mm.
“Trials (T) 783.88 2 391.9% 33.75%** 62064.39 2 31032.19  14,73%»
GxS 30.71 9 41 2.9 793.80 . 9 88.20  0.57
GxT 92.71 6 uu.:u 1.33 11558.61 6 1926 .43 0.91
SxT 11.07 6 1.8+ 1.16 7.7 6 128.63  1.15
CxSxT 27.96 18 1.55 0.98 2611.46 18 145.08 1.30
Error 1 .88 30 1.16 L673.34 30 155.78

Error 2 232.24 20 11.61 42127.51 20 2106.738

omwnoa 3 95.5%4 60 1.59 6699.81 60 111.66

*p<.05 *#*pC.0005 ***p<(,0001
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