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INTRODUCTION

The concepts of stimulus aftereffects and perservative
traces have been hypothesized to account for a variety of
experimental findings in which differential responding occurs
in the vresence of nondifferentiasl external stimuli. Dif-
ferential resvonding under these conditions presumably occurs
on the basis of the aftereffects of antecedent stimulil and
responses, The eXistence of internal stimull mediating temporal
intervals has been used to explaln the FI scallop effect
(Skinner, 19238). Other examples of differential responding
in the absence of differentiasl external stimull include
temporal conditioning (Pavliov, 1928, v 41), delayed matching
to sample (Smith, 1967; EBerrymen, Cumming, & Nevin, 1G63;
Blough, 1959}, delayed reward in the absence of differential
stimull during the delay (Grice, 1948; Perkins, 1947), and
sequence effects such as the single alternation effect
(Capaldi, 1967). 1In temporal conditioning there is no
external CS and the US is presented at regular temporal inter-
vals, In a delayed matching to sample task the subj)ects must
match the test stimulus to a sample stimulus which is no longer
present., In a nondifferential delayed reward procedure, sub=-
Jects are detained in g nondifferential delay compartment for
various periods of time after making the response and before
beins permitted access to reward. The single alternation

effect refers to the situation in which the single alternation

.}
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of rewarded and nonrewarded trials eventually results in lower
responding on nonrewarded (N) tralls than on rewarded (R)
triale, Thls effect has been found in the stralght alley run-
" way (Capaldi, 1967), in a discrete trials lever pressing sit-
uation (Gonzalez, Rainbridge, & Bitterman, 1966), in a classi=-
cally conditioned jaw movement in the rabbit (Poulos, Sheafor,
& Gormezano, 1971), and in human eyelid conditioning (Prokasy,
Carlton, & Higgins, 1967) and electrodermal condltioning
(Longenecker, Krauskopf, & Bitterman, 1952).

In single alternation (SA) straight-alley runway studies
with triels separated by an interval of 15 sec to 24 hrs,
what is typlically found is that rats run faster to the goal-
box on R trails than on N trials. This effect is referred
to as single alternation behavior (SAB) (eg, Capaldi, 1967)
or patterned running in the case of response-dependent appreti-
tive conditioning. Reward occurs regularly only on every
other trial so that each N trial 1s followed by a R trial and
vice~versa, The only differential stimulus is supposedly the
aftereffects of the presence or absence of reward on the pre-
ceding trial.

As an explanation of SAB Capaldi (1967) offers the sequen-
tial hypotheslis. Nonrewarded and rewarded trials are posited
to produce specific and distinctive stimulus aftereffects
which are salient stimulil on the following trial. These
stimulus aftereffects of N and R trials are assumed to
serve as the CS+ and CS-, respectively, and thus as cues

for differential responding on the subsequent trial.
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Single alternation behavior may be largely attributed to
the presence of differentisl stimulus aftereffects; however,
interpretation of sequence effects in the runway 1s complicated
by the possible role of odor cues, Capaldl and Spivey (1964)
obtalned evidence for discrimination between rewarded and non-
rewarded trials using the SA procedure with one trial per day
and a 24-hr inter-trial interval (ITI). Surridge and Amsel
(1965a) failled to replicate their results and suggested that
differential odor cues may have been resPonsible for Capaldi
and Spivey's results, On the other hand, Cavaldi and Lynch
(1966) controlled for odor cues and obtained SAB when N trials
terminated with 120 sec, but not with 30 sec, of goalbox con=-
finement. Amsel, Hug, and Surridge (1969) likewise controlled
for odor cues and failed to revlicate Capaldl and Lynch's re-
sults using 120 sec of nonrewarded goalbox confinement,

Zvidence is accumulating to substantiate Surridge and
Amsel's (1965a) claim that odor cues in the runway are an
important contributor to SAB. Laboratory rats appear to oro-
duce odors which are verceptible to other rats in situations
of differentiel reward-nonreward treatment. These odor cues
presumably modify in both a conditioned and unconditioned
manner the performance of animals run later in the maze
(Morrison & Ludvigson, 1970; Collerain & Ludvigson, 1972;
Sorott, 1969; Mellgren, Fouts & Martin, 1973; Wasserman &
Jensen, 1969; Cheal & Sprott, 1971) and interfere with the

acqulisition and maintenance of differential responding based



on nonolfactory cues (eg., Katz, Woods & Carrithers, 1966;
Amsel, Hug & Surridege, 1969).

Surridge and Amsel (1965a) made the dally order in which
subjects were run within a squad unsystematic and did not ob-
tain SAB with a 24=hr ITI. Amsel, Hug, and Surridge (1969)
have since demonstrated the importance of odor cues in con-
tributing to SAB in the runway sltuation. By manipulating the
within-day order in which subjects were run, they were able
to establish, disrupt, and reestablish SAB with a 24~hr ITI.
Morrison and Ludvigson (1970) and Hardy, Gabiel, and -

Uphold (1971) clearly showed that odor cues left by donor rats
exposed to reward and nonreward served as discriminative stime
uli for rats subsequently run in the maze, If given a choice,
rats avoided the arm of a T-maze in which other rats had pre-
viously been exposed to nonreward in the presence of reward-
associated cues (Collerain & Ludvigson, 1972). Mellgren,
Fouts, and Martin (1973) further demonstrated that rats
approached a location more slowly in which another rat had
previously been rewarded. There is another observation which
provlides evidence for an olfactory interpretation for much of
the runway SAB. On any day SAB develops and becomes more
marked.only after several animals have been run consecutively
on the same condition (Amsel, Hug, & Surridge, 19€9).

Although the bulk of the evidence argues for the presence
of odor cues lald down by frustrated or rewarded rats as one
of the princival contributors to SAB in the runway, other

varlables are of importance in SAB. The magnitude of reward



(Ludvigson and Gay, 1966), the duration of nonrevwarded and
rewarded goalbox confinement (Surridge & Amsel, 1965b), and

the massing of trials (Capaldi and Stanley, 1962; Katz, Woods,
& Carrithers, 1966) have all been shown to influence SAB in

the runway. When suitable controls for olfaction are not
employed 1t is possible that these variables may influence

the magnitude of odor trials produced by rats and thus SAB

in the runway situation. Katz, Woods, and Carrithers (1966)
used an SA procedure and controlled for odor effects by alter=-
nating two daily orders of R and N trials for each subject.
Half of the subjects in each group began each day's trials with
an R trial and the other half with an N trial. The daily order
in which the subjects within a group were run was also varied,.
Katz and his assoclates obtained SAB with 15 sec and 2 min ITI's,
but not with a 20 min ITI. Capaldi and Stanley (1962) did not
enploy similar controls for olfaction and obtained evidence

for SA3 with ITI's of 15 sec, 2 min, and 10 min when the order
in which each group was run was fixed. By nixing the daily
order in which subjects from each group were run, SAR was

also obtained with a 20 min ITI. A subject from the 20-min

ITI group was run alternately with a subject from the 15 sec
ITI group, with a 1l5-sec subject running first. If a stronger
odor trlal 1ls produced with a shorter ITI condition, the pre-
sence of odor cues from a 15 sec subject may provide discrim=-
inable cues for the 20 min subject. It is entirely possible

that SAE under nassed conditions such as Katz et al (1966)



used can be attributed more to learning where discriminative
stimull are not odor cues, although SAB under more spaced
conditions may be largely dependent upon odor cues,

In one respect a response-independent procedure is
better suited to demonstrate the sequential effect in the
SA situation. 1In the response-dependent runway situation the
sequentlal effects may be minimized due to the presence of
secondary reinforcing properties that N trials may acquire.
Since each N trial pnrecedes an R trial, a chaining effect
could develop in which the subject, loosely speaking, responds
ravidly on an N trisl in order to get to an R trial. Use of
a response-independent procedure would minimize such chaining
effects.

Recently Poulos, Sheafor, and Gormezano (1971) hypothesized
that if a stimulus could control behavior established through
a response-dependent SA procedure, it could also control re-
sponding in a response-independent SA procedure where trials
are defined as presentation of the CS paired or unpaired with
the US. Broadly speaking, in response-independent procedures
the US corresponds to the reward snd the SA procedure consists
of paired CS-US presentations on alternate trials.

The effects of the SA procedure in a classical condition-
ing paradigm using jaw movement in the rabbit as the condi-
tloned response were recently studied by Poulos, Sheafor, and
Gormezano (1971). Holmes and Gormezano (1970) had earlier
employed the same response and falled to obtain SAB with a

small US magnitude. Using the same basic procedure, Poulos



et al varied the magnltude of the US, the amount of water
squirted into the rabbit's mouth, and obtalned clear evidence
for SAB when the larger US magnitudes were employed. Two
other factors may have contributed to Poulos et al's success:
They ran their animals for 30 days for a total of 300 trials
whereas Holmes and Gormezano only ran their subjects for 8
days for a total of 240 trials. Both studies employed a
variable ITI but Poulos et al's mean ITI was somewhat shorter
(105 sec) than was Holmes and Gormezano's (180 sec). Since
it is probable that the sallience of stimulus aftereffects
decreases as a function of time, greater massing of trials
would be expected to facilitate SAB in a response-independent
procedure as it does in response-dependent training. 1In agree=-
ment with the data dealing with SAB in runway studies, Poulos
et al obtained facilitation of SAB when the duration of the
CS was increased on N trials., Conditioned stimulus duration
on R trials had no effect on overall SAB,

The studles of Holmes and Gormezano (1970) and Poulos
et al (1971) used jaw movement in the rabbit as the conditioned
resvonse; other studies using eyeblink in humans (Grant,
Riopelle, and Hake, 1950), conditioning of the nicating mem-
brane in the rabbit (Leonard and Theios, 1967), and eyeblink
in the dog (Vardaris and Fltzgerald, 1969) have falled to find
SAB even though in Grant et al's study the human subjects
verbalized the reinforcement conditions, However, SAB was

obtained in humans with a classically conditioned GSR (Longe-



8

necker, Krauskopf, and Bitterman, 1952) and eyeblink (Prokasy,
Carleton, and Higgins, 1967). In contrast to Grant et al's
(1951) study, subjects in these latter two experiments could
not verbalize the reinforcement contingencies, suggesting the
possibility that subjects' awareness may influence SAB. Using
a human eyelid closure as their conditioned response, Hickok
and Grant (1964) and Hartman and Grant (1962) demonstrated
that prior knowledge of the trial sequence reduced the overall
level of responding during acquisition in a doublé alternation
of US procedure. Grant, Hake, and Rlopelle!s fallurs

to obtain SAB with a classically conditioned eyeblink in humans
may be attributed to a similar generalized inhibition of over=-
all responding. Unfortunately, no studies have systematically
manivulated the role of awareness of the trial sequence in

any human response-independent SA procedure.

There 1s a second possible explanation for Grant et al's
fallure to find SA in humans, Due to large individual dif-
ferences, Prokasy, Carleton, and Higgins (1967) did not ob-
tain evidence for SAB uslng a human eyelid conditioned re-
sponse when they examined group data., Analysis of the data
in terms of individuals revealed that only seven of the 29
subjects did not show alternation behavior. These authors
suggested that since it is concetvable that such individual
dlfferences arise from the subject's instructional set, con-
ditionability of the subject, and other experimental con-

straints, analysis on an individual basis is more sensitive



to the detection of differentlal responding. Grant gt al
analyzed only group means.

The failure to find SAB with a nicatating membrane con-
ditioned response in the rabbit (Leonard and Thelos, 1967)
and an eyeblink response in the dog (Vardaris and Fitzgerald,
1969) may be attributed to variations in procedural details.
In addition to the different response topography, these latter
two studies have fewer overall trials and/or they are run for
a very short period of time with more trials occurring per
day as compared with the runway studies or those using the
Jaw movement in the rabbit as the conditioned response.

A review of the literature revealed no studies to date
that have examined SAB in the pigeon. One method of determine
ing whether a similar effect to that of SAB 1n rats, rabbits,
and humans occurs in pigeons is to employ an autoshaping pro-
cedure. Brown and Jenkins (1968) demonstrated that pigeons
would peck at high rates to a stimulus locealized on the key
if the stimulus immedlately preceded response-independent grain
presentation. 1In an autoshaplng procedure the US is grain
presentation and the CS is response-key 1llumination: both
stimulus presentations are controlled by the experimenter and
are presented independently of the subject's behavior. Every
other CS presentation 1s followed by US presentation. 1In a
procedure in which nondifferential CS's are used on R and N
trials, it 1s assumed that response-key illumination followed

immediately by food presentation would result in stimulus
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aftereffects distinct or at least different from those after-
effects present following only resvonse-key illumination.
These differential stimulus aftereffects should in turn pro-
vide a basis for differentlal responding on R and N trials.

One possible method of manipulating differential stimulus
aftereffects of R and N trials in an SA autoshaping procedure
is to systematically vary the intervals between R to N and N
to R trials using both equal and unequal ITI length conditions,

To the author's knowledge no such attempt has been made,
Other manipulations of H and N trial aftereffects have been
summarlzed above and include manipulation of CS duration and
US magnitude using a classically conditioned jaw movement in
the rabbit (Poulos, Sheafor, and Gormezano, 1971), manipula-
tions such as goalbox confinement duration (Surridge & Amsel,
1965b) reward magnitude (Ludvigson & Gay, 1966) and equal ITI
durations between R and N trials (eg, Capaldi and Stanley,
1962; Xatz, Woods, and Carrithers, 1966) in the response=-
dependent runway studies. For the latter manipulation the
ITI between R to N and N to R trials is always of the same
length,

Pilot data suggested a fallure to obtain differential
responding when noncontingent 4=-sec food presentations followed
every other 8-sec CS presented every 120 sec. Fallure to
obtain SAB here may be related to the presence of nearly
equal length ITI's and to the long interreinforcement inter-

val (IRI) used. In order to determine whether SAB would be
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obtained in the plzeon with equal and differential ITI lengths,
trhe following two experiments were designed using response-
independent presentation of stimuli. Experiment I consisted
of one group in which food presentations followed every other
CS presentation regardless of what the bird did. This group
started with pfesentation of the CS= 1lmmediately following re-
traction of the feeder. A bl~sec IRI (measured from feeder
reaction to onset of the subsequent grain presentation} was
used, The interval between feeder retraction and onset of the
CS= wgs increased in discrete steps until food presentations
were 120 sec apart. When steady state performance was reached
with an IRI of 120 sec, the original training condition was
reintroduced (64 sec IRI). The interval between CS=(N trial)
offset and CS+(R trial) onset was held constant.

Experiment II conslisted of three groups and examined SAR
with equal and unequal length ITI's, One group began with
8-sec ITI's between trials (8 sec group). These ITI's were
simultaneously increased untill CS responding was nondifferential.
A second group, the 14 sec gzroup, began with the equal ITI con-
dition previous to the occurrence of nondifferential resronding
in the 8 sec group. PBoth of these groups were similar to
Experiment I in that nondifferential CS presentations were
used on R and N trials,

A third group served as a comparison condition for the 8
sec group. It is possible that with such a short IRI (24 sec)
in the beginning of training that autopecking would occur

throughout the entire periocd between grain presentations or
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at least to CS presentations on both R and N trials. If this
is the case, then differential responding to differential
CS's on R and N trials should be minimized. The differential
cue group examines this possibllity. Procedurally this group
is similar to the 8 sec group except that for the former dif-

ferential stimuli were presented on R and N trials,

Experiment I
Methods
Subjects
Eight experimentally naive White King pigeons obtained
from a local subpplier served as subjects, After arrival all
birds were fed ad 1ib for two weeks or more and then were
reduced to and maintained at 75% of their free-feeding weights
throughout the experiment. Birds were housed in a 24-hr arti-
ficially illuminated colony room in individual cages with

free access to grit and water,

Apnaratus

Four 3% x 38 x 32.5 cm (inside dimensions) plywood exper-
Imental chambers were used, Each contained a translucent
Gerbrands response key located 4 e¢m directly above the upper
part of the aperature of the Lehigh Valley grain feeder. The
lower portion of the 4 x 4 cm opening to the grain feeder was
L.0 cm above the masonite floor. The interior of the chamber
was palnted flat gray throughout, A small plexiglass window
covered with oraque materlisl in the door of the experimental

chamber pernmitted viewlng of the subjects. A relay mounted
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inside the chamber and behind the steel intelligence panel
provided auditory feedback whenever the bird made a response
by striking the key with a force of 7 N or more.

A 10w lamp mounted above the grain feeder and behind the
intelligence panel 1lluminated the aperature of the grain
feeder whenever grain was accessible. A 6w frosted Christmas
tree light mounted above a round opening covered with trans=-
lucent plastic and centered in the ceiling of the experimental
chamber provided general illumination at-all times except dur-
ing grain presentation. The response key was transilluminated
with a blue light,

Masking noise in the room and ventilating fans located in
each individual box effectively masked extraneous sounds.
Noise level inside experimental chambers ranged from 73 to 76
dB's (measured on the A scale of a General Radlo Co sound level
meter). An eight-channeled tape reader, relays, and other
standard programming equipment scheduled grain presentation
and other stimulus events. The total number of responses to
the CS+, CS=, and to the ITI's preceeding R and N trials were
recorded separately on Sodeco counters and Lehigh Valley print-
out counters, All programming and recording equipment were
located in an adjacent room and simultaneously controlled

programmed events in all four experimental chambers.

Design
After completion of feeder habituafion the birds were

glven response-independent SA training with nondifferential
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CS presentations on N and R trials., During the first phase
of training the CS- onset was simul taneous with retraction of
the feeder, A 56-sec key dark period (ITI) followed CSe off-
set and preceded the subsequent CS+ onset. During the follow=
ing phases of training the ITI preceding the CS+ was held con=-
stant at 56 sec and the period between feeder retraction and
CS~- onset was increased in several steps until this ITI was
56 sec (56=-56 sec ITI condition). At this point the original
training condition (0-56 sec ITI condition) was reintroduced

to determine if the original behavior could be recovered.

Training

Birds were feeder trained according to the following pro=-
cedure: With the response key covered with gray tape and
grain accessible, each deprived bird's head was held over the
feeder until it had been eating the mixed grain for 30 sec,
at which time the pigeon was released and the door of the
experimental chamber closed. The interval between grain
presentation was increased and the period of grain access
decreased until the bird approached and ate from the tray
within 4 sec. All birds successfully completed this phase in
one day, The next stage of training began on the following
day. With the response key still covered, grain presentations
occurred at the same frequency as they would in the beginning
of autopeck training (every 64 sec) for a total of 30 grailn
presentations. The first few grailn presentations were ex-

tended beyond the usual 4 sec if the subject was not approach-
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inz and eating within 4 sec. All birds successfully completed
this stage of feeder habituation in one day by approaching and
eating on three out of the last five lb-sec graln presentations.

The procedure employed in the beginning of autopeck traine
ing 1s shown in Table 1., For the various ITI conditions shown
in Table 1 the number to the left of the hyphen denotes the
ITI duration preceding CS- onset and the number to the right
1nd1cateé the ITI duration preceding CS+ onset., The sequence
of events was: U-sec of the conditioned stimulus (CS), offset
of the CS and simultaneous graln presentation for U4 sec, feeder
retraction and onset of the next 4-sec CS. The CS vreceding
and following grain presentation was blue, The interreinforce-
ment interval (IRI) was 64 sec. On the eleventh day of train-
ing the interval between feeder retraction and onset cf the next
CS was increased in one step from 0 to 4 sec (64 to 68 sec IRI).
Subsequently the latter interval was successively increased in
steps from 4 to 8 sec, from 8 to 16 sec, 16 to 32, and from 32
to 56 sec, lncreasing the IRI from 68 to 72, 80, 96, and 120 sec,
respectively. There were ten consecutive dally sessions of each
of the 0~56 through 56-~56 seec ITI's. Pilot data obtained under
sinilar conditions indicated that 10 days was long encugh to
obtaln asymptotic performance. On Day 61 the 0-56 sec ITI condi=-
tlon was reintroduced for elght days to determine if the original
btehavior could be recovered.

The house light remained on except durlng grain presenta=-
tion, and the response key was illuminated only durins stimulus

presentation. A dally sesslon consisted of 30 presentations
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each of N trials (CS not followed by grain) and R trials (Cs
plus grain). The first trial of each session was always an

R trial.
Results

With the exception of Bird 9 who began off-key responding
to the CS+ after reintroduction of the 0-56 sec ITI condition,
high dally rates of autopecking to the CS+ were obtained fron
each btird on the last four days for all ITI conditions. Rates
ranged from 1.0 to 4.4 pecks per second, A daily index of dif-
ferentlial CS responding for each subject was obtained bty divié-
ing the total number of responses to the positive CS by the
total number of responses to the vositive and negative CS's.
Prior exprloratory work indicated that this measure was less
sensltive to day-to-day rate fluctuations than was a measure
based on rate of resvonding to the CS-. Since for most birds
the rate of pecking to the CS+ was stable, changes in the indices
reflect primarily changes in the rate of pecking to the CS-.
Using this index, nondifferential responding to the CS's ylelds
a discrinination index of 0.5; more responding to the positive
than negative CS results in a discrimination index between 0.5
and 1.0, and below 0.5 if there 1s more responding to the nega-
tive CS.

Figure 1 presents the mean Index for all 8 birdc on each day.
Bird 9's data was not included from Day 65 through the end of
training due to off-key pecking to the CS+. When the ITI follow-



Figure Caption

Flgure 1. Mean index of differential CS resvonding for
each day for Exveriment 1. This index was obtained by
averaging together the individual indices of differentisal
CS responding (number of resvonses to CS+ divided by

number of responses to the €S- and CS+ for each day).

18
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ing feeder retraction (negative ITI) was increased from 0 to 4
sec and from 4 to 8 sec, the discrimination index dropped re-

flecting an increase in responding to the CS-, This downward

trend continued as negative ITI increases were instituted froxz
16-56 throush 56-56 sec, with nondifferential CS responding on
the 56-56 sec ITI condition., The behavior of the first phase

of traininzg was recovered when the 0-56 sec ITI condition was

reintroduced.

For the 0-56 through 56-56 sec ITI conditions analyses'of
varlance and post-tests were performsd on the indices of dif-
ferential CS responding for the last four days of each cordi=-
tion. Due to mechanlcal failure data was not available for
Birds 9 and 11 for Lay 28 of the 8-56 see ITI condition. For
these subjects only the analyses were performed on the last
four days on which data was aveilable (Days 26, 27, 29, and 30).
A2 x5 x b (squads x treatments x days) ANCVA with repeated
measures on the last two factors indicated no significant main
effects or interactions invelving days or squads. Thus there
was no evidence that asymototic btehavior had not been reached
or that performance of squads differed. A significant treat-
ments effect was obtalned (F = 7?4.1, 4f 5,30, pg .01). Two-
talled Scheffe comparisons on the treatments factor revealed
that with ITI conditions of 8«56 or less (0-56, 4-56, £-56)
the anount of differential responding to the CS's was not
slgnificantly different (p».05). Eowever, when the nezative

ITI exceeded 8 sec (16-56, 32-56, and 56-56 sec ITI conditions),
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the index of differential responding decreased as the negative
ITI was increased with statistically significant differences
between each successive condition (p<« .0l). A mean index of

CS resvondings for the last four days of the 56-56 sec ITI con-
dition was obtained for each subjlect, 4 t-test performed on
these mean indices revealed nondifferential responding (p> .05).

Figure 1 indicates that an abrupt increase in differeantial
CS resvonding occurred when the 0-56 sec ITI condition was
reintroduced. Asymptotlic behavior on the latter condition was
no different from that of the original 0-56 sec ITI condition.

The dally indices of differential CS responding for each
bird are presented in Flgures 2a and 2b, The presence of
individual differences indicates that subjects were not equally
sensitive to increases in negative ITI duration.

Upon reintroduction of the 0-56 sec ITI condition, Bird 9
inecreased the amount of off-key pecking such that most of his
pecking during the CS+ struck the intelligence panel near the
perimeter of the key and was not reco?ded. For this rescon,
this subject was not included in either Figure 1 or Figure 2a
from Day 65 through the end of traininz. Except for Bird 9's
off-key pecking to the CS+, his observed behavior was very
similar to the other subjects!'! in that almost all pecking during
the stimulus for the reintroduced 0-5%6 sec condition was con-
fined to the CS+.

Tabtle 2 presents for each bird a mean rate of responding
per minute during the ITI preceding onset of the CS= {(negative

ITI) and CS+ (positive ITI) for the last four days of each ITI
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Figure Caption

FMgure 2a., Daily individual indices of differential CS
responding for Squad 1 of Exveriment 1. These indices
were obtained for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS-~ and CS+ for each day.
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Figure Caption

Figure 2b, Dailly individual indices of differential CS
responding in Squad 2 of Experiment 1., These indices
were obtained for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS- and CS+ for each day.
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condition. It also presents daily individual rates of resnond=-
ing to the positive and negative ITI's for each of the last four
days of each condition. It should be noted that except on the
56-56 sec condition the negative ITI was always of a shorter
duration than the positive ITI. Since no separate measure was
taken for the first period of the positive ITI egual in dura-
tion to the negative ITI, no statistical analyses were performed,
As Table 2 deplcts, 1little positive ITI resvonding occurred to
the 0-56 sec ITI condition, and informal analysis of the data
and observation of the birds revealed that when it occurred,
over two thirds of it was confined tc the last half of the
posltive ITI. Thils same patterning of positive ITI resvonding
was present across conditions for all birds. The birds seemed
to mediate ﬁime since CS- offset with typical behavior including
avoidance of the key by walking or turning away from it after
CS- offset and increased head bobbing and key orientation as
the ITI vprogressed. Approximately 15 sec before onset of the
R trial, the birds would generally move in closer to the key
and head bob and/or peck on or near the key.

As the length of the negative ITI increased, the rate of
negative ITI responding increased for four of the birds, but
until the introduction of the 56-56 sec ITI condition, little
negative ITI responding occurred in comparison to positive ITI
responding, Examination of Table 2 also reveals that three sub-
Jects never resvonded to the negative ITI, three showed increased
negative ITI responding as the negative ITI was increased, and
two others showed no trend, In addition, ITI behavior did not

correlate with CS responding.



28

Even though nondifferential responding to the CS's occurred
on the 56-56 sec ITI condlition for all except Bird 63 (cee
Flgures 2a and 2b), a two-talled t-test performed on the mean
negative and positive ITI rates for each subject revealed a
higher rate of responding to the positive ITI (p< .01)., Only
Bird 49 railed to respond more to the positive than negative
ITI's on the 56-56 sec ITI condition.

Experiment II

Experiment I examined R and N trial stimulus aftereffects
by increasing the negative ITI and holding the positive ITI
constant until both ITI's were of equal duration. In contrast
the 8 sec gzroup of Zxperiment II began with equal ITI's between
R-N and k=R trials, and these ITI's were successively increased
un£11 grain presentations were 60 sec avart (26-26 sec ITI
condition) at which time nondifferential responding to the
CS's occurred. Like Zxveriment I this group also received
nondifferential CS vresentations on R and N trials. Another
nondifferential CS group the 14 sec group began with the equal
ITI condition (14-14 sec) previous to the development of non-
differential R and N trial resvonding in the 8 sec group. The
14 sec group was changed from an equal (14=14) to an unequal
ITI condition (14-56) to determine if the increase in the
positive ITI would improve asymptotic performance. A third
grcun, the differential cue group, in contrast to the other
groups of “xperiments I and II, recelved differential stimull

on R and N trials., This groun served as a comparison condi-
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tion for the B sec grouv to deternine whether differentiel
R and N trial responding would occur with a 24 sec IRI in
the beginning of training and be maintalned as the IRI and
ITI's were lengthened. Fallure to obtain marked differential
responding with short IRI's would sugegest that plgeons cannot
discriminate between stimuli with response~indevendent food
presenfations occurring in close temporal proximity. Pro-
cedurally this group was otherwise similar to the 8 sec group,
excent that the differential cue group received additional

training on a 56-56 sec ITI condition (120 sec IRI).

Method

Subjects

Twenty experimentally nalve White King pilgeons served as
subjects. There were eight subjects each in the 8 sec and
the 14 sec grouvs, and four subjects in the differentisl cue
group. Mainfenance of the subjects throughout Exveriment II

was identical to that of Experiment I.

Avparatus

Four plywood experimental chambers similar to those used
in Experiment I were enclosed in separate sound-attenuating
chambters, Iasking noise ranzed from 73 to 77 dR's in the
individual chambers, Data was recorded on a Gerbrands six-
channel event recorder, and the number of resvonses to the
C5+, CS-, and total ITI responses were recorded separately on
Sodeco counters, With the exception of resvonce key transtillu=-

mination, to be dlscussed below, all other apparatus detaills
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were similar to Experiment I.

Traininz

The procedure used for feeder habituation in Experiment II
was identical to that of Experiment I. No subjects were elimi-
nated for faliling to meet feeder habituation criteria and each
phase of feeder training was successfully completed in one day
by every tird.

Table 3a presents the training conditions for the 8 sec
group., The vprocedure for this group differed from Zxperiment
I in that the former started with 8-sec ITI's between feeder
retraction and onset of the followling stimulus on the key angd
between offset of the latter stimulus and onset of the next
b-sec CS. ©n Day 37 both of these 8-sec ITI's were simultan=
eously increased to 1L sec, lengthening the IRI from 24 to 36
sec. Cn Day 58 the ITI's were again simultaneously increased
from 14 to 26 sec, increasing the IRI from 36 to 60 sec. Train-
ing continued for a total of 72 consecutive days. The number
and order of dally CS presentations for all groups of Experiment
II were identical to those of Experiment I. A procedural ir-
regularity on Lay 57 for Subject 737 conslisted of intermittant
feeder malfunction.

Exveriment II differed from Experiment I in terms of the
color of response=-xey transillumination. For Experiment I
resvonsae-key 1llumination was blue for all subjects. However,
for each subject in the B and 14 sec groups of Experiment II
the response key was transilluminated either blue, red, yellow,

or green with each subject receiving only one of these four
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colors throughout training. Unpublished work (Perkins, per-
sonal communication) indicates that color of the CS is not an
important determiner of rate of pecking in an autoshaping
paradigm,

A second group, the 14 sec group, began with a 1l4=14 sec
ITI condition. As Table 3b indicates, instead of simultan-
eously increasing the 14=14 sec ITI's to a 26-26 sec, the
ITI's were changed to 14=56 sec to determine if increasing
the positive ITI duration would improve performance. Subjects
received 30 days of consecutive training on the 14-14 sec
ITI condition and 18 days of consecutive training on the 1l4=56
sec ITI condition.

A third group, the differential cue group, served as a
comparison condition for the 8 sec group to determine whether
differential CS responding would be established with grain
presentations occurring every 24 sec in the beginning of
training (8-8 sec ITI condition) and be maintained as the
ITI durations were increased., If responding occurred through-
out the entire period between grain presentations or at least
to CS presentations, then differential responding to differen-
tially colored response-=-key presentations would be minimized.
This differential cue group was similar to the 8 sec group
with two exceptions: First, for the former the CS immediately
preceding grain presentation was of a different color than was
that following grain presentation (B-Y, R-B, G=R, or Y=G).

Secondly, additional tralning was given on a 56=56 sec ITI
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condition with a 120 sec IRI. The only procedural irregularity
was interamittant feeder malfunction on Day 17 for Subject 68.

Subjects recelved a total of 24 days of training.
Results

The mean dally index of differential CS responding for all
four btirds in the differential cue group shown in Figure 3 re=-
veals that performance was very similar for all conditions.
Analysis of varlance and post-tests on the treatments (Scheffe
and planned orthogonal F conmparisons) revealed no significant
differences tetween conditions (p> .05). There were no signi-
ficant interactions or main effect involving the days factor
(p> .05). These results indicate that birds can easily dis-
criminate between highly distinctive external stimuli in an
autoshaving procedure when food presentations occur as often
as every 24 sec; secondly, these conditions are conducive to
maintenance of the same level of differential resvonding even
though ITI's are increased,

Flgure 4 presents the mean index of differentisl CS re-
sponding for each day for the 8 sec group. As Figure 4 de-
plcts, indlices of differential CS responding are inversely
related to ITI duratiocn, with nondifferential resvonding con
the 26-26 sec ITI condition. This consistent decline con-
trasts to the findings of the differential cue group. With a
24 sec IRI (8-8 sec ITI condition) very few birds attained
indices of 1.0 which were quite common for the differential

cue group under similar ITI conditions.
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Figure Caption

Figure 3. Mean index of differential CS responding for
each day for the differential cue group. This index was
obtained by averaging together the individual indices
of differential CS responding (number of responses to

CS+ divided by total number of resvonses to the CS- and
CS+ for each day).
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Figure Caption

Figure 4, Mean index of differential CS responding for
each day for the 8 sec group. This index was obtained
by averaging together the individual indices of differ-
ential CS resvponding (number of responses to the CS+
divided by total number of responses to the CS- and CS+

for each day).
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Subject 30's data were not included in Figure 4 from Day
50 through the end of training. Observation revealed that
most of his necking durineg the CS+ was off the key and not
recorded, glthough his observed behavior was in other re-
spects sinmilar to the other subjects!, His inclusion in cal-
culation of the mean indices until Day 49 did not, however,
aporeciabllity affect the data plotted in Figure 4.

For reasons cited above Bird 30 was eliminated@ from ANOVA
and freatments post-test analyses., No maln effects or inter-
actions invelving days or squads were significant when a
2 Xx 3 x4 (squads x treatments x days) ANOVA with repeated
measures on the last two factors was performed on each sub-
Ject's indices for the last four days of each condition. A
significant treatments effect was obtained (F = 8,25, d4df 2,10,
p< .01}, Post-tests on the treatments factor disclosed that
asymptotlic indices were inversely related to ITI length: 4if-
ferential resvonding to R and N trials on the 8-8 sec ITI con-
dition was significantly different from that on the 14-1L4 sec
ITI condition, which vas significantly different from the 26-25
sec ITI condition (multiprle F comparisons, Scheffe comparisons,
p< .01).

Figures 5a and 5b present indices of differential CS respond=-
ing for the individual subjects in the 8 sec grouvr. Subject
30's data are not included after Day 49. Individual differences
indicated by these figures reflect that -subjects were not
equally sensitive to ITI increases.

The mean dally indices of differential CS responding for



Figure Caption

Figure 5a, Daily individual indices of differential CS
responding for Squad 1 of the 8 sec grouv., These indices
were calculated for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS- and CS+ for each day.
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Flgure Caption

Flgure 5b, Daily indlvidual indices of differential CS
responding for Squad 2 of the 8 sec group. These indices
were calculated for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS- and CS+ for each day.
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the 14 sec group are presented in Figure 6, Due to off-key
pecking to the CS+ Bird 10's data are not included from Day

37 through the end of training. In other respects his behavior
was similar to the other subjects' and his inclusion up to this
point was not solely recponsible for the marked decrease in the
indices when the 14=56 sec ITI condition was introduced. All
of the blréds evidenced nondifferential R and N trisl responding
on the first few days after ITI conditions were changed. Fizures
7a and ?7b present the dally individual indices and, again,
individual differences are evident. A 2 x 2 x 4 (squads x
treatments x days) ANCVA performed on the indices for the last
four days of each condition disclosed no significant main effects
or interacfions involving either days or squads. A nonsignifi-
cant treatments effect (F = 0.9, éf 1,5, 0> .05) was obtained.
A mean index for each subject for the last four days was ob-
tained for the 14-14 sec ITI conditions of the 8 sec and 14 sec
groups, and for the 14-56 sec ITI condition of the 8 see group
and the 16-56 sec ITI condition of Experiment I. Mann-Whitney
U-tests showed that differentiazl R and N trial responding on
the 1L-56 sec ITI condition was not reliably different fronm
that of the 16-56 sec ITI condition of Experiment I (U = 24,

P> .05). Likewise, differential responding of the 14 sec group
on the 14-14 sec ITI condition did not differ from that of the
8 sec group on the 14-1l sec ITI condition (U = 23, p> .05).

ITI analvses

Svent recordings for the last four days of each ITI condi-



Figure Caption

Figure 6. Mean index of differentlal CS responding for
each day for the 14 sec group. This index was obtained
by averaging together the individual indices of differ-
ential CS responding (number of responses to the CS+
divided by the total number of responses to the CS- and
CS+ for each day).

s
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Filgure Caption

Figure 7a. Dally individual indices of differential CS
resvonding for Squad 1 of the 14 sec group. These indices
were csalculated for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS~- and CS+ for easch day.
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Figure Caption

Figure 7b. Daily individual indices of differential CS
responding for Squad 2 of the 14 sec group. These indices
were calculated for each subject by dividing the number
of responses to the CS+ by the total number of responses

to the CS- and CS+ for each day.
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tion were examined and a mean index of differential ITI respond-
ing was obtalned for each subject by dividinz the mean amount of
negative ITI's on which there was at least one resmponse by the
sum of the mean number of ocecassions on which responding occurred
to toth the negative and positive ITI's, For all conditions ex=-
cept the 1b-56 sec ITI condition of the 14 sec group, these data
were obtained for equal negative and positive ITI conditlons.
It should be noted that this measure differs from the ITI rate
measure used in Experiment I and the measure of differential
responding to CS's. Each type of ITI occcurred 29 times during
a daily session. Tables 4, 5, and € present these dats as well
as the daily number of trials on which a subject responded at
least once to the positive and negative ITI's for the differen=-
tial cue group, the 8 sec group, and the 14 sec group, respective=-
LY

Examination of the mean data presented in Table 4 for the
differential cue group parallels the trend for positive ITI
responding seen in Experirent I. With the exception of the
26=26 sec ITI condition, two-tailed multiple t-tests performed
on the mean ITI indlces described above showed that the birds
responded to significantly more positive ITI's (8-8, p< .0l;
1L-14, p< .05; 26-26, p> .05; 56-56, p< .01). Although Birad
63, a low responder, deviated from this trend, the other three
subjects of the differential group on the 26-26 sec ITI condi=-
tion resvended more to the positive than. negative ITI's. Due
to mechanlical fallure no data was avallatle for the last session

of the 8-8 sec ITI condition (Day 9) such that analyses for
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this conditlion was based on three instead of four days.

Positive ITI responding for the differential cue group
was not primarily confined to the second half of the positive
ITI as in Experiment I nor was it inhibited during the first
few seconds after CS- offset. Typlcally, 1f there was respond-
ing during the positive ITI, it tegan at CS- offset and con-
tinued throughout the interval. Bird 68 was the sole exception
in that he made few ITI responses and maintained no consistent
negative or positive ITI response patterning on the 8-8 sec and
26-26 sec ITI conditions., Cn the 14-14 sec ITI condition, how=-
ever, what few responses he rade to the positive ITI's were
confined to the period just before CS+ onset.

In contrast to the negative ITI results of the other groups
of this study, Tatle 4 indicates that Birds 29 and 70 of fhe
differential cue grouv resvonded a great deal to the negative
ITI. When these blrds pecked during the negative ITI they
pecked throughcut the CS+, negative and positive ITI's, but
seldom to the CS=. Bird 15 of the 14 sec group was the only
other blrd to demonstrate this type of ITI responding which
occurred on five 3=N=R trial sequences on Day 30.

As seen 1in Table 5 1ittle negative ITI resvonding occurred
for the 8 sec group in contrast to the differential cue grouv
and tre blrds responded to significantly more positive ITI's
for all conditions (two-talled t-tests, p< .0l). Informal
analyses revealed that although positive ITI responding was
generally inhibited only for the first few seconds following

CS= offset, Birds 30 and 778 confined almost all of their
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positive ITI responding to the last half of the positive ITI.

The latter pattern of positive ITI responding is similar to
that of Experiment I.

Due to mechanical fallure and experimenter error, the
above anslyses for the 8 sec group were based on data of either
two or three of the last four days for the 26-26 sec ITI condi-
tion and on three days for Birds 737 and 30 for the 8-8 sec ITI
condition as Table 5 indicates. Responding on these days was
similar enousgh to that of the last six days on which event re=-
cording were avallable for these conditions to yield a reason-
ably accurate estimate of the blrds' ITI behaviors.

Consistent with the pvositive ITI results from the other
groupns of Zxperiments I and II, multiple t-tests performed on
the mean indices for each subject in Table 6 demonstrated that
the 14 sec grouv responded significantly more to the vositive
than negative ITI's on the 14-14 (p< .05) and the 14-56 sec
(p< .01) sec ITI conditions. Like the B sec grouv their was
no consistent vatterning of negative ITI respondins.

The pattern of positive ITI responding on the 1l4-14 sec ITI
condition was similar to the pattern of responding obtained for
the 8 sec group., Responding began at or soon after CS- offset
and continued throughout the interval. In econtrast, the pattern
of positive ITI resvonding seen in Experiment I was present on
the 14=-56 sec ITI condition in that more than hslf of the re=-

sponding occurred to the second half of the positive ITI.
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DISCUSSION

For the equal ITI conditions differential R and N trial
responding was inversely related to increases in ITI length.
In addition, previous equal ITI tralning did not alter the
obtained degree of differential R and N trial responding when
the negative and positive ITI's were each of 14 sec duration
(8 and 14 sec groups). This effect of trial massing is simi-
lar to that of the response-dependent runway studies when
odor is controlled (Katz, Woods, & Carrithers, 1966) and to
the difference between the studies of Holmes and Gormezano
(1970) and Poulos, Sheafor, and Gormezano (1971) using a
classically conditioned jaw movement in the rabbit as the
conditioned response, However, for the latter two studiles
the length of the variable intertrial interval was confounded
with US magnitude.

According to Capaldi (1967) the aftereffects of the
presence or absence of reward serve as the principal cue for
differential R and N trial responding. The effect of trial
massing in the present study may be explained if one assumes
that the distinctiveness of these R and N trial aftereffects
decreases with the passage of time, However, the present
equal ITI results do not rule out an explanation based on an
increasing probability of responding as a positive function
of time since the last reinforcement. The responding obtained
for any one ITI condition could be thus accounted for, and the

decrease in differential R and N trial responding as the ITI's
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were increased could be due to increased time since last rein-
forcement, I!lowever, the immedlacy with which most birds began
responding at the beginning of the positive ITI following N
trial offset and the contrast in the observed behaviors follow=-
ing offset of the N trial as compared to offset of the R trial
1s suggestive, but not conclusive evidence, that the after-
effects of an R and N trial served as important cues for dif=-
ferential ITI responding for equal ITI conditions,

As compared with the equal ITI conditlions the additional
cue of time since last trial was present for the unequal ITI
conditions. The addition of this time cue may have been pri-
merily responsible for the improved differentisl resvonding
in ZTxperiment I. For the time parameters used in the present
study for the unequal ITI conditions, the duration of the nega-
tive ITI was less than that of the positive ITI, suggesting
that the relative proportion of negative to positive ITI dura-’
tion may te ilmportant in facilitating R and N trial resvondinz.
This could be examined by using ITI and IRI time parameters
longer and shorter than the ones used in the present study and
varying the ratio of the negative and positive ITI durations.
It is not known 1f results similar to those obtained in the
present unequal ITI durations would be obtalned if the negative
ITI were loneer than the positive ITI.

T'wo explanations similar to those offered for the equal
ITI results may be offered for the obtained differential ITI
and R and X trial responding and the patterning of the vpositive

ITI responding of the unequal ITI conditions. Both the latter
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ITI and differential R and N trial responding can be accounted
for if one assumes that the probability of responding increases
with time since last reinforcement. An explanation in terms
of the aftereffects of presence or absence of food on the pre-
vious trial also applies here, A third explanation of the
obtained responding based on the time since the last trial is
also applicable to the unequal ITI conditions. The birds may
be using as a basis for their responding the rule that they

do not respond after each trial for a period equal to or
greater than the length of the negative ITI. A4s the negative
ITI approaches the positive ITI in duration, differential R
and N trial responding on the basis of such cues would become
impossible. The decrease or lack of differentisl R and N
trial responding would then be accounted for by assuming that
the distinctiveness of R and N trials decreases with time.

It should be noted that all of the above cues--time since
reinforcement, time since last trial, presence or absence of
food~-were present in the unequal ITI conditions and may have
been used as cues for responding. Although the present study
does not separate out the relative importance of these cues
for differential ITI and R and N trial responding, use of a
condition in which the negative ITI is 56 sec and the positive
ITI 14 sec (56-14 sec ITI condition) would. The ITI preceding
the N trial (56 sec) is the longer for the latter condition,
in contrast to the procedure used for the unequal ITI condi-

tlons in the present study., If the relative difference in
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negative and positive ITI durations 1s important in facilitating
differential R and N trial responding, then differential CS
responding similar to that obtained for the 16=-56 sec ITI con-
dition of Experiment 1 and the 14-56 sec ITI condition of the
14 sec group is expected., If the birds are responding primarily
on the basis of time since the last trial, responding should
begin approximately 14 sec after grain retraction (R trial off=-
set). If the time since reinforcement is a more important
determiner of responding, then an increasing amounf of respond=-
ing or at least some responding should occur to the latter half
of the negative ITI preceding the onset of the N trial. If the
tendency to autopeck increases as time since reward increases,
an increase in responding to the CS- as compared with that
obtained for the present study for the 14=56 and 16-56 sec
ITI conditions is also expected.

The off-key pecking to the CS+ which developed in some
of the birds in this study occurred frequently enough to be
worthy of future investigation. A change in stimulus condi-
tlons in the form of ITI length or feeder malfunction correlated
with the development of thls behavior in the present study.
Wasserman (1973) has likewlise reported off-key pecking in one
bird when stimulus conditions were changed from a response-key
11lumination, no house light condition to a response-key il=-
lumination plus house light condition. 1In pilot work for
Experiment 1 of the present study, one bird began off-key
pecking after the negative ITI was increased from O to 4 sec.

Similar results were obtalned for Cubject 9 of Experiment 1,



63
Subject 30 of the 8 sec group, and ubject 10 of the 14 sec
group when stimulus condltions were changed. The development
of off-key pecking to the C5+ also correlated with feeder mal-
function in preliminary work for Experiment 1 and may have
been involved in the development of off-key pecking to the
CS+ for Bubject 30 of the 8 sec group., A similar change in
the keypecking topography was noted by Dunham, Mariner, and
Adams (1969). They punished on-key pecking and obtained a
general enhancement in off-key pecking for most birds tested.
In both cases the tendency to autopeck in a food related site-
uation remained although a change in the autopeck topography
occurred.

It 1s interesting to note that for all birds who of f-key
pecked, the off-key responding developed only to the CS+ and
not to the CS-, with the degree of off-key pecking ranging
from slight in some instances to almost total in others. Fre-
quent observation of all groupvs revealed that if responding
to the CS- occurred, the pecking was directed at and struck
the key in all cases., It was not uncommon for off-key pecking
to the CS+ to be followed by on-koy pecking to the CS- on the

next N trial,.
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Flgure Caption

Appendix E. Daily individual indices of differential

CS responding for the differential cue group, Each
subject's index was obtained by dividing the number

of responses to the CS+ by the total number of responses

to the CS- and CS+ for each day.
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ABSTRACT

Pigeons were glven response independent single alterna-
tion training in which every other CS presentation (response
key 1llumination) was followed by food (US) presentation.

Both equal and unequal intertrial interval (ITI) durations
between R to N and N to R trials were used.

Experiment I investigated differential responding in
both unequal and equal ITI case with nondifferential CS presen-
tations by successively increasing the ITI between R to N
trials (negative ITI) from O sec to 4, B, 16, 32, and 56 sec,
while holding the ITI between N to R triasls (positive ITI)
constant at 56 sec., Zxperiment II consisted of three groups.
The 8 sec grouv received nondifferential CS's and was trained
only on equal ITI conditions and these ITI's were successively
increased from 8 sec to 14 sec and from 14 to 26 sec. A
second nondifferential CS group, the 14 sec group, began with
the most spaced equal ITI condition to which the 8 sec group
had responded differentially. This condition was subsequently
changed to an unequal ITI condition by increasing the ITI pre-
ceding the R trial from 14 to 56 sec to determine whether the
unequal ITI condition would facilitate discrimination in spite
of an increase in the interreinforcement interval (IRI). A
third group, the differential cue group, served as a compari-
son condition for the 8 sec group to depermlne if differential
R and N trial responding would develop with very short IRI's

in the beginning of training and be maintained as the ITI's



were increased. Thils group received differentisl stimuli for
R and N trials,

With equal ITI conditions greater massing of trials facil-
itated differential responding to R and N trials. This effect
was independent of previous equal ITI training. When differen-
tisl stimull were emvloyed on R and N trials, no decrement in
differential R and N-trlal responding occurred as ITI's were
increased. Differentisgl resvonding to R and N trials for the
unequal ITI conditions was inversely related to the difference
between the negative and vositive ITI's; the latter was indepen=-
dent of previous equal or unequal ITI training. Several alter-
native explanstions of the results were coffered ss well as a
mathod of separating out the alternatives for the unequal ITI

results.





