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‘ ABSTRACT ,

i

1
—_— - .

- This research was designed to investigate the role
played by overshadowing in stimulus control research. Over-
shadowiné is said to octur when Sne stimulus prevents another
stimnlus from acquiring control. One of the ﬁajor problems
encountered when-employing pigeons in such' research is their

tendency to be controlled primarily by visual stimuli. °§ence,

‘it was first necessary to discover a stimulus which would prove

nearly as salient as visual stimuli. Airflow was thought to be

such a stimulus. The results of the first experiment indicated

-

this assumption was correct. In the second experiment subjects

-

were trained to dieriminate the presence of an airflow-topne
compound from its absence. Different groups were trained QE;;
different a@rflow ve{ocities. They were then tested with the
individual elements of the éompound presented alone. The'results
of the test showed that the amount that airflow overshadowed .,
Tﬁ?ne was directly proportional to the velocity of tﬂe airfldéw. In
a second section of this experiment tonal intensity was varied
while airflow velocity was held constant. The results of thisg~
manipulation indicated that the extent to which tone overshadowed
airflow was directly proportional to tonal intensity. With

these results in hand it was possible to conclude that the

overshadowing process is symmetrical. ,//4

In the third experiment/an attempf was made to demonstrate

the importanée of an illurinated key constaptly present during

-
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.

nondifferentiai training with airflow. The result§ of this
study showed that the presence of 11ght during traanlng allow
Visual stlmukrtlon to overshadow some of the control that w
have otherwise been acquired by the airflow. In'the fourth
experimgntdgubjects were trained on a difficulg airfloy dis~
crimination with or without a keylight present. The results

of this experi?ent clearly demonstrated that the presence of
the irrelevant keylight' during diséwimination training slowed

!
/ .

discrimination acquisition.

In the final chapﬁér the implications of these findings

*

were discussed and some possible explanations for the easy to

hard effect: and the effect of early vs late intrdductiohlpf .

5
s? were proposed. ) ) ' .

=
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" .. CHAPTER I \ o I 1
., B e * s . ® .
__ . INTRODUCTION ° - ’3

L3R} %

Pavlov ({1927) réviewed the work cpnhﬁcted in ﬁis W
laborétory on what has now come to be krown &s the classical
conditicﬁing paradigm. , Many of the fun&tipnal relationships
feported in this paradigm’ have been found in past years also
to apply to the operant conditioning paradigm. One iucﬁﬂ
princi;ié which %as just recenti& attracted the attention of
‘operant investigators is .that of oﬁgrshadg@ing.h

Overshadowing is said to occur when the control over
resgonding exhibited by one stimulus following training is
reduced by the presence of a secondlst&mulus during training.
Studies on overshadowing geﬁer%liy emplo§ ;he following pro-
aedures. S&bjects'ére'assigned—to orie of two conditions: in
the first condition they are trained to respond to a compound
of stiggius é and stimulus B and tested during extinction with
stimulus A; in the second condition subjqcts are trained for
the' same length of time with only stimulus A present. If,
stimulus A agquires more conptrol in the second condition than
ih the firft, it is said é#at_stipulus B overshadowed stimulus

L4

A, ‘ ‘

There "are two procedures for requlating the amount of
overshadowiﬁg obtained. The first method involves the mani-
pulation of the intensity of either of the two stimuli.

Zeliony (reported by Pavlov, 1927), working in Pavlov's
, o .

-
. € El

.
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laboratory, explored the overshadowing phenomena using different
[ 5

stimuli within.the same modality‘%auditory). He found that two

I's

S /
s st%mull gaired equlvalent control 1f they were of the same

.apparent 1nten$1ty.' However, if they were of dlfferent lnten-
Sltles, the one with the hlgher lnten$1ty prlmarlly controlred

the response. L ot : .

a
& b

Pavlovaconcluded from the above experiment that the

"stronger” of two stimuli presented together gains primary

°, control over the response. Addltlonal studies 1ndlcated that

this conclusion may be valid even when the two Stlmull are.

¥

from different nodalities,

v

However, wheh two stimuli differ in modality it is '

a

_ difficult to state which is perceived as more intemse. For

a

I

example,«thege is no éleer rule‘for egne%ing brightnessﬂto
loudness. gewever, it is possible to manipulate the intensity
of eithef stimylus and hence, one can either increase the
inteneiéy of the overshadowed stimulus or decrease the intensity
of the overshadowing stimulus. Wiéh bothnof these manipulations
it is possible to reverse the effect with new subjects. That

is,etheqpréviously ineffective stimulus now gains primary con-

o

3

tre} over ;he,response.
A second method of regulating the overshadowing effect
was demonstrated by’ another of Pavlov's co-workers, éalladin
(reported by Pavlcv, 1927)}. He found th;t the "weaker"
element of the compound could be made to control the response
if the ”stronger' element was presented alone without rein-

forcement‘ This method is essentially. -discrimination training



- with the‘”strohger" of the.twé stimuli being irrelevant.

A Althohgh the above procedures for attenuating. the over-
shadowing effect appear to be distinct, they can in fact be

shown to Le ciasely related. In classical conditioning experl—
ments inter-trial 1ntervals may be viewed as extinction correlated
periods. One way of.decreasing the intensity'bf the "stronger"™ '

‘ FHR a
stimulug is to increase the background noise level on its

dlmens:wn from g f;e? some f1xadpva1ue ﬂur:.ng the 1m:er—tr1a1
1nterval }ITI). Functxonally this increase in background

noise i; équivalent to a decrease in absolute stlmulus inten-

sity. c1early the limiting case exists when the sﬁlmulus is
present at full intensity durlng both positive perlods {cs) ‘ .
and negative periods (ITI). This is essentially equivalent

to the second method of attenuating overshadowing by making

L]

the ""stronger™ stimulus irrelevant. This is not to say, however,

w

that the two procedures yield identical results.

The Extension of Overshadowing to Operant Stimulus Control

In recent years operant researchers investigating
gtimulus control have discovered the relevance of ove;shadowing
to their subject matter (Babb, 1957; Johnson and Cumming, 1968;
Lovgjoy and Russell, 1967,hni1es and Jenkins, 1965; Newman
and Baron, 1965; Sutherland and Andelman, 1967). In such .
experiments discrim%native stimuli signal the a;ailability of
reinforcement (conditional upon a response) in much the same

way that a CS in a classical conditioning experiment signals

[
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w

the delivery of reinforcement.

&

Overshadowing has been demonstrated in an experiment by
a

Newman and Baron (1965). After trélniyg'subﬁecis to respond

to a white vertical line on a colored background they found

B o . 9
that line orientation failed to gainh stimulus control.l _ Baron
G

-

(1565) suggested that the resultswyere due %o color overshadow-

v

ing the presence of line since line orientation easily gained

-

control when pigeons were trained on lines-in the absence of

color cues. dJohnson and Cummihg (1968) confirmed the over-

shadowing effect of color over line orientation and also found

that pre-~training on line increased its percentage of ¢ontrol.

)

P

Parhaps the most complete work done to-date on over-
. : e J

shadowing within the operant paradigm was reported in a Ph.D.

thesis by Miles (1965). Much of thic work has also been 5

published in a paper Wlth Jenklns@(Mlles and Jenkins, 1965).

Miles and Jenkins (1965) ran a series of studles in which

pigeons were trained to discriminate the presence of a stimulus

®

compound from one of six stimulus conditions. Later, subjects

“were tested in order to determine which of the stimuli in the

compound gained control of resPQEding.

+

1

Newman and Baron tested subjects with the colored background
present. Freeman and Thomas ({1967)-obtained sloping

line orientation gradients follow1ng similar training’
procedures when they tested without the colored back-
ground. However, the degree of control obtained here

was still less than that exhibited by subjects trained
without color. .

v i3

’

&
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of elther no tone and no light or of no tone and g%e of flve

trlals and, that the light acqulred almpst all of the control

¢ i P o

‘Basically, all .pigeons were tralnea to peck a key in

-

the presence of a compound canszstlng of a tone ané\a lighted 0

key (pos1t1ve°trlals). ‘Alligroups received the same intensity

“ -

u R Pl : - - - 4
tone and Kk du;lnqﬂpos;tlvqatr1a151~-preggrimggg -
sﬁiﬁulus which sigﬁalied the absence wf-reinforcement (negative

trxals) was different far éach of the sdix groups. It égggls B,

light 1nten91ties. The hlghestallght intensity ‘was the same

as that presen} during positive triéls.

1 [}

After each subject had learned the disdrimination he
was tested durlng extlnctlon of key peyking with each of the
stimuli which madg\up the reinforced compound. It was -found
that the tone atquired almost all of the control when the

light 1ntensxty was the same in both p051tive and -negative -

e e et e, =

whén the 11ght was cff during.;jgatmve trials. In genera-,

e

it was observed- that greater light intensitg'durang negative

trials produced less control b§\ii§ht and more control by’ T

tone. Since increasing light intensity durlng negative trials
. £ :

is equivalent to decreasing the light intensity during
[ ad [

positive trials, it may be concluded that lower relative {

light intensity during positive trials produces less control

N i3

]
by light and moge control by tone.

:
e
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Another interesting result reported by Miles and Jenkins
(1965) was that subjects trained in no-tone: control groups
gave sharper gradients on the light intensity dimension then <

did suhjects trained with thé tone present. Thus, they concluded e

3

that each feature exérted Some overshadowing effect on the - -

§ T T e e e — e
e 4{ A e _— - -

! other “ g T T e e

-
»

Although a good deal of research has been doné on over~

. shadowxng withln"fHEmeperaﬁ% g%;adlgm, relatively llttle

T e T

attention has been pald to its lmplicatlons fo“*aiscrzmlnatlon

T e, —

_ e

1earning. There are, in fact] some quite 1nterest1ng impli-

cations which can be drawn from the above reseaxrch. However,

before drawing them it will be necessary to review a few
L] o

¢

&
fundamental experiments on discriminatiqn learning.

(./ ’ .

\ Probiems in Stimulus Control - - .

There are two methods -of producing stimulus control:
‘nondifferential {single stimulus training) and differential.

Training under the nondifferential method consists soleiy of '

,_gg;iqu in which the response is reinforced on some schedule

Y e

in the pnesence qf an unchanglng envirenment. D;ffer txal

training involves reinforcing res;onding in the presence of’

.one stimulus situation and not reinforcing responding in a ‘
second stimulus‘éituation., The two stimulus situations may

differ in one or more stimulus elements. Thus differential ’ -
teinforcement may occur with respect to a single stimulus

change or w{;h respect to a compound stimulus change.

-

»
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The best known example of a stimulus developing control

as the result of nondifferential trai;ing is found in the work
of Guttman and Kalish (1956) where pigeons were trained to-
peck a key illuminated by monochromatic light of one of four
waveigngtﬁs. Oon a subsequent generalization test ‘all subjects
exh;bzted stimulus control along the wa?elength continuum.

If one were hasty he might conclude that nondifferential
trainlng on a stlmulus is sufficient to guarantee the acqulsltlon‘
of stimulus control. However, a later study by Jenkins and
Haréison (1950) destroyee this simple formulation. Here
pigeons were trained to peck a key in the presence of a 1000 Hz
tone. On a subsequent generalizatjion test subjects failed to
shew good stimulus control along the tonal freguency dimension.
Jenkins and Harrison did, however, manage to obtain good control
by qiving their subjects discrimination training with the
presence of tone signalling reinforcement availability ané its
absence signalling extinction. Jenkins rnd Harrison (1960)
speculated that the differencd® between their results and those
of Guttman and Kalish (1956) might be due to.the difference
between their diffuse ané Guttman.and Kalish's localized
stimulus. Heinemann and Rudolph (1963) bave made a similar
Euggestion. Although this 1s possible, it could be pointed
out thatéthere are cases where diffuse stimuli have resulted‘
in sloping gradients (Hearst, 1962). .

As a result of these studies two pfinciples were added
to the stimulus%control literature: Fifst, that some stimuli




- % ¢ 8
develop control as the result of nondifferential training

while othersdo not, and second, that stimuli that gain little

-

or no control as the result of nondifferential training may

- develop control as the result $f explici£ differential training ”’
{Miles, 1935). Just why rather similar training procedures
yielded dissimilar results with respect to different stimmlus

continua remains something of a puzzle. =

.Nondifferential- Training and Overshadowing .

A possible answer to the above question emerges as an

implication of Miles and Jenkins £1965) research. It will be
recalled that they demonstrated that keylight was capable of
overshadowing;tone if it was presented along with the tone
during positive trials and neither stimulus was presented
during négative trials. If keylight can ‘ovérshadow tone
following differential training with both stimuli signalling
reinforceﬁent. ity would seem reasonable that keylight could also
overshadow tone following nondifferential training with both
stimuli signalling reinforcement. Since Jenkins and Harrison
(1960} trained subjects to peck a lighted key inxtﬁe presenceoof

. a tone,it is possible that the keylight tended to overshadow the
ton€. If this explanation is’correct,'it would follow that subjects
given nondifferential training in the absence of a keylight
should show very sharp control on;the tonal frequency continuum.
The fact that tone acquired contrSI following differential ////’ni
training with the keylight present during both positive and
negative trials in the Jenkins and Harri;;n study is in agree-

-

ment with this inteipretation since this is equivalent to ,




Miles and Jenkins (1965) group which received training with
the key light irrelevant. -

In tke Guttman and Kalish (1956) experimént overshadowing
was not as likely since the hue of the keylight was the training

stimalus. Tﬂus Guttman and Kalish obtained spectral stimulus

-

4

ocontrol sinte control by hue was not overshadowéd; whereas, f

Jenkins and Har;ison failed to obtain tonal stimulus control

because it may have been overshadowéd. /
6ne method of testing the plausibility of this explg&qtion .

%F to demonstrate that the degree'of control obtained along a

non-visual dimension is inversely related to the salience of the

visual stimulation in-the chamber. Pigeons trained, to peck a

key in a totally dark chamber should show much better control

on a non-visual dimension than animals trained to pgck in the

presence of a lighted key.

Differential Training and Overshadowing

If the above experiment yields the predicted results
it would be interesting to further investigate the effect of
a constant or irrelevant cue, like key light, on differential
training on a non-visual dimension. One possible ocutcome
‘would be that the irrelevant cue would have no effect on the
rate with which the relevant cue gained control. This was in
-essence implicitly assumed by Miles and Jenkins (1965) when -
they reasoned that increasing the intensity of the keylight

~2
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in the pegative trials was equivalent to decreasing th; inten-
sity of the key light during positive trials. Héwever, it is
quite possible that this assumption ié incoréect.

It is also possible that a very salient stimulus might
overshadow a mu;h 1e§s salient'one even though nondifferential
reinforcef®nt is provided on the forme; and differential on
the latter. If the light is a sufficiently salient stimulus,

‘it may acquire'control early during discrimination tra%ning
before the differential reinforcement contingency takes effect.

" If this occurs the tone will then have to gain control back
from the keylight. It would be expected that such a discrimination
might take longer than one in which the keylight was not

“present during training.

) In fact, in most discrimination studies responses are
reinforced in the presence of the positive stimulus for the
first few days 5f training. This would allow keylight to
gain control prior to the introduction of the negative stimulus.
A number of studies have demOnstrated‘thgt pretraining on one
stimulus can block control by another stimulus when both stimuli
are later pfesented together during training (Kam%n, 1968; 1969;
Miles and Jenkins, 1965; ééraganian and vom Saal, 1969), These
studies are closely reléted to studies on overshadowing, since
the latter show that if two stimuli together predict an event
the more salient of the two will acquire the bulk of control.

Pretraining on a particular stimulus can increase its control

©
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over reépondlng.” Johnson, Kinder and Scarboro (1969) made
use'of this when they found that they could prevent color from
overshadowing line orientation by pretraining on 11ne orzentatlon.
By increasing the control by line orientation .through pretraining
it was possible for line orientation to overshadow color. Hence,
the pretraining in blocking studies enables the cue to over-
shadow other stimuli in later tralnings This mmght possibly
explain why Terrace (1963) found that subjects learned a. dis-

crimination more rapidly if negative periods were introduced

early rather than late in training.

Resesarch Exploring Control by Irrelevant Cues . .

A numbexr of studies indicate that the control acquired
by an irrelevant cue is dependent on the ease‘with whic? relevant
cues can be histinguished (Haberlandt, 1971; Perkins, ‘Hershbexger
. and Weyant, 1959). Perkins, Hershberger and Weyant (195;)
found that an irrelevant gue.(a buzzer) acquired more control
'wheh it accompanied a difficult light intensity discrimination
than when it accompanied ah easy light intengity discrimination,
In a more recent classical éonditioning experiment
Haberlandt (1971) demonstrated that rabbits pretrained on an
easy discrimination performed better on a more difficult dis—~
crimination than did subjects pretrained on that difficult
A discrimination. In all cases an incidental cue was present on

"s,( e

. Beth positive and negativé trials. It was found that the

irrelevant cue exhibited more control in the.latter group than

&
in the group that was pretrained on the easy discrimination.

It was assumed by the author that the animals trained on the

t
- .

B
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difficult discrimination throughout the experiment performed

o

more poorly because of the control acquired by the irrelevant
cue,
It is possible that the irrelevant cues might have .

the time required to acquire the discrimination.

HQwever, Haberlandt (1971) did not run a control group trained
on the difficult discrimination with the irrelevant cue absent.

Such a control group would be necessary in order to conclude

P2

that the presence of irrelevant cues may overshadow releVant\

&

cues during the acquisition of a difficulé: discrimination.
- YA ! -

B - » -

The Development of a New sp}ﬁﬁlus pimension

Many of the studies proposed in the introduction of this
thesis involved conditions in which pigeons were trained to
peck in the dark.. At the time thi% thesis was conceived it was
believed thaﬁ a pigeon would not peck a key in the absence of
discriminative stimuli signalling its location. With this in
mind, an attempt was made to develop an alternative directional
stimulus to keylight. Airflow was one such stimulus’ which
seemed to hold promise. It was thought that if it emerged
from behiéd a key it would provide directional stimuli to
signal the key's Iocation:2

Qeforetutilizing airflow as a discrimiﬂative stimulus -

it would be necessary to demonstrate its ggmparability to other

v -

Thé’iesearch was presented in this order for clarity. At
the time the airflow studies were run the idea of
overshadowing had not yet been considered. This thesis
is a good example of how hindsight can fit data into

established modes-.of organization.

2
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more commonly used stimuli. This would involve a demonstrationv :
that pigeons could form airflow on-off discriminatjons and 7
intradimznsional discriminations®(a qiscriminatibn between two
airflow velocities). It might also be interesting to establish

i

whether subjects could perform discrimination reversals and

.

would yield oréerly‘gradients of generalization, /

s

Summary of Proposed Experiments

This thesis is divided into four sections. The first
_section is concerﬂéd dith theodgveloﬁment of airflow as a
viable digcriminative stimulus for pigeons. The second section
contains a replication of Miles's reseaéchfbn oyershédoqing .

employing airflow and tones rather than keylight and tones.

. The primary difference between these-studies and those by
Miles was.that the iﬂfensity of both stimzzi were varied.
Hence{it was possible to demonstrate the symmetrical natuée of .

the overéhadowing effect. The third section tests the

hypothesié that a nonvisual stimulus will gain less control if

a keylight is present then if it is absent. The final section

investigaggs the role played by irrelevant stimuli during dis;3

crimination learning.
~




CHAPTER 2 . -

EXPERTMENT 1

In order to examlne the role keyllght plays in the over-
shadow;ngkcf other Stlmull*lt will flrst be necessarybto
develop a stimulus which would enable pigeons to peck a key .
in the dari. Such a stimulus should provide cues as to the
location of the response key. ‘Tﬁe traditional aFternative to
visual stimuli are auditory stimuli. However, it i1s difficult
to develop auditoiy contro)] in pigeons unless very high inten-
sity tones are utilized (Blough, 1969; Heise, 1953). Further-
more, it is unlikely th;t pigeons could use auditary cues to
reliably locate the key. Hence, the development of a new
stimulus dimension was necessary before further studies counld
be undertaken. '

: Th; purpose of the first experiment was to determine

the efficacy of airflow velocity as a discriminative stimulus.

s —-

-

Since pigeons must utilize discriminative stimuli provided by
airflow for flight it might be expected that stimulation

. provided by airflow might be a salient stimulus which could
easily acquire control over other behaviors. Furthermore, %t
seemed likely that a pigeon could localize the source of an
airflow. If so, airflow emgréing from behind a response key °
would provide cues 'to the key's locatibn and could, therefore,

control responding in a totally dark chamber.
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Method ¥

Subjects
Twelve *six-month old experimentally naive Silver King
¥

.

-
Pigeons were maintained at 80% of their free-feeding weights.

’

Apparatus e ~
: The experimental chamber was 30 cm high, 30 cm wide and

f ¢
30 em long. A transparent response key 2.5 cm in diameter was

located 21 cm from the floor of the chambér directly. above the
feeder aperture: The key was back-illuminated by white light

from an IEE projector mounted 3 cm bghgnd the key. Reinforcefs
consisted of a four sec access to grain.

The airflow, which was produced by a Lau model DD9-9A
direct-drive blower (Lau Blower Co., Dayton, Ohio), was directed
into a retaining chamber. The oPeratioﬁ of solenoid driben
valves permitted air to flow from the rethining chamber to the
experimental chamber. Three different valves controlled three
Eoﬂes of presentation which were called Key, Side and Diffuse.'
A diagram of the three modes of airflow presentation is shown
in Figure 4.

Key source airflow was presented by operating a valve
that allowed air to flow through a 4 cm diameter tube to an
airtight box that contained the projector. The air then
emerged from behind the slightly recessed pigeon key into the
experimental chamber.

Side source airflow was presented by cperating a valve

-
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* ¥ig. 1. A schematic reﬁresentat:lon of the top view of the .
conditioning dpparatus fllustrating the three modes

of airflow presentation, .
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that allowed air to flow through a‘z cm diameter tube attached
tp the riqgg wall of the pigeon chamber at key level. This
allowed side flow across the key.

Dxffuse source airflow was pxesented by operatlng a
valve that allowed air to flll a box adjacent to the.plgeons'
chamber. The air then flowed tﬁr?ugh 110 egually spaced 6
mm diameter holes on the left wai of the pigeon chamber.

With all airflow modes, the air was evacuated through 110
equglly spaced 6 mm diametexr holes in the right wall and
through the magazine aperture. ¢ N .

Air flowing into the chamber made no noise that was
‘detectable by human observers. However changes in fan speed
di@ produce eas;ly discriminable changes in loudness ?nd pltdm.
Therefore, 1n all experiments in whxch the presence and absence

of airflows/éerVed as discrlmznate stimuli fan speed was held

constant and the valve controlling airflow was sj 1y,obened )
® 7

and closed. There are, however, two instances/in this thesis
airflow velocity-diﬁcriminationﬁlearning sitGation. In these
the different fan speeds acquired some con rol. rhe first¢ T

other 1nstance occurs in experimeﬂf 4.
The velocity of the airflow was /easured hy aNDuyer
wlnd speed indicator (F.W. Dwyer Mfg. é&., Mich. c1ty, Ind.)

| g
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whiéh c&nsisted of a pitot tube and a fluid manometer. This
device was calibratgd aéainét a Nationéi Physical Laboratory
elipsoidal "pitot tube with an electronic.manome%er in a wiﬁd

tunnel. All measurements were taken 2.5 cm from the key at -

+

- key legel. Fan speed was measured ‘with a Jaguet model 39774-

'251. 1000 rpm guage (R.H. Nichols Co. Ltd., Toronto).

<

Procedure - y .
————— R o

Preliminary key peck training consisted of approximately
Y reinforced key pepk% on day one. During éhe ;ext four dayg
'the schedule was changed from Variable Interval 1o’éec (vI 10
sec) to VI 3D sec. Then all subjects received fivé—ﬁc-min v
seéssions on a Catania & Reynolds (1968) constant probability’
VI 30 sec schedule, The schedule remained in effect through-
out the eﬁberiment. buring all of this training airflow was

5

not présent though the blower motor was turned on for the last

»
n

two days of VI 30 sec training. °

@

'b - (3 -
Discrimination Training

Following pretraining all pigeons were trained on a
multiple schequle of reinforcement in which respending in the

presence of airflow‘(SD) was reinforced on a VI 30 séc schedule

while responding in its absence, (SA) was extinguished (mult

VI 30 sec EXT). The fan was running at 1125 rpm for all
»

conditions. This produced an airflow velocity of 29 mph from
,’ »
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- the Key source, 25 mph from the Side source and 4 mph from the

-

JDiffuse source.+ Airflow velocities were not equated, since we
2

1Y
wxshed to employ the most discriminable stimu11 that our .

LT _apparatus was capable cf producing. Therefore, the max;mum 6
~~ fan speed was utilized in each conditibn. o
sa *  The source of the azrflow was the Key for sub:ects 1—4,

’ N the Side for subjects 5-8, and Diffuse for subjects '9-12. These
3 . three groups of subjects®were called the Key, Side and Diffuse

groups respectively. )

L

~ On the first 11 days of‘%isarimination training all

——————

pigeons received 6 fourrmin sP pegkods and 6 four-min s®

rlod per day. Theie were two orders of stimulu$ presentation;

. - €
- these were alternated every day. The stimulus orders were

i‘ T ~ ']
’ dandom with the restriction that no more than two periods of

< s

either stimulus could occur in a row. Each period was separated

NE_// from the nexhybyra 10 sec timeout during which the key light
- and airflow were off. ' ° ) " )

* L ifter li days of discrimination traiying, the period
EJ{ duration was gradually reducéd to 30 sec in order to insure

that reinforcement density did not exhibit control. All’
subjects were shifted to 24 two-minute perioés on day 12,
to 24 one-minute periods on day 15, and to 72 30-sec periods

! on day 17. Throughout these shifts 10 sec timeouts separated

) periods and the number of sP periods remained equal to the
number of SA periods. .. °
0 pd
. ' . ¥

¥
v
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" piscrimination Reversal

-

On the 19th day of discrimination training two subjects

" from both the Side and Diffuse conditions were given training

A

3
with the values of SD and 8~ reversed, Subjectg 6 and 8 were

shifted to the new discrimination with no airfldw as S° and a
25 mph airflow from the Side source as s8, Subjects 10 and

. -
12 were shifted to no airflow as SD and a 4 mph airflow from

the Diffuse source as SA. These fou# subjects were chosen

because they were the best two subjects in their groups on

the original discrimination. The rem;ining four subjects in
o these €W% groups were dfscarded. All reversal subjects re-

.ceived 24 two-min perioas for 10 days.

$econd Discrimination

-

On the 19th day of disc;imination training §ey subjects
1, 2 and 3 were shifted (subject 4 discarded-because of illness)
to a more difficult intra-dimensional discrimination with res-
ponses reinforced in the presence of an 11 mph airflow and
extinguished in the presence of a 25 mph airflow. Thus, tﬁg
§D velocity was lower than the S"'S velociﬁy whereas the réverse
was true during the original discrimination. All subjects
received 24 tWo-min periods each day for 12 days. On the
following day each pigeon was given a generaiization test
during extinction of key pecking. The test stimuli, airflows

of 7, 11, 15, 25, and 29 mph, were randomized within blocks
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and were given until the subject ceased +to respond for one
complete block. Test stimulus presentations lasted 30 sec

and were separated from each other by a 10-sec timeout.

1
j

*
‘Results and Discussion
Results for the acquisition of all of.the discriminations
are presented in Figure 2. The airflow velocity&d{::fiminations
with the presence of airflow as S° and the absence Of the

A are presented on the left hand side of Figure 2.

airflow‘as s
All twelve animals acquired the discrimination and reached near-
asymptofic performance in six days. The different methods
of presentation did not greatly influence the sgeed of ac-

quisizfﬁﬁi““Thengraduégu§hift to shorter stimulus periods

ot

did bot appear to disrupt the birds” performances markedly,

with the possible exception of subjects 9 and 11 in the Diffuéé_““”““'~
e -

o~ J

condition on the shertest duration.

Discrimination Reversal

.

The four birds in the discrimination reversal condition

i
i

initially performed below 50% correct but rapidly learned to
suppress responding in the presence of the airflow and to
respond in its absence. The levels of performance attained in

this task were similar to those observed in original acquisition.

«
-

3

Second Discrimination

. 1
The intra-dimensional velocity discrimination with the
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higher velocity airflow as s? was acquired by all birds.
Following nine days of training the three birds maintained
 diserimination performances of 85% or better. These asymptot
_appeared to be slightly lower than the asymptotes of the ’
initial discrimination presumably reflecting the greater

difficulty of the second discrimination; ) .

It should be noted that the .second discrimination per-
formance of these subjects may have been controlled in part
by the differential auditory stimulation "provided by the fan
moéZr. It seems unlikely, howeyer, that this source of stimu-
1at1on,%as opposed to the dlfferent airflow velocities, was
primarily responsible for the obsexrved dlscrlmlnatlon perfor-
mancée. Support for this assertion comes from the facts that
(1) subjects 1eérned presence vs. absence of airflow discrimina-
tions and Fheir reversals quite rapidly in a situation where
differential auditory cues were not present (fan motor speed
held ;onstant) and that (2) it is part of the forklore among
pigeon runners and océﬁsionally reported (e.g., Heise, 1953)
that auditory discriminations are difficult to develop in
pigeons.

In Table 1 the number of responses that each subject
emitted to each airflow value on the generalization test is
expressed as a percent;ge of the total responses emitted. All
subjects emitted the major portion of their responses to the
7 mph stimulué and to the 11 mph stimulus (s°). The fact that

all three subjects emitted somewhat more responses to 7 than

§ ~

N




Subject
Number ,

X

TABLE 1

3

Percentage of total responses emittedkby each

bird to each of the stimulus conditions.

TegB Stimuli in mph
7° 11(sP) 15 25(s) 29

38.9 37.1 21.8 0.7 1.5
42.9 37.9 16.4 2.9 0.0
41.7 36.4 17.8 2.7 1.4

22

Total Number
of Responses

-

1171
140
1083
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to 11 mph,is mildly suggestive of a peak shift effect. There

3
was very little responding to 25 mph (s?) and to 29 mph and
an intermediété level of responding to 15 mph, ghe velocity
bétween SD and SA.

There are three aspects of the present data that shpporé
the conuiﬁsiqé that airflow velocity can be a discrimipative
stimulus. FirstMthe initial discriminations with airflow
as SD were ;cquired rapidly. ‘Second, reversals of these
‘discriminations and intradimensional discriminations were
also acquired rapidly. Pinally,korderly post~discrimination
gradients were obtained.

In the next two chapters airflow wifgfbe utilized as a
stimulus to examine overshadowing and its effect on stimulus

control. , g

¢
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CHAPTER 3

EXPERIMENTS 2A AND 2B

‘In a series of experimeﬁts reported by Miles and Jenkins
(1965) pigeons were trained -to discriminate posiﬁ}ve trials
siénalled by a keylight-tone compound from negative trials sig~
nalled by the absence of tone and one of six light intensities =~
namely no keylight, kgglight at the intensity p;esent on positive
trials, or keylight at one of four intermediéée intensities.

When the individual elements comprising the positive compound
were presented alone, the results suggested percentage of

control acquired by the tone was inversely related to the '

intensity of the light during.negative trials. Hence, it was
S
concluded that keylight over—ﬁgggowed tone to an extent directly

proportional to the relative inpensity of the keylight during .

-

positive trials. - -
’ Experiment 2A

The present experiment attempts to replicate Miles and
Jenkins by employing tone and airflow as the elements of the
compound. The major procedural difference between t@gse experi-
ments lie;~in the way in which one of the elements of the com-
po?nd is va;ied. In Miles and Jenkins experiment one of the
elements)(light intensity) was present on both positive ‘and )LK\“
negative trials. The intensity of the light during negative

trials was dififerent for each group. In the present expeiiment
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the intensity of one of the'stimulin(airfloy)willlbe varied i
dpring positive periods. WNeither tone nor airflow will be
present during negative periods. It is hypothesized that the
amount of overshadowing will be directly propoytional to the

-

intensity of the overshadowing stimulus (airflow).
Subjects

Niné six-month old experimentally naive, Silver King
Pigeons were maintained at 80% of‘tgeir free-f;eding weights.

Apparatus

The apparaius was the same as in the previous experiment.

Y

Sound level readings were taken with a General Radio model 1551

P

sound level meter, scale C, with the microphone located 2.5 cm

in front of the key.
T —
Procedure o .
Over three sessions the subjects were shaped to peck
an illuminated key on continuous reinforcement and were then
gradually shifted to a VI 1 min schedule. Tone and airflows

were absent during these th;ee days though the blower was -

turned on during the third day. ) »
On day 4 all pigeons were shifted to a mult VI 1 min-

[

EXT schedule with the preseneé of both airflow from the key and

a 2000 Hz 90 db tone aé SD and the absence of both the airflow

and the tone as SA. The airflow velocities were 30.8 mph3 for

¥
v M i

3 Modification of the blower transformer made it possible to

present higher velocities than were,previously obtainable.
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[

pigeons 1-3, 16.0 mph for pigeons 4-6, and 7.8 mph for pigeons

7-9. On the first' four days of discrimination training all

pigeons received 12 four-min periods a day. During six of

-

o these periods SD was presented and key pecks were reinforced

on VI 1 mip; during the remaining six periods sd vas presented
and key pecks were not reinforced. The order of SD and SA
periods was random with the restriction that no more than two
periods of the same kinq(could occur consecutively. Each
period was separated from the next by a 10 sec timeout during
which the keylight, toné, and airflo; were of@. Co
On day 5 of discrimination trainihg the period éuration
was reduced to -two min. and the nquer opreribds was increased
to 16. Foiiowing this manipulation each pigeon was given a
componént stimulus test on the first day after it emitted at

[

least 90% of its total responses in SD.

ComPonent Stimulus Test

All subjects were tested during extinction of key
/?ecking°with»fou§ test étimuli, the order of which was;randomized
within each test block.. The test stimuli were the s? present
during\training, the tone, the airflow and SA. Each stimuius
presentation was 1 min in duration and was segarated from the
next stileg; by a 10 ;ec'timeout period. Each subject was

tested until it did not respond to an entire block of stimuli

. or for fifteen complete blocks, whichever came first.

-

"4



' Results and Discussion K

Results for the acquisition of the discrimination with
each of the three velocities are presented in Figure 3,
Though there is some suggestion that speeé of acquisiti;n was -
directly related to airflow velocity, an ANOVA on percentage
correct over the first four days of discrimination training was
not significant, F(2,6) = 1.28, p > .05.% -

) The results of the component stimulus test are presented

in Figure 4. 1In this figure the numherjof responses emitted
to each of the four test stimuli (SD = ajirflow and tone; W'¥
airflow; T = tone; SA = absence of airflow and tone) is
expressed as a percentage of the total test responses. The re-
$§u1ts indicated that the proportign of test respanéés to the air-
flow decreased as airflow velocity decreased, F(2,6) = 15.45, p < .Oi.
More importantly, the'prpportion of test responses to tone concur-
rently increased, ¥(2,6)=19.34, p < .01. Thus, the results regliéate&
Miles and Jenkins' (1965) finding that the amount of overshadowing
is directly préportional to the intensity of the overshadowing
stimulus. One might object to this conclusion since the number
of training sessions was not equated for'the two groups. Thus
it might be argued that subjecgs which receive more training
had more opportunity to come unde; the control of tones, and

amount of training, not intensity of the airflow, was the

critical variable. An inspection of the training data,however,

-

4 The Anova on the percentage data in this and all other

experiments was performed by transforming the percentage
data to arc sin.
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training. The broken vertical line indicates the transition

.from b ain to 2 min periods.
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shows that there is considerable overlap between these
groups in the number of trainingnséssicns received, énd that
in spite of gonsiderable variability within each”group in the

number of training sessions, the test results within each o

k)
t -

group were remarkably—similar. . 1
"In the present experiment changing the aifglow velocity
produced different ?mounts of control by a cons;ant tonal
stimulus. This raises the question of whether or notqchanges
in tonal intensity will influence the degree of control acgquired
by a constant airflow stimulus. In ordér to determine whether
this symmetrical overshadowiﬁg relationship exists, the fbllow—
ing experiment was performed. ) )
Experiment 2B
Method .
Subijects - ,
Six six-month old experimentally naive, Silver King
Pigeons were maintained ét 80% of their free-feeding weights.

Apparatys

The apparatus was the same as in the previous experiment.
!

3

Procedure

Theuprocedure employed was identical to that used in
?iberiment 2A with the exception that in the presant experiment
Ewo different tonal intensities were compared to the 7.8 mph
airflow from the key. Subjects 1~3 were trained g}th the airflow-

80 db compound as sP; while subjects 4-6 were trained with the

£
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D . . .
* airflow~-70 db compouﬂa as § . As in the previous study, S

e

was the absence of the airflow-tone cggpound.

&

Results and Discussi;n .
The acquisition data for’°the two groups presented in
Figure 5 show that the 80" db tone group ac&ékred the dis-
crimination mbr% rapidly over the first four days than the 70
db group, F{l,4) = 30.97; P < .01. Furthermore, acquisition
for the 80 db tone group was siﬁilar‘to acquisition for the.

90 db group with the same airflow (7.8 mph) in the previous

2
w

’ 'experiment. - % o N

The results of the component stimulus test are presented

&

in Figure 6. The results indicated that the proportion of

test reponses to the tone decreased as tonal intensity

¢

. 13
decreased, F(1,4) = 57.89, p < .0l. More importantly the pro-

portion OE test respénses to airflow concurrently incréased,
g F(1,4) = 80.73, p < .0l. & /
The results of this stﬂdy indichte that the overshadowing ’
y process is symmetrfcal. Thgt is, stimulus A will overshadow
v stimulus B where A is an intense ®timulus and B is a wesk
' stimulus, while stimulus B will overshadow stimulus A where

& B in an intense stimulus and A is a relatively weak stimulus.
- - ]

-~
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Fig. 5. Percentage of responding to the reinforced stimulus during
training. The broken vertical line indicates the transition
fxom 4 min to 2 min periods.
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ae CHAPTER 4 het
Q '  EXPERIMENTS 3 AND 4 .
»

Following key peck training in the presence of a single
tonal frequency, pigeons exhibit little stimulus control on the
tonal frequency dimension (Jenkins and Harrison, 1960). This
discovery was of particular significance since animals trained
to peck a iey illuminated by monochromatic light yielded a
gradient along the w@vei&ngth continuum (Quttmgn and Kalish,
1956). Why rather similar training prqce&ures yielded opébsite
results with respect to different stimulus continua remains an
unanswered question.

One possible explanation for these results is that the
visual stimuli in the chamber, particularlx th:%iighted key;

, overshadowed controi. by the tone in the Jenkins and Harrison
(1960) experiment. However, in the Guttman and Kalish (1956)
experiment overshadowing was not likely since the training
stimulus was visual. The degree of control therefore which

is obtaineq by a nonvisual stimulus might be inversely related
to the degreelof control inadvertently obtained b; visual
stimuli.

One method of testing the plausibility of this explana-
tion is to demonstraﬁé that the degree of control obtained
along a nonjyisual diﬁénsion is inversely related to Qhe
" salience of the visual stimulation in the chamberi Animals

trained to peck & key in a totally dark chamber should show
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much better contrai on a non-visual dimension then animals
trained to peck in the presence of a lighted key.

Ideallg, the non-visual diﬁensioq employed should provide
cye; to the location of the key in order to insutre a subst;ntial
reséznse rate in a dark chamber. Airflow emerging from behind
the response key should produce differential cues as to the
keys Yocation (Experiment 13.

Therefore; the purpose of the present expéfiment was to
attempt to show differences in the degree of control .acquired
by airfldw as a functi&n of the relatixe salience cf visual
stimuli in the chamber. ' J ,

) :
Experiment 3
Method .
Subjects . o .
Twelve six-month o0ld experimentally naive Silver King

pigeons were maintained at 80% of their free-feeding weight.

Apparatus = . \

4 -

° The apparatus was the same as in the previous' experiments
except that a houselight was occasionally employ;d. The house~
light was a 24 volt bulb mounted on the wall opposite the key.
The effective voltage across the bulb was reduced to 16
volts with a potentiometer. .
Procedure #

Subjects were trained to peck a key under one of three

conditions. The first group of subjects (1-4) pecked a lighted

[}
]
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key with no other source of illumina%ion. The second group of
subjects (5~8) pecked an unlighted key with a houselight on.
The final group of subjects (9-12) pecked a dark key-wigh no
light source available. In all é@ree cohditions a %9 mph Kej
source airflow was also present.

Trained with Keylight On

’

A The only source of illumination in this condition was
the keylight. Preliminary key peck- training consisted of
approximately 50 reinforced key pecks on day one. Subiectg

1-4 then received 40 additional reinforcements a session

according to the following schedules: day two, CRF; days three

and four variable interval 15 sec (VI 15 sec). During the
next 10 days all subjects received half hour sessions with a
VI 1 min schedule of reinforcement in effect. Period duration

was two min with each period separated from the next by a 10

sec time-but period during which both key light and airflow were

terminated.

*

Trained with Honselight On

The only é&urce of illumingtion in this condition was
the houselight. Dur%ng the time-out periods the houselight
and airflow were éff‘ In all other respects these subjects
were trained identidhlly to the subjects in the keylight

condition. / ’

k4

Trained in Dark . :

Subjects in this condition (9-12) were first trained

2
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to peck the key in the presence of the houselight. Toward the

end of the session hcw;ven, the houselight intensity was

gradually decreased until the pigeon was pecking in complete
darkness. If thé subjects did not respond at the onset of

the second or third session, the houselight was turned on at
ééduced intensity until arresponse occurred,. Then the house-
light was quickly faded out. During all other sessions the
chamberewas completely dark. In all other respectstthese ¢

subjects were trained identically to the subjects in the

keylight-condition. J

o

¥ -
Generalization Testing

E) 3

Following 10 days on the VI 1 min schedule of reinforce-
ment all subjects were given a generalization test on the
airflo¥ veloéity dimension. Subjects in the key light condition
were tested with the keylight on, subjects in the houselight
condition were tested with the houseligh£ on and subjects in
the darkicéhdition were tested in a dark chamber. Therefore,
all the lighting conditions during the test were identical to
those during training. All pigeons were testeAQduring extinction
of key pecking. The test stiiﬁli, airflows of 0, 10; 15, 20,
and 30 mph, were randomized within blocks and were presented
for 10 blocks. Test stimulus presentations lasted 1 min and
were separated from each other by a 10 sec time~out period as

in training, These various airflow speeds were produced by

A
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varying the speed of the blower. Tﬁe 0 mph stimulus was
presented in two different ways; the airflow valve was closed
and the blower motor was either not running or was running at
the speed that would produce a 30 mph airflow if the valve was

open. .

o b

!

Results
SUbjécﬁé in all conditions léérned to keypeck and rariely
r?sponded during time-out. The mean response rates for the
last two days of training for ea?h subject are presented in Table
2. It is apparent that there is considerable ovefi;p in res-
ponse rate between these three groups. Therefore, the results
of the geperalization test cannot be attributed to t@e minor
differences in rate. i s
Results of these subjects on the_generalization test*
are expressﬁz as a percentage of the total responses gmiéted
to each stimulus in Figure 7. All of the subjécts trained in
the dark condition gave sharp gradients while the gréaients of
all but'one subject in the key and houselight training conditions
vere ;elativeiiifhallow. Responding in the 'presence of the 0
dPmph stimulus was not influenced by whether the blower motor
was running or not. This result indicatesath;t responding was
not controlled by the auditory stimulation produced by the
blower motor. In order to determine whether ox n?t there were

.
significant differences in airflow control, responses to the

.




- TABLE 2 3 . .
} v s ] . . ] ’,g s

Average response rate over last two days of training in responses
‘ per minute.

1 3 *
¢ 3

L4

KEYLIGHT 0 HOUSELIGHT T DARK \
S1 .16.2 85 23.0 s9 22.2
82 22.2 S6 51.4 . S10 35.4
S3 41.4 © s7 36.3 - - - " s11 34.9,
s4 58.8 , S8 34.3 ) s12 28.1
re * .
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training value were expressed as a pexcéntage of responses to
the .training value plus responses to/no airflow. An analysis

of variance on these data indicated \significant differences,
/

F(2,9) = 19.39, p < .0l. Pairwise comparisons of the three groups

indicated that the dark trained group yielded significantly
steeper gradients than either of the light-trained groups, and

that the latter trained groups were not significantly different.

Discussion

-

. The ‘results indicated that the presence of light during

training and testing allowed visual stimulation to overshadow
some of the control that would otherwise have acquired by the
airflow. It is plausible therefore, that other nonvisuval stimuli
(e.qg., tones)‘might gain control over behavior if pigeons were
. taught to peck without any visual stimuli. ’
Since visual stimuli are important in nondifferential Y
training, they might ;lso be important during difﬁerential J
éraining. The following experiment was designed to investigate

the role played by visunal stimuli ip differential training.

EXPERIMENT 4

’

The previous experiment demonstrated that a stimulus
ﬁiesent in almost all stimulus control research employing pigeons -

\

the keylight or houselight - is capable of overshadowing what /

would- otherwise be a very salient stimulus - airflow. There~
,,/’/fore, if a discrimination is difficult it is possiﬁle that a
e

- strong irrelevant stimulus might gain some control early in

training. As training progféésed it would be likely that the

L

.

~
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relevant cue would g{fdually regain this control since it
more reliably predicts reinforcement,

The purpose of the presenﬁ;gxperiment was to determine

. . hoy - . s .
whether subjects trained on a difficult discrimination would

learn more slow;;\if a strong irrelevant cue was present during g
tr;ining. s
’ L]
Method
Subjects ///

Eight eight-month ocld experiﬁentally naive Silver King
pPigeons were maintained at 80% of their free~feeding weight.
Apparatus ’

The apparatus was the same as that employed in the
previous experiment. -

Procedure

_ Subjects were trained to peck a key in the presence of
one of tgg conditions. The first group of subjects, 1l-4, were
trained to peck in the presence of an airflow-keylight compound
while the second group of subjects, 5-8, were trained to peck
a dark key in the presence of an airflow with no source of
illumination in the chamber. All subjects were then trained
on an airflow discrimination with either a 10 mph airflow sig-

nalling the availability of reinforcement and a 20 mph airflow

signalling extinction, or vice versa. . The different airflows

P

were produced by changing the speed of the blower.
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<

Subjects Trained to Peck a Lighted Key

-

Subjects in this group were trained to peck the key in
the presence of a keylight—airflgw compound. Half the subjects
{(pigeons 1 and 2) were trained to peck the lighted key in the
presence of a 10 mph Key source airflow while the remaining
half (pigeons 3 and 4) were trained to peck in the presence of
a 20 mph airfl&w. Preiiminary training consisted of 50 rein-
forced key pecks on day one followed by variable intervel
training with progressively longer variable interval (VI)

schedules. . On day 6 all subjects were on a VI 30 sec schedule..

Following three more days on VI 30 sec all subjects began

« training on the airflow discrimination.

» -

a

Subjects Trained to Peck in the Dark

"Subjects in this group were trained to peck the key
in the presence of a houselight—-airflow compound. Half the. -
subjects, pigeons 5 and 6, were trained to peck in the presence ‘
of a 10 mph Key source airflow while the remaining half,
pigeons 7 and 8, were trained to peck in the presence of a 20
mph airflow. During the ;irst two sessions the intensity of
the houselight was gradually decfeased until the pigeons were
. pecking in complete darkness, Prelimina;y training was in
every other respecét identical td that oé the subjects in the

other condition.
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Discrimination Training ) .

Pollowing four days on the VI 30 schedule, th? last
twé of which contaiged 10 sec TO periocds, all subjects'began
training on an airflow velocity'discriminaticn. The airflow
velocity present during initial training wé; designatéd as, the
stimuius which signalled reinforcemé;t availability while tPe

other airflow signalled extinction. All subjects received

"

a

30 two-min periods per day. Half of the periods signalled

the availability of reinforcement while the other half signalled
* extinction. Period order was random with the restriction that
no more than two periods of the same sﬁ}mulus could occur in
succession. Each period was seﬁaratedv%rom the next by a 10 .
sec time-out periocd. Time-~out periods consistdlof the’absence

of both the keylight and the airflow. Responding was reinforced

on a VI 30 sec schedule throughout discrimination training. :

Results v

Results for the discrimination épquisitions ére.
presented in Figure 8. All of the‘éark'trained subjects
performed better on the first day of discrimination training
than did the keylight tFaf%ed subjects. Furthermore, all subjects
trai the dark condition obtained discrimination ratios
of 90% or better by day 10 while none of the subjects in the
keylight condition reached 90% until day 18. An AN?VA on the
percentage correcdt over the first 10 days of ‘discrimination
training was significant, F(1,6)=21.48, p<.0l. There were no
points of overlap between any of the subjects in either group
although one subject in the dark condition

1

R
W
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{pigeon 1) perf;rmed almost as poorly as the better keylight
subjects ofi 'days 6 and 7» ‘ (

The response rates during §° periods for the 10th day |
of discrimination training are presented in Table 3. It is
appa;en? that there is considerable 9verlap in response rateé
between these two groups. Therefore, the differences in rate
of discrimination acquisition cannot be attributed to

differences in response rate.

-

g
Discussion

The results of the study may ﬁe viewed as a partial
replication of experiment 3 since all subjects in the dark
condition performed better on day one of discrimination traini;g‘
Furthermore, the results clearly suggest that the presence of
a ‘strong irrelevant cue during discrimination training retards
discrimination acquisition. This finding may explain why
Terrace (1963) poticed that subjects trained on a discriminatio?
after pralonged VI training acquired the discrimination more
slowly than subjects that received little VI training. It is
likely that éhe exposure to prolonged VI training allowed
other irrelevant stimuli to acquire control ov;r behavior.

Thus, when discrimination training was started the relevant
cues had to gain back control from these irrelevant cues.
It should be noted that differential auditory stimulation

was perfectly correlated with the two airflow velocities used



TABLE 3 ) o

- &
Response rate during sP periods on the 10th day of
discrimination training in responses per minute,

s

KEYLIGHT _ DARK

S1 39,2 §5 30.1

s2 79.9 S6 11.8 “ /

53 26.5 57 46.6

. sS4 44.1 s 29.7
//f\ [
™
/ &
’ o >
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in this study’and thus the.discriminatiog performance may ‘
~have been partly controlled by these auditory cues. However,
even if these auditory cues did control behavior somewhat, :
the implications of the results are still the same: the
presence of irrelevant visual stimulation'retards the acquisition

of a discriminatien. |

“s

ne

AN
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CHAPTER 5¢ s
GENERAL DISCUSSION

s

3 -

- For many years it was theoreticallf assﬁmed (Hul;,b1952)
that irrelevant stimuli play an imp;rtant role in discrimination
learning. However, only recently has éhis question received
the experimental atteéntion it merits (Wagner, 1969). The_
present thesis demonstrated that irrelevant stimuliudo play
an important role in discriﬁigation learning and that the mech-
anismAby which they do involves stimulus overshadowing.

The“experiménts which comprise this thesis can be
logically divided into three sections. The first section,
reported in chapter 2, deals with the development of airflow
as an effective discriminative stimulus. The second section,
cﬁapter 3, consists of experipﬂnts demonstrating overshadowing
with airflow and showing the symmetrical nature of overshadowing
in stimulus control. The final section, chapter 4, is involved
mainly with the role that irrelevant stimuli play in discrimina-

, tion learning.

Let .us examine the results of the experimeﬁts which
constitute chaptgr"B and 4 in greater detail since they deal
dirggtly.yith éhe most important finding of this thesis ~- the
role P1a§ed bélirrelevant stimuli in discrimination learning.

A

In experimenE*ZA subjects were trained to respond to a tone-

airflow compound. Subjects in different conditions were
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trained on different airflow velqpities. Tﬁé results of
this experiment replicated Miles and Jenkins' (1965) findings
that the amount of overshadowing is direcfiy proportional to
the intensity of the ovegghadbwing stimulus. The primar;
significance of this experiment was the demonstration that ,
airflow could overshadow loud tones and therefpre, could serve
as an effective stimulus -in subsequent .studies. .

In expdriment 2B, subjects were again trained with a
tone-airflow compdund.. However, in this experiment! the tonal

v

intensity was varied. The results of this experiment indicated
that the overshadowing process is symmetricél."That is, @ .
varying the intensity of eithey stimulus affects the amount
of overshadowing obtained. -

In experiment 3, subjects were given nondifferential
training on airflow velocity with and without an illuminated
key. The results of experiment 3 indicatea'that presence of )
the illuminated key can overshadow control by a second stimulus
wheg subjects are given nondifferential training on the second
stimulus. Therefore, it can be concluded that for pigeons, the
procedure of nondifferential training with any particular stimulus
always involves nondifferential training on one of the most
salient stimuli in the chamber: an illuminated key. Furéhermore,
the process of oversha@owing determipes whiqb of these,stimuli
will acquire control. -

In experiment 4, subjects were trained on an airflow

£

velocity discrimination with and without a keylight. The y
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results demonstrated that the presence of a strong irrelevant
stimulus, the keylight, during airflow discrimination training
will retard the acquisition o% that discriminatibn¢ This
result can be predicted from the findingé of experiment 3 since
prior to the differential contiﬁgency takingfeféect the stronger
irrelevant stimulus may overshadow the weaker relevant stimulus.

L&t us examine the implications of the above findings.
Generally it is possible to state that if the stimuli an
experimenter is concerned with are very salient and the irrele-
vant cues present are not salient the irrelevant stimuli can
be disrega;déq. However,- if the stimuli that the experimenter
is interested in are not very salient while the irrelevant

<« ~ i
* cues are salient, the irrelevant stimuli cannot be aﬁerlqoked.

.

r

Examples of experiments which‘typify both possibilitie§
are those of éuttman and Kalish (1956) and Jenkins and Harrison
(fSGO)‘ In the former éxperiment animals were given non- .
differential training with the stimulus of interest -- wavelength --
being very salient. The irrelevant stimuli in the chamber
'%here not salient enough to overshadow the training stimulus.
Hence, all of their subjects evidence ‘good stimulus control
across a dimension of the training stimulus. However, in the
latter experiment animals were given nondifferential training
with the stimulus of interest -~ tonal frequences -- being less
salient, 'The irrelevant stimuli in the chamber, presumably

the keylight, were sufficiené{) alient to overshadow tonal
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5
% a

control. Hence, these subjects failed to show gﬁod stimulus
acodtrollon a dimension of the training stimulus. ’
Similar findings also exist in ghe discrimination -
learning literature. For éxample, it is common knowle&gq
that pigedns are betler at visudl thaﬁ auditory discriminations.
This result is likely to be partially determined by the fact )
that c;nstant'irrelevant cues of a visual nature ﬁay over;hédow
the relevant auditory stimuli early in training. This may
. also explain the discfépancy noted by Heise (1953) that pigeons
are poor at auditory discrimination learning although they have
fairly §ensitive hearing as determined by psychophysical methods.
. The results of chapter 4 can also be utilized to
explain two well known phenomena. The first of these phenomena
is the easy-to-hard effect in discrimination learning (James,
1890; Law;ence, 1952)., It has long been known that animals

pretrained on an easy discrimination do better on a more -
difficult discrim}nation along the same dimension than animals
pretrained on the difficult discrimihation. It will be recglled
that Haberlandt (1971) demonstrated that an irrelevant stimulus
acquires less con%rol when subjects are pretrained on an easy
discrimination than when they age pretrained on the difficult
discrimination. Haberlandt assumed that the aﬁkmals trained

on the difficult discrimination throughod% tge experiment
performed more poorly because of the control acquirgd by

the irrelevant cue. This difference in control between the
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two groups is probably du& to ‘an overshadowing effecé. Pre-
training on the easy problem enables the—relevané stimuli to
overshadow the irrelevant stimuli, However, pretraining on the
éifficult problem may result in the irrelevant stimuli over-
shadowing the relevant stimuli. The errorless training pro-
cedure employed by Terrace (1963) in which the subjects are
first traindd on an égsfidiscrim;nation, €.9., green'key vE™
‘ dark key,~and the gradually shifted to a harder’specté&l dis~-

crimination may be a special case of the easy~to-~hard, effect.

Thus, this procedure produces errorless discrimination learning

because it prevents irrelevant stimuli from acquiring control. a
e The second phenomenon relevant to the present thesis
A

is the effect of early-vs~late introduct%on of 8% in discrimina-
tion learning‘(Skinner, 1938; Terrace, 1963). Skinner (1938)
demonstrated that a brightness discrimination cénhbe acquired
by rats with little responding to SA if discrimination training
begins imﬁediately after bar press training. Terrace (1963)

A

g
found that subjects which had 5° introduced early during the

first session performed in a Fak superior manner, tac animals

Y
that had sh introduced after three weeks of pretraining on the

SD.

When subjects are given prolonged pretraining on an
SD they are exposed to many other stimuli in the chamber. FEach
of these stimuli will acquigg\zgme degree of control according

to its relative salience. Later when the subjects are given
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discrimination training the irrelevant stimuli will block con-
trol by the relevant stimuli to the degree Fhat they initially
have gained contéol. <o

If, however, the subjects are not givep pretraining
on the SD. there is not as much opportunity for irrelevant
. 'étimuli to acguire conyrol prior to discrimination training.
Hence, the relevant stimuli gain control more rapidly since
the irrelevant Eti@uli have less control over responding.
The results of experimen? 4 also suggest a possible'
rom application for the field of education. Difficult discrimina-
tion are often effectivelg introduced by employing errq;less
discrimination training procedures (Sidmanhand Stoddard, 1967).
This thesis suggests that this procedu’@ is effective primérily
because it prgﬁenﬁs irrelevant stimuli from acquiring control
over responding early in training. Another method.of pre-
venting irrelevant stimuli from acquiring control would be
the removal from the training envirogéeﬁghof as many irrelevant
’ stimuli as possible. Hence, subjects could be trained in a
special environment where the number of irrelevant stimuli
has been greatly reduced. When the discrimination was learned
-to criterion the irrelevant stimuli which were normally present
could be systematically reintroduced.

7
In summary, thes§ re;ults emphasize the importance of
” taking into account all stimuli present in an éxperimental
environment whenever the researcher is interested. in problems
in the area of stimulus control. Failure to do so can result

in these stimuli confounding the results of the experiment.

et b e g
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