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INTRODUCTION

In a classical conditioning procedure one stimulus
such as a bell is followed by a second stimulus (e,g, food)
regardless of what the subject does, The first stimulus is
called a conditioned stimulus (CS) and the second an uncon-
ditioned stimulus (US). Wwhen the response to the CS alone
changes after pairings of the CS and US, classical conditione
ing is said to have occurred, For example, in the classic
Pavlovian experiment (Pavlov, 1927}, sounding the bell result-
ed in conditioned salivation only after prior presentation of
the bell followed by food,

Two studies described by Razran (Popov, 1930 and Ten Cate,
1923 in Razran, 1933) are appropriate for introducing the
present classical conditioning research with pigeons, In
both studies either noise and/or lisht {CS) was paired with
the presentation of food (US) to pigeons. The CS always
preceded the US, and after a number of such pairings tie
animals in both experiments s*owed increased activity upon
presentation of the CS., In more recent research using a
classical conditioning procedure, an 8 sec illumination of a
response key (CS) preceded response independent presentation of
grain in a standard operant box (Brown and Jenkins, 1968).
With this change of anparatus, some of the conrrditioned beha-
viors of the pigeon are usually directed at the stimulus key
and are recorded as pecks to the key. This procedure, called

autoshaping, results in classically conditioned key pecking.



Using a delayed conditioning procedure, Ricci (1973)
found that autopecking is malntained with relatively long
simple and compound CS's (30 and 120 sec). Delayed condi=-
tioning differs from trace conditioning in which an inter-
val (the trace interval) elapses between C5 offset and US
onset, The present study addresses the question, if a long CS
in a delayed procedure results in autopecking, what would
happen with a trace procedure?

According to previous classical conditioning research,
after extended traininmg the CR characteristically occurs dur=-
ing the trace interval, Pavlov (1927, p. 39) noted that in
his doegs conditioned salivation tended to occur near the end
of the trace interval just before the US (1 min CS, 1 min
trace interval), Similarly, Ost and lLauer (1965) found that
the conditioned salivary response occurred in the trace
interval just before therUS although their time parameters
{1 sec CS and 2 to 15 sec between CS onset and US onset)
were shorter than Pavlov's, Using an increase in heart
rate as the CR and shock as the US with dogs, Church and
Black (1958) also found that the CR occurred during the trace
interval when the C35 was of 2 sec duration and the interstimu-
lus interval (ISI) was either 5 or 20 se¢. In this case the
latency of the CR was a direct function of ISI duration. For
the nictitating membrane and eyelid responses no studies have
been reported in which the trace interval is relatively lang,
but studies with short trace intervals suggest that these
responses also tend to occur after CS offset and before US

onset, Schneiderman (1966) showed that with a short CS
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(0.2 sec tone), CR latency increases with ISI (0.25 to 2,00
sec) for the nictitating membrane response in rabbits, For
the eyeblink response, the CR occurs during the trace inter-
val with a 1.5 sec CS and 0,15 or 0,35 sec trace intervals
(Hansche and Grant, 1960)., In conditioned suppression,
Kamin (1965) found that the CR, a decrease in rate of bar
pressineg, was evenly distributed throushout the CS and trace
interval with ISI's on the order of 3 min and shock as
the US, but-he only exposed his animals to 5-10 days of
training, That his results probably would have been differ=
ent after extended training is indicated by a delayed condia-
tioning study by Hammond and Maser (1970). They employed
an ISI of j min with €S termination coinciding with US
(shock) onset and found after extended training the decrease
in the rate of bar pressing was freatest towards the end of
the CS, The above examples substantiate the seneralization
that in trace conditioning the CR tends to occur primarily
durine the trace interval.

It should be noted how autopeckin= differs from the
conditioned response in the typical classical conditioning
experiment, Key peckins has often been classed as an operant
response whereas few of the responses in the above examples
would be so labelled, Also, in the above examples it is
relatively arbitrary what stimulus modality is used for the
CS, or as Pavlov stated it, "any agent in nature which acts
on any adequate receptor apparatus of an orcanism can be
made into a conditioned stimulus for that orsanism™ (1)27,

p. 38)}. In contrast, the lirht must be localized on the
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response key to produce autopecking. Classically conditioned
key pecking is not acquired if a nonlocalized lipght (Wassera
man, 1973) or a tone (Schwartz, 1973) serves as the initial
CS. fHiven the importance of the localized CS, it will be
interesting to see if the temporal distribution of CS and
trace interval responding parallels the previous research
with other responses in which the CR usually occurs during
the trace interval,

A previous study concerned with response dependent
effects (Jenkins, 1970) included a group which was trained
with a response independent procedure similar to the one
used in the present study. Pigeons were trained with a 3
sec CS (response key illumination) which was followed by
response independent food presentation, A trace interval
between the CS and food was successively lengthened from
0 to 9 sec in 4% steps. Jenkins only reported key pecking
durine the CS, and the rate was inversely related to the
lensth of the trace interval,

The present study is the first systematic attempt to
determine the relationship between the length of the trace
interval and the performance within an autoshapine procedure,
The effect of a trace interval is investizated in two groups
of birds, It is successively lengthened from 0 to 16 sec
in three steps for the 0-16 sec ~croup, and for the 19 sec
sroup the trace interval is 16 sec throurghout trainineg, For
both experimental eroups the CS is a cons?ant 4 sec response
key illumination and the US is 4% sec access to =rain, The

rates of respondines during the CS and the trace interval in



the different conditions are obtained throughout,

METHOD
Subjects Sixteen mature White King pigeons obtained from a
local supplier were maintained at 75% ad-1lib weight by schea=-
duled grain presentations and additional daily feedinrs in
the home cages directly after experimental sessions, The
subjects had free access to water in the experimental appara=-
tus and to water and grit in the home cages, Home cages
were in a room kept under constant illumination.
Apparatus A 34 X 38 X 32.5 cm (inside dimensions) plywood
Skinner box was used., Inside there wasa 2.0 cm diameter
transparent Gerbrands response key 18.5 cm above the lower
part of the onening for the Lehizh Valley grain feeder which
was 4,0 cm above the floor of the box, A Grason Stadler stimu-
lus projector was used to present stimuli on the key, and the
house lisht (6 watt) was shielded by white translucent plas-
tic flush with the ceiling of the box. The response key and
feeder were mounted on a sheet metal panel forming one end of the
chamber and the door containing a small plexiglass window
ovened from the side, Four identical boxes were prosrammed
by standard electromechanical equipment in an adjoining room,
and constant white noise (73-76 dB) in the room with the boxes,
in combimation with individual ventilation fans, presumably
eliminated auditory cues both from the birds in the other
boxes and from the programming equipment, Every closure of

the resnonse key circuit by the bird required 0,6 - .8 N force
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and was accompanied by a click from operation of a feedback
relay behind the response panel,

Procedure TRach group of 8 birds was run in 2 squads of 4 sub-
jects each, During preliminary feeder training the response
key was inoperative and covered with tape, On the first day
of feeder training each bird was individually held in front
of the raised feeder until it started to eat. Then the experi-
menter released the bird and closed the door while the bird was
eating, By‘manual operation of the feeder, the bird was ex=-
posed to successively shorter feeder presentations and longer
intervals between presentations until it ate from the fecder
during 4 sec grain presentations spaced at least 15 sec apart,
The second day of feeder traininsg consisted of exposing each
bird to the schedule of 30 feceder presentations used subse-
nuently but with the response key still covered and inoperative,
If a bird failed to eat during the first 5 presentations, the
experimenter manually extended the length of the feeder pre-
sentation, All birds ate during at least 3 of the last 5 food
presentations on the second day of training,

On the next day the autopeck training began, Each trial
consisted of a 4 sec key illumination (red) separated from
4 sec access to grain by the trace interval appropriate to
the experimental condition. For the 0-16 sec trace =roup, the
trace interval between CS offset and US onset was successively
lengthened fromO0 to 16 sec as the amount of key peckins stabia
lized in cach trace condition (25 days of the 0 sec and 18 days
for each of the 4, 8, and 16 sec conditions)., The 16 sec

trace sroup received 24 days of trainin~ with the 16 sec trace



condition, Trainine was continuéd in each condition until
the amount of responding appeared to have stabilized for
all birds, During the intertrial interval (ITI) from the
offset of grain presentation to the next stimulus, the key
was dark, and the period from onset of one grain presenta-
tion to the onset of the next was always 4 min., Each daily
session of 30 trials lasted 2 hours, The house light was
off only durine grain presentation,

Trial by trial responding was recorded with Sodeco
print out counters, and a separate bank of Sodeco cdunters
served to record responding for an entire session. Responses
were separately counted for successive 4 sec intervals from
CS onset until US onset except in the 4 and 8 sec trace
conditions for which each successive 2 sec interval of the
trace was separately tabulated, Intertrial interval
responses were also recorded for each trial and for each

daily session,

RESULTS

In meneral, most peckins was confined to the €S with
almost none during the trace interval and little durines the
ITI. The trace interval responding that did occur was
confined mostly to the first interval after the CS during
which responding was separately recorded, Excluding this
first part of the trace interval, one can look at the rest
of the interval for an indication of the amount of trace
interval resnonldines which does not include post-CS pecks,

Accordinely, for the 0-10( sec group the last half of the
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4 sec trace interval and the last three fourths of the 8 and
16 sec trace intervals are used as a measure of trace inter=-
val responding, This analysis showed there were a total of
only 35 responses distributed amons L of the 8 birds in the
last 4 days of each of the three trace conditions, Similarly,
in the 16 sec group only two birds were responsible for a
total of % resnonses in the last 12 sec of the 16 sec trace
interval over the last 6 days of the 16 sec trace condition,

Figure 1 shows the rate of pecking during the CS for
each bird in the 0-16 sec trace group with individual ses-
sions on the abscissa and rate (pecks/min) on the ordinate,
As is evilent from Fizure 1, the amount of CS responding
was quite variable among the birds although all birds respond-
ed sore in all trace interval conditions, The rate of CS
resnvonding on the last 4 days of each condition was analyzed
in a 2 x 4 x 4 (squads x days x treatments) analysis of vari-
ance, This showed a main effect of treatrvents (F=5,48; dr=3,18;
p<.01) and no main effects or interactions involving the squads
or days variables, Scheffé multiple comparisons of the four
treatment sums showed more responding in the 0 sec trace
condition than in the %, 8 (p¢.05), or 16 sec (pg.0l) condi-
tions. Resronding in the latter three conditions did not
differ significantly (p».05), Inspection of Figure 1 re-
veals that not all birds decreased their rate of responding
upon transition to the 4 sec trace condition, Whereas this
chance in trace conditions appeared to strongly effect some
birds (P-58, P-701, P=21, P-16), for others there was little

systematic chanre in rate over conditions (P=100, P-33) or the



Figure Caption

Fig, 1, Daily rates of responding during the CS for each

bird of the 0-16 sec =zroup,
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change occurred during different stages of training (P=U,
P=25), Another indication that the 0 sec condition resulted
in more responding than did the 16 sec condition is found by
lookins at the between groups comparison and considerine the
last four days for each zroup. The rate of pecking for the
0-16 sec trace eroup in the 0 sec condition was hieher than
the rate for the 16 sec trace group in the 16 sec condition
(U=15, p¢.05). The rate of reachine asymptote was not dif-
ferent for éhe two groups, but this may have been due to the
marked variability in responding.

The daily response rates to the CS for individual birds
in the 16 sec trace group are plotted in Ficure 2 in a manner
analorous to Fisure 1., As one micsht infer from a comparison
of Fisures 1 and 2, the rate of responding of the two groups
on the last four days of the 16 sec trace condition did not
differ significantly (U=2%, pd.2). This showed that previous
trainins with shorter trace intervals did not result in en-
hancement of peckins with the long trace interval, Such an
effect misht have been expected if the experience with the
shorter ISI's aided the pigeon in bridgineg the interval be=-
tween CS offset and US onset,

At asymptote nearly all responding was confined to the
4 sec CS and the ITI. For each bird in the 0-1f sec trace
group the mean rate of ITI peckins durine the last 4 days
of each of the four trace conditlions was calculated, These
rates ransed from 0 (P=-16) to 2,40 (P-25) pecks per min,
Similarly, in the 16 sec trace proup, the rate of ITI re-

sponding in the last 6 days ranged from 0 (P=724) to 1.52



Figure Caption

Fie., 2, Daily rates of responding durine the CS for each

bird of the 16 sec group.

12



13

e L Ul -7 U 51 UL S DAVU

" ER S 5N ES S) En BB BN G5 A 0

0S

SL

ool

oooe NOIn— sooe N.WMNM_A_ 4
- . . -& - . . =
w—— 9=d w— 80L~-d

{ ost

NIW ¥d3d S$X23d



14
(P-9h) pecks per min, There appeared to be no overall sys-
tematic relationship between the amount of responding during
the CS and the ITI,

The tables in the 1ippendix contain each bird's daily
total number of responses during the CS5, successive intervals
of the trace interval, and the ITI. Days without entries
in both the firsures and the appendix indicate that data were
not recorded, With one exception the experimental conditions
were appropriate when no data were collected, On day 20
there was a feeder malfunction which eliminated some or all

of the scheduled food presentations for pizeon 724,

DISCUSSION

Pavlov (1927) noted that for optimal conditioning the
"mental trace" of the CS should be as fresh as possible,
This observation was supported in the present study. For
the 0-16 sec group, the 0 sec condition resulted in more
CS pecking than any of the three other conditions, and
comparing across grouns, the 0 sec condition resulted in
the acquisition and maintainance of more pecking than did
the 16 sec conditicn,

A consistent finding in the present study was that
nearly all responiding occurred during the CS and the ITI
precedine the CS, not during the trace interval, This
temporal distribution of responding is similar to the re-
sults of a previous autopeckine study with delayed condi-
tioning (Wasserman, 1973) in which the rate of pecking

decreased between CS onset and US onset for two thirds of
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the subjects when a 8 sec CS was followed immediately by
4 sec grain access, However, the autopeck response is
quite different from the results with other classically condi-
tioned responses (see Introduction) in w'ich the CR occurs
in temporal proximity to the US during the trace interval,
Wasserman noted that the temporal distribution of autopeck re-
sponses does not always show the "inhibition of delay® charac-
teristic of most trace conditioned responses. This may indi=-
cate that adtopecking does not have a preparatory response
function. According to Perkins (1968), all classically condi-
tioned resnonses serve'to prepare the organism for the US in
the sense that conditions durine the US are more reinforcing
if preceded by a CR, For example, the CR of salivation
prior to eéting may increase the ease with which the dry food
is chewed and swallowed and thus increases its primary rein=
forcing value, In a later discussion Perkins (1971) suggzested
that some classically conditioned responses such as key peck=-
ing are acquired because they enhance the intrinsic reinforc-
ing value of the situation during the CS when the US is anti-
cipated--not necessarily because they prepare the organism
for the impending US. It should be noted that a secondary
reinforcement process is not involved in this account of
classical conditioning-~the key peck occurs because of the in-
trinsic reinforcing value of the response, If key pecking
prepares the bird for grain consumption, then it is difficult
to explain the temporal location of the response during the
C5 in a trace conditioninz procedure instead of just before

the US, With extended training the conditioned response tends
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to be strongest just before tho.US in the case of the condie
tionin~ of salivation, eyeblink, nicitating membrane, and
suppression of the bar press,

Several variations of the present experiment would help
clarify the relationship between the location of the C3 and
the temporal distribution of responding. It is possible that
in the present study the relative saliency of the illuminated
response key is primarily responsible for the lack of trace
interval responding, Replacing the dark key periods with key
illumination of another color or always illuminating the re=-
sponse key with one color except during the CS are two possible
ways to investigate the vroblem. The lack of trace interval
pecking cannot be attributed only to the decreased saliency
of the darkened resronse key because some birds pecked the
non-illuminated key durine the ITI. Also, it would be interest-
ing to see if a very brief CS would maintain CS or trace
interval responding in an autopeck trace procedure, If these
variations in the procedure still result in little trace ine
terval responding, the argument against a preparatory response
explanation of autopecking would be strengthened,

Myers (1958) used a resnonse independent procedure simi-
lar to the ome in the present experiment, but he implied that
the behavior obtained was primarily due to previous response
dependent training., It is not clear if the behavior he obtain=-
ed would have been different if response independent training
had been substituted for the response dependent training,

The 10 sec CS and trace interval should maintain autopecking,

but the relatively short (10 sec) ITI used by Myers would de-
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crease the amount of autopecking (Perkins and Ricci, unpu-
blished study). It would be interesting to replicate Myers!
study with response independent trainins to determine if
response independent effects could account for his results,

Stimulus contingent and response dependent effects have
often been confused, For example, in a symposium paper pre=-
pared in 1966, Jenkins (1970) discussed the picfeon's behavior
in a situation which one would expect to be conducive to auto-
pecking as due entirely to response dependent, i.e. operant,
effects, As was mentioned in the Introduction, Jenkins used
a 3 sec CS and successively lensgthened the trace interval
from 0 to 9 sec with response indenendent food presentations
as the US, As in the present study, there was a decrease in
the amount of responding to the CS as the length of the trace
interval was increased., Staying within the response depen-
dent framework of the research he was reporting, Jenkins
attempted to account for the responding to the C5 in terms
~of the traditional operant processes of conditicned reinforce-
ment, eceneralization, and delay of reinforcerent, Of these
"lower-order" conditioning processes, only delayed primary
reinforcement could account for the pecking to the CS. 1In
later rescarch, DBrown and Jenkins (1968) investirated the
effects of response independent pairinss of either 3 or 8
sec changes in resnonse key illumination (CS) with food presen-
tation, Respondines was established to the CS when it was
coterminous with food presentation, In this case it was
suggested that at least some of the respondine may have been

due to "some form of classical conditioning" (p.7). Thus one



can surmise that for Jenkins the unexpected behavior ob=
tained in the ecarller study resulted in recognition of the
possibility of response independent effects with continued

investigation,

18
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ABSTRACT

Pigeons were given trace conditioning training with an
autopeck proccdure, For one group of 8 birds the trace
interval between the 4 sec CS and 4 sec response independent
grain access was 0, 4, 8, and 16 sec in successive stages,
Another group of 8 birds received training with the 16 sec
trace interval and two subsequent conditions with a compound
conditioned stimulus, These conditions were first 4 and 16
sec components and then five ¥ sec components,

The shorter trace intervals resulted in more pecking to
the CS, and throughout there was almost no pecking to the
response key durineg the trace interval, Only the 5 compo-=-
nent compound CS supported key peckinz just before the US,

The lack of trace interval responding is contrasted with
other classically conditioned responses and is discussed in
relation to a preparatory response analysis of classical

conditioning,



