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ABSTRACT

The present experiment was designed to investigate
discrimination learning between and within complex displays in
a concept formation task. The displays were characterized by
the presence or absence of a distinctive feature (human
form) which was constantly varied from trial to trial.
Subjects (pigeons) were able to acquire a discrimination

between feature-present and feature-absent displays when such

displays were assigned to positive and negative trials. Juch
differential training also caused responding within displays

to converge on that distinctive feature in preference to

other features which were common to reinforced and nonreinforced
trials. The discriminations developed by the training procedure
remained throughout extinction tests with "new'" displays. In
general, the development of stimulus contrél bétween and

within these dlsplays paralleled such development in simple
displays as reported by Jenkins and cainsbury (1969).
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CHAPTER I
INTRODUCTION

The behavior of organisms is rich with many examples of
animals learning to discriminate one situation from another
and learning to use features of complex stimull or situations
as cues for action., The parent Herring Gull learns to dis-
tinguish its young within a few days and restricts all its
activities to them, becoming indifferent and even hostile to
other Herring Gull chicks (Tinbergen, 1953). This learning
is often surprisingly acute. For example, the parent Gull
will recognize its young desplite an experimentally induced
alteration of their color or location. Guch learning based
on varying aspects or features of the same instance (i.e.,
the same chicks) is termed discrimination learning (cf. Kiley,
1968).

Animals can also learn to code complex stimuli or
situations into categories and thus simplify the environment
to some degree. For example, certaln song birds such as the
chaffinches can learn to distingulsh the song dialect of 1its
own community from those of other members of the specles
despite individual vocal differences (Wottebohm, 1970). Many

psychologists think of such learning as concept formation



(cf. Bourne, 1966), Concept formation allows the animal to
code features into categories and to respond to all instances
of the features in the same way; otherwise learning would be
overwhelmingly complex as the song bird would be forced to
deal with each individual song as an unique event. Thus,
learning of categories to respond to restricts the number of
response alternatives for the animal and facilitates his
action. The animal is said to "abstract" or to "generalize'.
Equally remarkable performénces havé been démonstrated.
in operant behavior laboratories where discrimination train-
ing procedures control the learning of abstractions and
generalizations. For example, Verhave (1959) trained pigeons
to discriminate between "good" and "bad" pills in a pharma-
ceutical manufacturing piant.' The fegular women inspectors
could select pills reliably, but they were unable to verbalize
their bases for selection. Using their accepted pills as
positive 1nstances and the pills they rejected as negative
instances, the pigeons rapidly acquired the concept of "good"
and "bad® pills. Similar FBeisibave bsen 6btainéd'by7Cumming"'
(1966) iﬁ training pigeons to inspect "good" and "bad" diodes
on an assembly line. Plgeons have alsé beeﬁ traiﬁed 6n such

diverse concept-like discriminations as "ships" vs. no ships



(Skinner, 1960), "people" vs. no people (Herrnstein and
Loveland, 1964), "o an-made objects" vs. natural objects
(Lubow, Siebert, énd Carr-Harris, 1966), "forms" vs. "colors"
(siegel, 1969), and "apparent movement" vé. no movemeﬁt '
(Siegel, in press). .Thus, the laboratary animal, like his
counterpart in nature, can learn to "abstract" or to "generalize".

Recently, there has been much céncern wiéh the méchanism
for such concept formation in subhuman species and with the
conditions that are necessary for such learning to take place
(Goldiamond, 1966). Less attention has been given to the
analysis of the resultant concept itself. In so far as concept
formation involves a discrimination between positive and
negative instances, the instances themselves may be considered
as "features"., In this sense, a feature is being defined as
an ébstracted characteristic common to a number of instances.
What 1s the development of the discrimination between and within
these features? Kow does this discrimination in "complex"
instances compare with discrimination in more "diécrete" displays
(e.g., Jenkins and Sainsbury, 1969)? . '

The research reported in this theslis represents an attempt.
to answer these questlions wlith respect to concept formation in

the pigeon. The research is based in part on the studies in which



the concept of "human being" has been investigated (Herrnstein
and Loveland, l§64; Brown, i966; Slegel, 1968; siegel and Honig,
1970). In all these studies, pigeons were differentially
$rained to respond to displays contalning people. The people
differed in color, number, size, dress, orientation, etc. The
pigeons learned to discriminate between the presence and
absence of humans. Although the performance of plgeons in such
artificlal situations 1s somewhat surprising, Herrnstein and
Loveland (1964) have indicated that the pigeon "rapidly forms
a broad and complex concept when placed in a siﬁuation that
demands one" (p. 551).

Since ﬁhe initial Herrnstein and Loveland study raises
a varilety of empirical questions, it seems appropriate to define
the 1limits of the present investigation. The ease and rapidity
with which the discrimination was acquired has suggested to
Herrnstein and Loveland that ihe plgeons elther already had the
concept at the beginning of the experiment or learned quickly
during initial trials. While the present theslis does not attempt
‘ to comment on this'diréctly, the raﬁid acduisitidn of”sﬁdh' |
"unfaniliar" concepts as "good" and "bad" diodes and pills
éuggests thét raplid and aécurafe leafniné of complex concepts

is nelther necessary nor sufficlent proof that the animal was



previously endowed with the concept, either innately or other-

wlse. Nonetheless, even 1f the animals learned how and when

to respond only in the experimental situation (cf. Goldiamond,

1966), this process 1s of interest in revealing how perceptual-
learning systems work and how they can be modified.

It should also be noted that the present theslis does not
address itself to a consideration of the general cognitive
abilities of avians. Interestingly, Thorpe (1961, 1963) has
reviewed numerous ethologlcal studies involving the identifica-
tion of specific human beings by various species of birds
despite "adverse" conditions of change in clothes, etc. He
cites thése as e&idence for "ideatlion and manipulation of
abstract ideas". This argumént has recently been expanded
(Thorpe, 1966).to indicate a complex avian consciousness in-
cluding anticipation, expectancy, self-awareness, aesthetic,
and ethical values. This theslis does not attempt to comment
on such eognitlive processes., However, the possibility of such
complex behaviors existing in the avian's natural milieu can
‘temper an initial excitement and perplexity about performance

in the laboratory.

Successive and 3imultaneous Concept Formation

Operationally, experimenters have chosen elther successive

or simultaneous methods of stimulus presentations in the study



subject
and
i in

us
1y,

sueal

-

and the

U
xtinction

one stinmu
<

earnin;
of

1
-

presencs

the

5150

hel
-~

nlex o

formation,
response

one

successive discrimination
stinulus con

In
st maxs
another respo

(or
while

mu

often

3.

3iscrimination

sSsive

0]

positi

-

discriminatiocn
btain

ané o
us discrimination,

tional successive
correct response

di

8

Ul

a

8]

ana

sucn comparison n
ake than when both display

VIO IR

-*
or difficulty of simultaneous and succe

oo
eagzse

rimeatal

e-rpe

(e
9
D
O

H.Q
aQ

o3
()

e

% g

[ 58

Giscrininated

to be

the stimuli

ditions waere

V4
“a

co

wnaer



successive discrimination is easler ithan
(Bitterman, Tyler, and Elam, 1955; VWodinsky, Varley, and

Bitterman, 1954). In addition, the relative difficulty of
the conditional successive discrimination increases as the
similarity of the two members of each pair of sitimull ian-
creases (Macaslin, 1954). 5till other experimenters have
observed no differences between go/no-go successive and

simultaneous conditions (e.g., CGrice, 19439).

)

A notation for the application ol some of these procedures
1o concept formation may be helpful. Consider the gensral

-

ormation paradign where B representis a dlstinciive

"human being"; then A represents all those

-

fhunans=-present

other features which are comnon to both
"humans-gbsent" displays. These common & features might in-
clude nouses, cars, landscapes, and evenr su

Since both & and B features

Q

o

a1

notation becomes 4y  , end By, ,p. In effect, the animal

never encounters a constant or inveriant A or 3 and rust learn
to abstract or to generalize in order to select correcily Ifrom

hange from trlzl to trial a sulvabnle



among composite displays. The actual training procedure becones
A1,..nB1...n4#), Ay, .n(-). Here the animal is rewarded for
responses to displays contailning some instance of B along with
some instance of A but 1s never rewarded for responses toA
instances of A alone. This procedure can be administered both
successively and simultaneously. Let B%* represent the resultant
feature which 1s abstracted or generated from By, 6 ,n. Then,

A% becomes the resultant common feature which is generated from
Aqy,..ne But because Ay,,.,n features are always present as
background to By,,.n, A% 1s also generated from the general
background of By, ,.ne

In the actual discrimination of concepts like human belng
it 1s not always easy to define B*, J3ince the animal in the
above example never encounters a constant and unchanging B, it
1s a question of philosophy rather than empiricism how one
would define B¥* when only By , are avallable as examples.

The discrimination of B¥ can be remarzably strong. For
example, Siegel and Honig (1970) trained one group of pigeons
‘on the problem A1,..nBy,..n(+), Ay...n(-) with successively
presented slides similar to those used by Herrnstein and Love-
land (1964). Another group was trained on the same problem
using simultaneous presentations of the positive and negative
displays. Both groups acquired the discrimination, although

the simultaneously trained birds were consistently inferior to



¥

the successively trained animals. Good discrimination perform-
ance was maintained when new slides were successively presented
in extinction sessions and even when slides were rotated 180°.
A series of "matched-pairs tests" was employed in which bairs
of displays Qere simultaneously éhown. Fach pair consisted of

two photographs of the same scene which differed only in that

-one or more human forms (B1...n) were present in one picture

and absent in the other. Rather good discrimination performance
was maintained throughout the "matched-pairs tests". &5ince
the Al...n features used in thé matched~-palrs were‘identical,
differences in stimulus control between displays would appear
ﬁo be assoclated with the presence or absence of Bi...n*
However, since the human feature .in one member of a matched-
palr was replaced by additional AI...n features, 1t remains
possible (although highly unlikely) that stimulus control was
based on "amount" of Ay, , ., features present.

Takeﬁ togetﬁer, the Herrnstein and lLoveland (1964) and

Siegel and Honig (1970) studies demonstrate unequivocally that

' responding of the pigeon may come under control of some complex

feature or 1integrated compound, Siegel and Honig have noted
that this control was imperfect and discrimination ratios did

not reach the high levels normally obtained with pigeons on
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simple visual discriminations. Since most animals showed 60-
70% responding to the positive (human-present) displays, the
discrimination reflects ilmperfect extinction to the negative
displays. One possible explanation is to postulate that one

or more of the common features acquired control over responding.
In other words, the failure of a strong discrimination between
positive and negative displays may reflect a strong tendency

to respond to a common feature regardless of the presence or
absence of humans on the same display. Other experimenters
have noted that in training subjects to respond differentially
to complex stimull, stimulus control is often acquired by
multiple elements (e.g., Johnson and Cumaming, 1963; Born and
Peterson, 1969). Nonetheless, it is rarely observed that these
elements or features are the occasion for similar levels of
responding when they appear separately. While this observation
prompts many experimenters to employ explanatory devices such
as "attention" and "acquired distinctiveness of cues", Terrace
(1966) has caﬁtionea that such terms add little to oﬁr under-
standing. Whatis needed, therefore, is a specification of

the conditions under which stimulus control does and does not
develop to separate features of a complex display or an inte-

grated compound of such features.
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While the plgeon i1s capable of utilizing intezrated compound
features of positive instances (Williams, 1967), Reynolds (1961)
has noted that a pigeon may be responding to only one of several
aspects of a discriminative stimulus., In other words, every part
of the positive instance that is present when a reinforced
response occurs may not subsequently be an occasion for the
emission of that response. Indeed, Jenkins and Sainsbury (1969,
1970), recording the locus of the peck-response, suggest a
schema for the development of such stimulus controi to separate

features of simple displays.

The Jenkins and Sainsbury Experiments

The Jenkins and Sainsbury experiments (Jenkins, 1967; Jenkins,
1969; Jenkins and Sainsbury, 1969, 1970; Sainsbury, 1969;
Sainsbury and Jenkxins, 1967) were concerned with relatively simple
visual discriminations and did not, in effect, utilize concept
formation. In one experiment they examined the learning of a
palr of displays: one member of the palr contained a circle as
the diStinctive feature (B) and two stars as the common features
(A); the other member of the pair contailned a star as the
distinctive feature (B) and two circles as common features (4).
One group of pigeons was trailned on the discrimination AB(+), A(-)

and this was referred to as the feature-positive condition.
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Another group was trained A(+0; AB(-) and termed the feature-
negative condition. The displays appeared as bright objects
on a dark ground and were rear-projected onto a translucent
response key consisting of four independently operable sections.
The location of the features (stars and circles) was randomly
changed from trial to trial. Responses on each quadrant of
the key were recorded along with the location of the features.
It was found that the pattern of key pecks converged on the
distinctive feature when it appeared in positive displays.
Jenkins and 3ainsbury (1969) report that the learning of the
discrimination was facilitated when the distinctive feature
appeared on positive trials. This has been termed the feature -
positive effect and 1s marked by response convergence on the
positive feature. When the feature appeared on negative trials
the discrimination did not develop. Recently, Jenkins and
sainsbury (1969) have expanded these results into a theory of
feature selection:

The central idea 1s that successive discrimination

training in the arrangement A3(+); A(-) leads to a

simultaneous discrimination within the compound,

AB, display. The animnal comes to choose 3 because

the response to B 1s always reinforced wnile the

response to a is only sometimes reinforced. The

cholce of B within the AB display prevents A fron
gaining strength on A3(+) trials. Since & i1s still
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occurring on A(-) trials, the response to A ex-
tingulshes.

In the feature-negative case, where training
is under the arrangement a(+); s#3(-), a simul-
taneous discrimination between A and B also forms,
but the shift 1s away from 3B toward s; that is,-
in a direction opposite to that of the shift
when the distinguishing feature is on the positive
display. The shift occurs because the probability
of reinforcement for a B-response 1is fixed at
zero, while for an A-response, reinforcement-
probabllity remains relatively high. In the
present experiment, the probablility of reinforce-
ment for an A-response can hardly fall below .5,
since positive and negative displays are presented
equally often. since a reinforcement probability
of .5 1s more than adequate to malintain responding
to 4, the no-go side of the discrimination is not
achieved,

Jenkins and Sainsbury, 1969, p.l40

This explanation stems directly from data obtained on
response location for spatially separate stimull. This schema
assumes that the displays consist of (i) single distinct features
and (ii) physically separate features. 4ssumption (i) is ful-
filled by the use of bright stars or circles projected against
a dark ground. Each feature occuppied an area of 6.35mm in
' diamgter and they were shown on response keys 36.49mm on a side. -
Assumption (ii) was fulfilled by dividing the display surface
of the response key into four equal sections, each section 17.47mm

on a side and limiting one feature to one section. The sections
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were further separated by a 1l.59mm wide metal strip which
presumably served to "prevent the activation of more than one
sector by a single peék" (Jenkins and Sainsbury, 1970, p.47).
With these two conditioﬁs fulfilled, Jenkins and Sainsbury
further assumed that A and B do not interact perceptually.
That 1s, & maintains its identity when it appears with B and
the learning on any given trial can be assigned exclusively
to one feature. In other words, as long as the features are
spatially separate they can also be functionally separate.

In support of this notion of non-perceptual interaction, the
authors report that when features (red and green dots) are
displayed together in compound clusters (l.5mm separation
between features) discrimination learning was still facili-
tated when the features appeared on positive trials (although
some learning of the successive discrimination was observed
in the feature-negative case). In addition, the distinctive
feature 1s still responded to when presented singly--a fact
which indicates functional separation. While one could argue
along Gestalt lines (cf. defka;'l935)'ﬁhat AB and A displays
are unique perceptual configurations, there would be no need
therefore for their assignment to positive and negative trials

to affect the outcome of the discrimination (Jenkins and



Sainsbury, 1969, p.l57). It is reasonable to conclude that
functional separation 1s possible even when physical separation

is minimal.

Thus, a critical requirement of this schema is the use of
- distinct functionally separable features as the stimuli,
Presumably these features do not interact perceptually and to
connote this Jenxins and Sainsbury refer to "punctate" displays.
However, some degree of perceptual 1nteract16n is ine&itable.
For example, "although one can speak of a dot as a distinguish-
ing feature and the lighted background as a common feature, the
distinguishing feature cannot be entirely separate from the
common feature" (Jenkins and Sainsbury, 1969, p.157). since
functional sepération was nonetheless achieved in thelr experi-
ments, 1t remains plausible that features are defined as
functionally separate as long as responses can be made directly

to them.

Application of Jenkins and oainsburv S Jchema to Concept Formation

‘in the Present Experiment

The plan of the present experiment was to assess the
application of the Jenkins and sainsbury schema to the study of

stimulus control in a concept formatlion paradigm.

15
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Jenkins and 35Sainsbury note that simple discriminations
between AB and A displays appear to develop in accordance with
the development of discriminations within AB displays. The
importance of the requirement of functionally separable features
is twofold. Firstly, in order to assess the application of this
schema to discriminations involving features of the A1...n

and B variety, 1t only becomes necessary to allow respond-

1...n

ing to the features themselves., .secondly, since features can
be defined as functionally separate as long as responses are
made directly to them, spatial distributions can be varied.

Thus, B1 features can be arranged so that they are never

ool

completely separate from A1 which can serve as nonspatially

...n

separate background features as well as spatially separate

common features. In this way we galn the opportunity to use
response locatlion data to assess the application of the schema
to a situation in which features are both spatially separate
(common) and yet part of a nonspatially separate display
(background). In other words, common and background features,
while'different ffom each dther in Jenkihsnandhsainébury's
experiments, are the same in the presént study.,.

Jenkins and Sazainsbury (1969, 1970) have attempted to ex-

plain the development of stimulus control through differential
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reinforcement for a continuum of displays renging from spatially
separate features to nonspatial cases. Wnlile their experiments
anchor one end of the continuum with spatially separate
features, the authors are forced to approach the application
to the nonspatial case through theoretical implications (Jenkins
and Sainsbury, 1969, p.159ff.). By arranging A1...n features
as nonspatially separate bacxground features and spatially
separate common features, another point of application of the
schema may be tested along this continuum.

The previous discussion on concept formation has stressed
the parallel between these concept paradigms (AI...nBl...n’
Ay . ) and that of Jenkins and Sainsbury (4B; #&). Recalling
Jenkins and Sainsbury's use of the same circles and stars as
A and B features, the use of complex and constantly varied
features‘(Al...n and B1...n) in the present experiment invites
elaboration. When all instances of a feature (either A or B)
are ldentical or even similar to each other the tendency to
make the same response to each i1s great and learning of a
discrimination between displays characterized by their presence
or absence 1s relatively easy. But if there is much variability
among positive (and/or negative) instances of a feature (as

in B]...n) learning 1s relatively difficult. Thus, the present

experiment presents a dramatically different problem to the
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animal, the difficulty of which is largely a function of the -
degree of generalizatlion among the features. To solve such

a problem the animal comes to learn a concept since all nega-
tive instances of a given concept are paired with extinction
end all positive instances are paired with reinforcement and
come to govern responses. Thus, a discrimination between
displays develops. By providing for the functional separation
of A1...n and BI...n features, it can be determined whether

such discrimination is marked by the development of a discrimina-
tion within the positive display itself (cf. Jenkins and
Sainsbury, 1969). A&s noted earlier, such a within-display
discrimination can develop for spatlially separate features.
Indeed, Jenkins and Salnsbury have stressed the spatial

selection of B within displays as necessary to the achievement

of discrimination between displays. To assess this in the
present experiment, B1...n distinctive features will be spatially

separate from A& common features. The plan was to employ

1...

displays in which the feature B1... was located 1in a separate

n

quadrant and responses could be made diréctly tor ke gl sguchy,

B fulfills the requirement of functional separation. VWhile

1..On

common features were present iln quadrants adjacent to Bjy,,.n»

they also tended to be present as nonspatial background features
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to Bl...n itself. Such a spatial arrangement of B1’..n and
Ay, . .n insured that they were also part of an integrated
compound.

While the basic experimental paradigm 1s similar to that
used by siegel and Honlg and the physdecal arrangement for
recording peck-location 1s similar to Jenkins and Sainsbury's
method, several differences between those studies and the pre-

sent one seem potentially important:

l. Displays in the Jlegel and Honlg study were projected
onto screens located above circular response keys. Catania (1964)
has suggested that such a location may not be optimal for the
visual acuity of the pigeon., This could partially account for
fallure to achieve high levels of discrimination. While the
pigeon 1s near-sighted and presumably the dlsplays above the
response key are clearly seen, a peck at the display itself
"involves, at least to some extent, a simple kind of stimulus
6larification, in that the peck guarantees that the stimulus 1is
- 4n focus for the pilgeon'"(Catania, 1964, p.365). Thus, while
in the present experimeﬁt the plgeon 1s required to respond to
the displays themselves in order to provide feature-tracking
location data, this technique presumably insures optimal visual
aculty as well. Indeed, it has been more simply stated that

pilgeons look where they peck and this functions as an "overt
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orienting response" (Mackintosh, 1969) providing "facilitative
feedback" (Estes, i969). .

2. .Jenkins and Salnsbury projected their displays directly
onto the response keys (screens). Wnen the pigeon pecked at
the display it moved a small distance necessary to operate a
‘micro-switch and this movement produced a small amount of visual
distortion. While the importance of such response-produced
distortion in simple star and circle displays is dubious, Jlegel
and Honig found a deterioration of discriwmination when slides
were projected out of focus and suggest that this variable
should be maximally controlled with complex displays. Therefore,
displays in the present experiment were projected onto
"polacoat" screens located behind clear plexiglas response keys.
Responses.to these keys did not affect the displayed 1image.

3. Jenklns and Sainsbury used responae keys which consisted
of four individually operable sections. The sections or quadrants
were further separated by a l1l.59mm wilde metal strip. While
this design prevented activation of two quadrants by a single
peck and 1nsured"fuhctional'sepafétion'of‘thé'feétufes, 1t”
virtually provided four separate keys for responding. Although
the varability of response location for the pigeon appears to be
more a function of the schedule of reinforcement than anything
else (cf. Eckerman and Lanson, 1969), it i1s reasonable to suspect

that the actual physical separations of the quadrants could
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inhibit a certain amount of alternation of responding between
quadrants. More importantly, a cruclial characteristic of the
common features A1...n i1s that they are continuous betweep all
quadrants. 4aAnd since we have already noted that functional
separation 1s possible even when physical separation is minimal,
the quadrants in the present experiment were positioned adjacent
to each other without a dividing metal strip. Zeparation was

a maximum of .794mm. This construction allowed one peck to
activate two quadrants thus increasing reinforcement probability.
However, such a response would require double the normal force
requirement and there are already a number of studles suggesting
that the rate of responding to the higher force would decrease
while the response rate to the lower requirement on the four
individual quadrants would remain unaffected (e.ge., Elsmore

and Brownstein, 1963; Notterman and iintz, 1965). ILionetheless,
as an additional control for two-quadrant pecks, a delay

circuit was arranged which required at least a 50msec. interval

between pecks in order for them to be recorded.

For purposes of clarity, the subscripts ¢,,.,n will be

eliminated in the chapters which follow.
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CHAPTER II
METHOD

Subjects
subjects were 32 loft-reared homing pigeons (Columba livia).

The majority of the birds were of the Blue Barred Rock breed and
all were experimentally naive., ZSubjects had been reared locally
and had contact principally with only two human caretakers prior
to the experiment. At the start of the experiment all subjects
were approximately 12 months old and welghed between 285-430g.
All subjects were malntained at 70% of their free-feeding welghts
and housed in separate home cages with free access to water and

grit.

Apparatus

All subjects were trained in an operant discrimination unit
equipped with two 7.62cm x 7.62cm "polacoat" screens, one on
each side of a centrally positionea food maéazine° Four individually
pperable response keys, constructed from clear plexiglas and
3.,81lcm x 3.,8lcm x 1.588mm, were placed over each section. 4
string-gauge was employed to adjust and equalize the force require-

ments on all response Xeys and this procedure was repeated weekly.
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Displays were rear-projected onto the screens by means of
a Kodak Carousel 800 projector (modified by Lehigh:Valley
Electronics, no. 1649) equipped with a 1.0 neutral density
filter. Two experimental units of identical design were
equipped in this way.

Programming and recording equipment was located in an
adjacent room. A continuous white masking noise was fed into
loudspeakers located both inside and outside of the experimental
units. Responses were recorded for separate quadrants during

both training and testlng.

Stimulil

All stimuli consisted of 35mm Kodachrome II or Extachrome
color transparencies (slides) which had been photographed with
a single lens reflex camera equipped with an automatic exposure
meter. The four types of stimull used and a notation for them
are shown in Flgure l. The displays containing B features in-

cluded people of various races, ages, slzes, and dress. They

were displayed in various attitudes and occupled various positions .

in and portions of the quadrant in which they appeared. The
amount of a person displayed varied. ©ror example, in some dis-~
plays only an arm or a head would be visible, while others
displayed an entire body or several people in a group. The A
features also included a wide variety such as landscapes, houses,
cars, various objects, and subhumén specles. Several representa-

tive displays are reproduced in Figure 2. There were






Figure 1. 3Schematic representation of the four types of displays

used in the experiment.
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approximately 2000 different displays utilized in this ex-
periment: 500 AAAA, 500 BBBB, 500 a388B, and 500 BAAA. In ABBB

displays, A 1s referred to as the distinctive feature while B

features are common to ABBB and BBBB displays. Conversely,
in BAAA displays, B is referred to as the distinctive feature
and 4 features are common to BAAA and AAAA displays. In the
actual training procedure (see below), displays are also
classified in terms of the presence or absence of the B feature,
i.e., the presence of a person. J3legel and Honlg questioned
whether any feature of the stimuli correlated with the presence
of human forms may have provided a spurious basis for the
discrimination. For example, B features were often assoclated
with articles of clothing, jewelry, etc. Thus, an attempt was
made (in the photographing of displays) to insure that these
articles and objects appeared equally often as 4 features
without humans.

Because of the difficulty in constructing matched-pairs
(See Testing Procedure below) of the ABBB variety, mannequins
(Barbi?dolls) wefe frequentiy dséa in.ﬁléée 6f féalApeople; The
use of mannequins permitted greater flexibility in the design
of these displays. Approximately 50% of the Test 2 slides of
the ABBB/BBBB varliety were mannequins and this was the only

occassion in which mannequin slides were used in the experiment.



General Procedure

Subjects were randomly divided into eight groups of four
subjects each.! A4l1 subjects were glven conventional magazine
training and shaping of the key-peck response during the first
session., During this procedure only one screen was illuminated
with white light and responses could be made to any quadrant.
Following this, subjects were given four sessions of training
on a variable interval one minute (VI 1) food reinforcement
schedule. Reinforcement consisted of a 3-sec. access to mixed
grain., These initial sessions were terminated when fifty
reinforcements were received. In the fifth session, all sub-
Jects receilved 40 trials in which white 1light was displayed.
Each trial was 90-sec. long followed by a 1lO-sec. inter-trial
interval (ITI) during which time the screen was dark and
reinforcement was not available. During the ITI an automatic
shutter located 1n the projector was closed thus darkening the
screen,

Followlng this preliminary training, subjects received
elther 25 or 60 daily sessions of discrimination training,
depending on which group they were assigned to. xach sessilon
consisted of 40 successively presented slides (one screen
1 The elght groups were all treated with similar procedures,
save for reinforcement contingencies, While reported togethner,

Groups rPG, FPS, and rPP2 were run first and at the same time,
followed by tne rest of the groups.

25
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11luminated). Each session included 20 positive (+) and 20
negative (=) trials of 90-sec. each, randomly alternated in
Gellermann series (Hilgard, 1951). The location of features
within the displays was randomly changed from trial to trial.
Thus, in 20 trials the distinctive feature (B of BAAA and

A of a4BBB) was presented five times in each quadrant. Each
trial was followed by a 1lO-sec. ITI. The slides presented
during a session all differed from each other, and different
sets of slides were presented in each session. 3lides were
randomly selected for presentation during specific sessions.
The slide library was suificlent to program about 25 sessions
(1000 slides) for a given group without repetition. Only one
screen was llluminated within a given session, but screens
were randomly alternated between sessions (cf. Gellernann

series).

Design

Table I presents the elght treatment groups, thelir positive
and négativé'dispiays, and'the.spécific‘feéponSe and réinforce%
ment contingencies. Treatment groups are always classified in
terms of the presence or absence of a B feature (human) on
reinforced displays. The eight groups in Table I are defined 1in

the following manner:



TABLE I.

Notation and description of the eight experimental

groups.
GROUP NOTATION DESCRIPTION
N
Feature- Only responses to quadrant
present with B feature can be
specific P33 + = rewarded
Feature- = kesponses to any quadrant
present 8 n] of display with B feature
general PG + - can_be rewarded
Feature- 2 Responses to any quadrant
present N aln of display with B feature
general .la absent can be rewarded
negative FPGN — +
Feature- \ ' Responses to any quadrant
present 5 e 2 of any display can be
pseudo ) 2 R} rewarded 50/ of the time
VI 1 FPP1 + + on VI 1
Feature- ) X nesponses to any guadrant
present n B of any dlsplay can be
pseudo . " i rewarded 100% of time on
Vi 2 { L FPP2 + - Vi 2
Feature- [~ NN only responses to guadrant
absent §§§§ §£§§ with B feature absent can
specific FAS S S be rewarded., Complement of FKPf
Feature- A N Responses to any quadrant
absent E'—\%\\\-\ %\\ of display with B feature
general FAG NN S§& absent in one quadrant caen
+ = be rewarded., Conmplement of rPG
Feature-~ - vl responses to any quadranty
absent « N ,“Q§§ of any display can be
pseudo NN N rewarded 50% of the time on
VI 1 FAP1 ' N 3 VI 1., Complement of FPPI1

4+ = marks displays which are positive and can be rewarded

— = merks dlisplays which are negative and cannot be rewarded

s = marks quadrants on which responses can be rewarded
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Feature-present refers to displays characterized by the

presence of human feature (3) in one quadrant. In other words,
the human features are the distinctive features while landscapes
and related objects are common features. Feature-present
specific (FP.) designates subjects who received positive dis-
plays of the BAAA variety and negative displays of the AAAA
variety. In these positive displays, the subjects were
required to respond specifically to the quadrant in which the

B feature was present. Feature-present general (F?G) designates
subjects trained BAAA(+), AAAA(-), Here, responses made
generally to any quadrant of the positive display could be
rewarded and this group is analogaqus to Jenkins and Sainsbury's
feature-positive condition in which spontaneous tracxing of

the B feature can be assessed. 3Zimilarly, the reature-present
specific group enables us to determine 1if tracking of the B
feature can be forced if it does not emerge spontaneously. The
Feature-present 5eneral negative zroup (FPGWN) were trained
BAAA(-), 4AAA(Y¥). This is the opposite reinforcement condition
from FPG and comparable to Jenkins and sainsoury's feature-
negative training condition. Here, responding 1s allowed to
shift away from the human feature which appears on nonreinforced
trials. Both feature-present pseudo groups (FPP1 and FPP2)

received non-differential training on BAAA and AAAA displays in



p—

28

order to assess baseline performance and any natural response
preferences which might develop between and/or within displays.

Feature-absent refers to displays characterized by the

absence of a human feature (B) from one quadrant. In other

_ words, the human features are now comaon features while the

landscapes and other related features appear as the distinctive
feature in one quadrant. Feature-absent specific (FA3)
designates subjects trained ABBB(+), BBBB(-). Here, subjects
were required to respond specifically to the single quadrant

in which the human was absent (A)., This group can be con-
sidered the complement of feature-present specific. 5Similarly,
Feature-absent general (FAG) refers to subjects trained ABB3(+),
BBBB(~-) and responses to any part of the display with human
feature absent from one quadrant could be rewarded. This group
is the complement of feature-present general. reature-absent
pseudo subjects (FAP1) received non-differential training on
ABBB and BB3B displays.as complementary procedure for feature-

present pseudo groups. In general, Featwue-absent groups were

'designéd to assess the interchéﬁéeébiiiﬁy'of'A éhd.B'featufes

in the present concept experiment. Jenkins and Sainsbury ran
groups 1in which they observed that the designation of A or B as
the distinctive feature made little difference in the development
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of between or within-display discrimination. Their groups
were symmetrical with respect to the use of discrete stimulil
(circles and stars) as common or distinctive features. Juper-
ficlally, the Feature-absent and Feature-present groups
represent a similar symmetry, at least in terms of notation.
However, while A1...n and B1...n are interchanged in these
groups, the background features (A1...n) are not. Thus, the
interchange of & and B in the present design results in a type
of asymmetry. The consequence of this asymmetry méy be assessed
by coaparing Feature-absent and Feature-present groups.

When reinforcements were avallable they were obtalnable on
a variable interval one minute schedule (VI1). The single
exception to this was Group FPP2 where reinforcements were
avallable during all trials on a variable interval two-minute
schedule (VI 2). Reinforcements consisted of a 3-sec. access
to mixed grain during which time the displays remained on the

screen but the magazine was illuminated with white light.

Iesting Procedure
At the completion of training all subjects were given two

tests 1n extinction sessions., Five regular training sessions

" Intervened between the two tests.

Test 1 consisted of 40 "new" slides (not previously shown)
successively presented in 30-sec. trials with a 10-sec. ITI.

Of these 40 slides, 20 were positive displays and 20 were
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negative displays all randomly alternated.

Test 2 consisted of 20 matched-pairs of slides simultaneously
preéented in 30-sec. trials with a l1l0-sec. ITI between trials.
Each matched-palr consisted of two slides of the same scene
which differed only in one quadrant. For subjects trained on
displays of the BAAA/AAAA variety, the AAAA display of the
pair was identical to the BAAA display with the exception that
one or more human forms or parts thereof were contained in the
quadrant designated B, Thus, the exact notation of these

matched-pairs becomes, for example:
B1A2A3A4 4 §1A2A3A4

The quadrant By actually contalined 44 with the addition of the
human feature which usually obscured much of Ay, For subjects
trained on the displays of the ABBB/BB3B variety, the ABBB
display of the pair was identical to the 3BB5 display with the
exception that the B feature was removed from one quadrant
leaving only the remaining 4 feature. Thus, the exact notation

'6f these matéhed-péirs becomes,.fof exaﬁﬁleﬁ.

Examples of both types of matched-pairs are shown in Figure 3.






Reversal Training

As a supplementary procedure, Groups FP3 and FPG were
given FPGN training for 60 additional sessions and again

tested with a new Test 1 and a new Test 2.

31
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CHAPTER III
RESULTS

Measures

Trial-by-trial responses to each display were recordéd
throughout training and testing sessions. Trial-by-trial
responses to each quadrant were also recorded for each subject.
The discrimination ratio (DR) was used to describe the percentage
of the total responses in a session made to positive displays.
Algebraically, the DR equals 100P/(P+i) where P is the
number of responses made to displays contalning the distinctive
feature and N the number made to displays not containing the
distinctive feature. similarly, a convergence ratio (CR) was
used (1) in the case of the feature-present groups to describe
the percentagé of responses to the distinctive feature quadrant
(B) against the total of responses to all quadrants of the
feature-present display (BaAAd). &lgebraically, this CR (i)
equals 1003/ (Bts+A+A). The CR was also used (ii) in the case
of feature-absent groups to describe the percentage of responses
to the distinctive feature-abséent quadrant (A) against total
responses to all quadrants of the feature-absent display (ABBB).
Algebraically, this CR (ii) equals 1004/(A+3+B+B). 1In other

words, the DR was a measure of discrimination performance
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between positive and negative.displays while the CR was a measure
of performance within the distinctive feature displays.

With no difference between response rates to positive and
negative displays, the DR is 50, If a subject responds exclusively
to displays containing the distinctive feature the ratio is 100.
"DR's less than 50 indicate an avoidance of the displays con-
taining the distinctive feature., iimilarly, if there 1is no
difference between response rates to the feature-present quadrant
(B of BAAA) or the feature-absent guadrant (A of ABBB) and the
responses to the other qudadrants of that display, the CR is 25,
Early in training one would predict that all subjects would have
a CR close to 25. 1If responses during training converged on the
feature-present or feature-absent quadrant, the CR would be
expected to increase gradually and approach 100, If, however,

a subject tended to avoid this quadrant, the CR would decrease

to values less than 25,

Training Results

. The mean CR's and DR's in blocks of five sessions throughout .
training are presented for each group separately in iFigures 4-11.
Mean DR's and CR's for each of the first five training sessions
are also included in these figures. DR's and CR's achieved in the
last block of training for each bird (Pre-Test 1) are also presented
in Tables II and III along with testing results which will be

discussed later.
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The results for FPG are presented in Figure 4. Here both
the DR and CR show only a very small increase over sessions
reaching a mean DR of 58 and CR of 43 in the last block of
training. WVWhile these ratios are not overly impressive they do
represent substantial increases over the DR of 50 and CR of
25 expected by pseudo training alone (See Appendix C). Thus,
subjects were able to acquire a discrimination between feature-
present and feature-absent displays when such displays were
assigned to positive and negative trials. Concomitantly, a
within-display discrimination formed with a convergence of
responses on the distinctive feature when it appeared on posi-
tive trials.,

The results for Group FPS are presented in Figure 5. The
DR here appears to increase gradually over sessions until a mean
terninal ratio of 68 is reached. The CR increases dramatically
over initial sessions until 80-907% of all responses to the
positive displays are being given to the quadrant containing the
B feature. Thus, when responding was demanded to the distinctive
feature (B of BAAA) & drematic within-display diserimination formed, |

Groups receiving pseudo-discrimination training showad 'no
noticeable development toward discriminating between- or within-
displays reaching asymptotic DR's near 50 and CR's near 25

(Group FPP2, Figure 7; Group FPP1, Figure 8; Group FAP1, Figure 11).
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training sesslions are

opresented in rFigure 6. Here the DR shows a gradual iacrease

present displays because such displays appeared on negative
trials Tfor tanis group. However, wlithin the feature-presenti
displays themselves, the group as a whole did not avoid the
feature (B) gquadrant (mean CR in last block=23.8). 3ut, taree of

the four subjects wlthin thls group dia show avoidance ol 5 with

final block CR's of less than 25 (22, 13, and 17 respectively ,

xean ratios Tor G P FAG are presented in Figure 9. Here
discrimination between-displays is surprisingly good dauring early

sessions but gradually decreases to e mean of 54, Concouitantly,

the OXR shows & gradual increase (o a terminal mean of 33 indicating
a small preference 1ln responding ito the feature-absent guadrant.

It snould be noted that this group was trained for only 25
seéssions. Usually groups trained for 60 sessions did not show
$

discernible chenges in either DR's or Ck's after 25 sessions.

s ratios cheange noticeably tnroughout training
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positive and negative displays. However,vthe hean CR 1ncreases
gradually to a terminal 45 indicating a marked preference in
responding to the feature-absent quadrant. Group FA:S was 8lso
trained for 25 sessions. While the performance of the complement
group (FPS) did not change noticeably after 25 sessions, caution
must be taken in interpreting these final block ratios as
asymptotic. -

To summarize the results thus far, subjects were able to
acquire a discrimination between feature-present and feature-
absent displays when such displays were assigned to positive and
negative trials. VWhen responding was demanded to the distinctive
feature (B of BAAA or A of ABBB) & within-display discrimination
formed with a convergence of responses on the distinctive feature
when i1t appeared on positive trials. Three out of four subjects
in one group (FPGN) avoided (to a slight degree) the feature
wvhen it appeared on negative trials. When responding was re-
quired only to the display containing the distinctive feature
(FP@ and FAG), a small but consistent preference for responding

to the feature itself developed within-displays.

Testing Results (Within Groups)

Results for the last block of training (Pre-Test 1), Test 1,

retraining (Pre-Test 2) and Test 2 sessions are presented in Tables
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II and III in terms of DR's and CR's for each subject. 4ll
Pre-Test 1 ratios represent the means for the last five sessions
prior to Test l. All Pre-Test 2 ratios represent the means for
the five retralning sessions given between Test 1 and Test 2.
It should be noted that for groups in Table II, Pre-Test 1
refers to sessions 55-60, while for groups in Table III, Pre-Test 1
refers to sessions 20-25. Hence, ratios are presented under the
column labelled "3ession 25" (Table II) representing the means
for sessions 20;25 and can'be compared with Pre-Test 1 ratios
in Table III.

Analyses of variance were carried out on the variates TI-T5
for Groups with 60 training sessions and TI-T4 for Groups with
25 training sessions (DR's only) and these are reported in Table
IV. Parallel analyses of variance were carried out on the CR's
only and these are presented in Table V. 4n r value is also
listed for each analysis and this indicates the maximum number of
mutually orthozonal contrasts rejectable among the group means
(cfe Rodger, 1967a, 1967b). ‘
N Téble II pfesénts the resulﬁs.fdrnéirdé'l-ié ali of thchb»-.l
received 60 training sessions prior to Test 1. It is clear from
a comparison of performance at session 25 (T1) with session 60
(TQ) that there was generally little change during the last 35

sessions of training. Generally, birds in both Groups FPG and FPS
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TABLE II. Pre-Test and Test results for blrds receiving 60 training sesssions.
T2 T3 4 Tg -
GROUP BIRD SESSION 25 PRE-TEST 1 TEST 1 PRE-TEST 2 ' 2§§% 2.
DR CR DR CR DR CR DR Ck DR CR
FPG 1 53 44 65 51 69 56 68 55 T4 97
2 54 42 54 33 55 40 56 37 69 85
3 58 41 59 42 62 60 63 49 81 60
4 55 39 56 44 61 57 56 45 35 48
mean  55.0 41.5 5855 42,5 681 53.,3:.60,8 46,5 62.5 T72.!
FPS 5 63. 88 65 81 66 89 48 99 7 94
6 71 85 73 76 70 91 64 83 76 83
7 65 95 75 92 4 95 71 90 93 95
8 67 83 66 88 70 1 73 79 80 92
mean 66.5 87.8 69.8 84.3 69.3 91.5 64,0 87.8 81.5 91.(
FPGN 9 59 28 72 17 65 19 72 24 68 20
10 61 27 65 . 22 72 25 59 25 47 14
1 6. 20 59 18 59 41 59 29 49 19
12 58 33 64 38 68 33 64 41 53 25
mean 595 28.3 65.0 23.8 66.0 29.5 63.5 29.8 55.5 19.!
FPP2 13 46 - 29 51 27 47 75 51 26 45 14
14 44 51 43 21 47 39 50 28 46 29
15 49 34 50 28 49 29 48 28 52 23
16 48 24 49 23 47 32 43 20 47 25
mean  46.8 29.5 49.5 26.0 47,5 33.8 49.3 28.0 47,5 22.¢



TABLE III. Pre-Test.and Test results for birds receiving 25 training sessions.

o To T T4
GROUP BIRD SESSION 25(Pre-Test 1) T=3T 1 PRE-%EST 2 T&EST 2
DR CK DR CR DR CR DR CR
FPP1 17 50 28 51 35 51 26 45 32
18 49 31 54 28 50 28 44 32
19 52 22 51 39 48 28 45 15
20 48 27 43 24 48 30 79 55
mean 49.8 270 51.0 31.5 49.3 28,0 53¢3 28.5
FAG 21 50 33 75 29 60 31 34 40
22 55 29 71 27 65 31 56 38
23 49 43 61 47 68 38 52 27
24 58 28 67 26 61 25 56 33
mean 53.8 3363 68.5 32.5 63,5 31.3 49,5 34,5
FAS 25 52 45 59 51 60 42 49 38
26 De 42 60 47 53 47 46 37
27 52. 47 1 37 61 38 EX g 47
28 55 50 67 42 58 46 53 43
mean 52.8 46,0 64,3 44,3 58.0 4343 46.3 41,3
FAP1 29 48 24 57 23 54 17 44 17
30 49 33 52 25 56 25 42 20
31 43 18 49 19 49 21 35 16
32 48 24 50 24 50 21 46 14



TABLE IV. Summary tables of analyses of variance of discrimination

ratlos during training and testing conditions,

GROUP SOURCE S5 af MS I3
FPG Between ss8 634, 2 3
Within Ss 1034,0 16
Between Treatment 146,7 4 36,6 995
Residual 887.3 12 7349
T8tal. 1668.2 19
FPS Between S8s 326.8 3
Within 3s 1092.4 16
Between Treatment 723.7 4 180.9 5.892
Residual 368.7 12 30.7
Total 1419.2 19
FPGN Between Ss 258,.2 3
Within Ss 615.6 16
Between Treatment 302.8 4 5.7 2,911
Residual 312,8 12 26.0
Total 873.8 19
FPP2 Between Ss 1T 8 3
Within Ss 64,0 16
Between Treatment 254D 4 5.8 1.716
Residual 40,7 12 243
Total 8l.8 19
FPP1 Between 3s 130.1. 3
Within Ss 826,33 12
Between Treatment 58,1 3 12.7 o 145
Residual T788.2 9 87«5
Total 956.4 15
FAG Between Ss 96,6 3
Within .s 1337.8 12
Between Treatment G12.6 3 304,22 6,444
Residual 425,2 9 47,2
Total 1434,4 15
FAS Between Ss 61,1 3
. Within os- 924.3 12 - o
Between Treatment T703.1 3 234, 3 9.563
Residual 221, 2 9 24.5
Total 985.4 15
FAP1 Between 3s 62.3 3
Within J.s 3329.5 12
Between Treatment 274.3 3 91. 4 12.620
Residual 652 9 Te2
Total 401.8 15



TABLE V. JSummary tables of analyses of varlance of convergence
ratios during training and testing conditions.,

GROUP SOURCE S5 daf M3 F
FPG Between 3s 622.9 3 ,
Within S5s 4080,.,8 16
Between Treatment 2599.,0 4 649,7 5¢ 264
Residual 1481.8 12 123. 4
Total 470307 19
FPS Between Ss 272.5 B
Within s 440, 4 16
Between Treatment 137.7 4 34,4 1,365
Resldual 302.7 12 25.2
Total 712.9 19
FPGN Between Ss 560.9 3
Within os 721.6 16
Between Treatment 314,3 4 78.5 2315
Residual 407.3 12 33,9
Total 1282.5 19 '
Fpp2 Between Ss 30,0 3
Within 3s 508,0 16
Between Treatment 267.5 4 66,8 36336
Residual 240.5 12 20,0
Total 538.0 19
FPP1 Between B8s 33.1 5
Within Ss 420, 3 12
Between Treatment 41,6 3 13.8 e 320
Residual 388.7 9 43,1
Total 468, 4 15
FAG Between Ss 244,1 3
Within os 400.,3 12
Between Treatment 23.1 3 TeT .183
Residual 377e2 9 41.9
Total 644, 4 15
FAS - Between Ss - 19,1 3
Within Ss 288.3 12
Between Treatment  47.1 3 15.7 «585
Residual 241,.2 9 26.8
Total 307.4 15
FAP1 Between Ss 116.1 3
Within :Zs 209.3 12
Between Treatment 139.2 3 46,4 5948
Residual 70.1 9 7.8

Total 325. 4 15
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showed an improvement in DR's and CR's from session 60 (Pre-Tésﬁ
1) to Test 1 but these trends were not significant. During
Pre-Test 2, there was a tendency toward improved performance
for most subjects, but again this was not significant. However,
in Test 2 Group FPG showed a significant improvement in CR's
over Pre-Test 2 levels, ©Similarly, Group FPS showed a dramatic
improvement in DR's from Pre-Test 2 to Test 2. While Group
FPGN showed a significant avoldance of the distinctive feature
within-displays in Test 2, discrimination between-displays was
poorer on Test 2 then in previous conditions. Interestingly,
Group IFPP2 showed little change throughout all conditions with
the exception of an increased avoidance of the distinctive
feature durlng simultaneous Test 2 when compared with previous
conditions,

Table III presents the results for Birds 17-32, all of which
received 25 training sessions prior to Test l. Groups FAG and
FAS showed a dramatic and significant improvement in between-
display diScrimination from Session 25 to Test 1. While
within;dispiéy berformance changéd liﬁtié for FAGAand FAS-duringA‘“
any conditions, the DR's for both groups reflect a significant
deterioration in the accuracy of between-display discrimination

from Pre-Test 2 to Test 2.
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Throughout all Pre-Test:and Test conditions pseudo-traiﬁed
groups did not differ significantly from the DR of 50 and the
CR of 25 expected by chance responding. The slngle exception
was Group FAP1 and FPP1 which showed avoidances of the distinctive
features in Test 2.

In summary, the results of Test 1 seemed to support the
findings observed during training with some additional improvement
in discrimination performance. Ratios during Pre-Test 2 retraining
sessions reflected a tendency toward a post-Test 1 improvement.
However, a decrement in discrimination between simultaneously
presented matched-pairs was observed for all birds except those

in FPG and FP3 which improved slightly.

Results Between Groups: General Analyses of Response Rates

In order to assess the significance of these observed treatment
effects between groups, formal analyses of covarliance were carried
out. Whille acquisition and test data are presented in terms of
the DR and CR, the formal analyses were applied to the differences
between respbnsé rétes to P and N,‘éﬁd ié diffefenéeé between‘ \
response rates to the distinctive feature and the total display.
Since 1t is generally agreed that the variance of a ratio (DR or CR)

is likely to be larger, sometimes much larger, than the variance
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of a difference (cf. Yule and Kendall, 1953, p.329), the use

of P-N rather than P/(P+N) is preferable for the formal analyses.

Then, P-bN represents a welghted score (where b is the regression

coefficient calculated from the data) and this is the basic

notation of the analysis of covariance in which group means

are adjusted for the variance not directly related to the treat-

ment effects and are free of the linear effect of the covariate.
Analyses of covarlance were carried out on both response

rates between and within displays.1

In the between-display
analyses, response rates to the negative displays were designated
the covarlate X;, Xy.ee., X, and rates to the positive displays
were designated the criterion Y1,‘12,...., Yk' In the within-
display analyses, response rates to B in BAAA displays onr rates
to A in ABBB displays were designated the criterion while rates
to the remainder of the displays were designated the covariate.

Between and within-display analyses were performed on

four sets of data:

l, Pre=-Test 1 Data--lMean rates for each bird in each

| groﬁﬁ for the last five tréining seésions-prior N
to Test 1.

2. Test 1 Data--Rates for each bird in each group
for Test 1.

1 All raw data for these analyses are presented in Appendix A,
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3¢ Pre-Test 2 Data--Mean rates for each bird in

each group for the five retraining sessions prior
to Test 2.

4, Test 2 Data--Rates for each bird in each group

for Test 2.

Thus, a total of eight analyses of covarlance were carried out.
Table VI presents the sumnmary tables for each of those analyses.
An r value 1s also listed in the summary tables. There were
elght groups receiving different experimental treatments and
treatnent effects were significant in every analysis. Thls indicates
significant treatment effects in response rates to the positive
displays (between analyses) and to the distinctive features
(within analyses). Differences between treatment means for each
of the elght groups were then tested by use of a modification of
the R method (Rodger, personal communication) and its companion
F tables., It was decided to use a Type I error-rate at 5% for
all statistical decisions to be made.

There are baslcally 10 contrasts (hypotheses) of interest
that will be evaluated across treatment means (ﬁj) and these are
presented in Table VII, Of the 28 possible comparisons between
groups and of the infinite number of multiple contrasts among

these groups, ten were selected which were the most meaningful



TABLE VI.

Sumnary tables for the anlayses of covarlance of
response rates,

DATA SET SOURCE S3 af MS F
BETVEEN
Pre-Test Total 7819.8 30
Error 1552,6 23 67.50
Treatment 6266.7 7 8950 24 130 26
Test 1 Total 29866.,1 20
Error 976T7.4 23 424,66
Treatment 20098.7 7 2871.24 6.76
Pre-Test Total 7897.5 20
Error 2494,9 23 108. 47
Treatment 5402.6 7 T71.80 T 211
Test 2 Tatal 6473.1 30
o Error 2943,8 23 127.99
Treatment 3529.3 4 504,18 3,93
WITHIN :
Pre-Test Total 9666.1 30
Error 1623.,7 23 T0.59
Treatment 8042.4 7 1148,91 16.27
Test 1 Total 17453.2 30
Error 2901.1 23 126,13
Treatment 14552,1 7 2078.87 16,48
Pre-Test Total 6711.8 30
Error . 553.6 23 24,06
Treatment  6158,2 7 879.74 36456
Test 2 Total 5527.6 30
Error 1309,8 23 56.94
Treatment 421748 T "602.54 10458



TABLE VII. Hypotheses of interest.

of Group FP?2

Let Oy=mean of Group FPG 55=mean
Oo=mean of Group FPS ﬁézmean of Group FAG
63=mean of Group FPGN ﬁ7=mean of Group FAS
G,=mean of Group FPP1 ﬁ8=mean of Group FAP1
ge Statement of Contrast Description
H1 ﬁ4+ﬁ5-2ﬁ1 =0 The difference between FPG
and both FPP1 and ¥PP2 1s zerc
H2 u4¥ﬁ5-2u2 £ The difference between FPS
and both rPP1 and FPP2 1s zerc
H3 u¢+ﬁ~-2u3 =40 The difference between FPGN
2 and both FPP1 and FPP2 is zerc
H4 u6-ﬁ8 = 0 The difference between FAG
and FAP1 1s zero
H5 u7-a8 =0 The difference between FAS
and FAP1 1s zero
H6 ﬁ,-ﬁg =0 The difference between FPG
and FP: 1s zero
HT Uyj-uz = 0 The difference between FPG
and FPGN 1s zero
H8 u6-ﬁ? = 0 The difference between FAG
' and FAS 1is zero
H9 ﬁé-ﬁl = O - The difference between rPG.
and FAG 1s zero
H10 ﬁ2-67 =0 The difference between FPS

and

FAS5 1s zero
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with respect to the experimental design. Briefly, Hypotheses

(H) 1-3 compare the feature-present treatments with their
respective pseudo-trained controls (See Design). Similarly,

H4 and HS5 assess the differences between feature-absent tfeatments
and thelr single pseudo-trained group. The differences between
performance of Groups FPJ3 and FPG i1s compared by H6 while H7
compares the feature-positive and feature-negative training
conditions (FPG and FPGN respectively). Groups FaG and FAS3

are compared in H8, while H9 and H10 examine the difference
between complement groups of feature-present and feature-absent

treatments.

Results Between Groups Between-Display Analyses

The evaluation of the hypotheses of interest for between
data sets are presented in Tables C1-C4 (Appendix C). The
decision set which was used iIn this evaluation 1s discussed
in Appendix B.

Pre-Test 1 results (Table C1) demonstrate that Groups FPG,

. FPS, and FPGN are not equivalent in between-display responding

with both pseudo Groups FPP1 and FPP2 (the values of the functions
H1, H2, and H3 are each large enough to be "scientifically
significant"). These findings are upheld in Test 1 (Table C2),

Pre-Test 2 (Table C3), and Test 2 (Table C4), With the exception
of Pre-Test 1,
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Groups FAG and FAS both differed from their pseudo Group FAP1

"~ in all between-display data sets (H4 and H5 ﬁere both large
enough for "scientific significance"), And, except in Pre-Test 1,
Group FPGN differed little from FPG.indicating that feature-
positive and feature-negative conditlons produced 1little

" difference in between-display discriminations (H7 too small for
interpretation).

In all between-display data sets, Groups FAG and FAS
responded similarly (H8 too small) as did Groups FPG and FPS
“(H6 too small). Complement treatments of feature-present and
feature-absent training (FPG and its complement FAG; FP3 and
its complement FAS) produced slmllar between-display responding
(H9 and H10 too small). The single exception to this was in
Pre-Test 1 where FP3 and FAS differed significantly(Table Cl).

To state these results another way, subjects were able to
discriminate between feature-present and feature-absent displays
when these displays were assigned to positive and negative trials.
Designation of A or B as the distinctive feature produced

"specific'!

complementary between-display responding. &Assignment of
or "general" response contingencies within displays (e.g.;specific;
FPs'or FAS,‘generalePG or FAG) did not significantly effect

| between-display discrimination, although "specific" groups had

demonstrated higher DR's throughout training. When the distinctive
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In all within data sets, Group FAS showed a higher rate
of responding to the feature-absent quadrant than FAG (H8 large)
or FAP1 (H5 large). However, Group FP3 showed a noticeably
higher rate of responding to the feature-present quadrant
than FAS did to the feature-absent quadrant (H10 large). 4nd,
while FPG and FAG differed in Pre-Test 2 and Test 2 data (H9),
this hypothesis 1s not rejectable for the other cases.

To summarize these results, subjects were Bble to discriminate
between the presence and absence of the feature within-displays
when such displays were assigned to positive and negative
trials. In feature-present training, responses converged on the
B feature when 1t appeared on positive trials, while feature-
absent training produced a convergence on the A feature on
positive trials. However, in general, designation of B as the
distinctive feature resulted in better within-display discrimination
than when A was distinctive. Group FPGN did not avoid the feature
(B) when it appeared on negative trials but three subjects
within this group showed consistent CR's of less than 25 througn-

out training and testing.

Reversal Training

As an additional procedure to assess the reliability of
these treatment effects, Groups FPS and FPG were both given FPGN

training for 60 additional sessions followed by a new Test 1,
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retraining for five sessions, and a new Test 2. Figufes 12
and 13 present the wmean ratios for FPS and FPG respectively
during FPGN trailning. Here there 1s a dramatic decrease in
both the DR and CR until mean terminal ratios similar to FPGN
(Figure 6) are reached. Response rates for the original FPGN
group were then compared with the rates for these two groups
and elght analyses of covariance carried out on between- and
within-display data sets. Table VIII presents the summary
tables for these analyses. None of the treatment effects were
significant indicating that both Groups FPG and FPS were
successfully reversed to FPGN levels of performance through

the retraining sessions,

Position Preferences

An examination of response location data for successive
and simultaneous presentations revealed no specific preferences
developing between groups. Ranzing of the position preferences
for all subjects across training and testing conditions revealed
the following number of birds preferring each yuadrant: Quadrant
IV: 10 subjects, Quadrant III: 8 subjects, Quadrant II: 8 subjects,

1

and Quadrant I: 6 subjects. This preference was consistent

1 According to the following mathematical notation: Upper left=
Quadrent I, upper right= Quadrant II, lower left= Quadrant III,
and lower right= Quadrant 1IV.
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TABLE VIII, cummary tables of analyses of covariance for reversal

traininge.
DATA_ 3ET SOURCE ss___df M3 F
BETWEEN
Pre-Test 1 Total 3119,9 10
Error 2180.8 8 272,60
Treatment 939,1 2 469,55 T2
Test 1 Total 7128,6 10
Error 4904, 4 8 613,05
Treatment 2224,2 2 1112,.10 Y81
Pre-Test 2 Total 888.1 10
Error 66045 8 82.56
Treatment 227.6 2 115.80 1. 37
Test 2 Total 284,9 10
Error 232.,0 8 29,00
Treatment 52.9 2 26,45 .91
WITHIN
Pre-Test 1 Total 58.5 10
Error 49,1 8 6.13
Treatment 9.4 2 4,70 oS
Test 1 Total 626,2 10
Error 435,9 8 54,48
Treatment 190.,3 2 95.15 1.74
Pre-Test 2 Total 45,1 10
Error Bih 3 8 4,16
Treatment 11.8 2 5090 1l.41
Test 2 Total 24,4 10
Error 18.7 8 2¢33

‘Treatment BT 2. -2.85: . 1,21
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within subjects during all successive and simultaneous presenta-
tions, regardless of the side on which the food magazine was
present. Within simultaneous tests, 15 subjects preferred

the right screen and 17 subjects preferred the left. Since

~ subjects tended to prefer the lower right portlons of the displays,
it 1s of interest to note that 21l subjects were given grain on
the lower right side and water on the lower left side of their

home cages.
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CHAPTZR IV
DISCUSSION

The most obvious aspects of these findings is that the
development of stimulus control between and within complex
displays parallels such development in simple displays as re-
ported by Jenkins and Sainsbury (1969, 1970). Following a
brief discussion of these findings, a detailed comparison
of the main results of the present experiment with Jenkins
and Sainsbury's theoretical schema and the concept literature

will be made,.

Feature-Present Tralining

The present results indicate that when B1"°n (distinctive
feature) 1is located on the reinforced trial, differential training
(Group FPG) causes responding to converge on that feature in

preference to A features which are common to reinforced

1...
am non-reinforced trials. Juch tralning also causes a reduction
in the tendency to respond on negative trials, which contain

only A1 and this results 1n a between-display discrimination.

eon’?
These results are similar to those obtained by Jenkins and
Sainsbury with discrete A and B features. However, these authors
have noted that the discrimination within-displays always pre-

cedes the formation of the between-display discrimination. It 1s
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clear from Figure 4 that these discriminations in Group rPG
did not develop at appreciably different times. Jenkins and
Sainsbury also report that after only 12 sessions animals
trained with B as the distinctive feature on positive trials
showed DR's and CR's between 80-90.! By contrast, the animals
in Group FPG reached a mean terminal DR of 58.5 and CR of
42,5 after 60 training sessions. |

While such control over responding by B1...n falls far
short of control exercised by the B feature in Jenkins and
Sainsbury's displays, this control was facilitated by FPS
training. Here (Figure 5), when convergence was demanded to
B1...n’ such treatment resulted in a consistently better
(although not significantly better) between-display discrimina-
tion and a significantly better within-display discrimination
than when such control emerged spontaneously as in Group FPG.
Jenkins and cainsbury did not run a group comparable to FPS,
but even the FPS requirement of responding to B1...n did not
cause complete cessation of responding to‘AI...n. Indeed, it
is‘doubtful‘that Jenkins aﬁd Sainsbury.wouid have 6bsér§ed any.
improvement in an "FPS'"-type group since their feature-positive
birds were already.performing at near perfect levels of discrimina-

tion.

1 Jenkins and Jainsbury actually present their data in terms of an
index from 0-1.0 representing, for exaample with between-display
discriminations, the ratio of responses on the positive dlsplay to
total responses. These ratlos have been simply multiplied by 100
for comparison with the present data.
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When the feature B is located on the negativé trial

leoon
(Group FPGN), responses for three out of four subjects shift
away from it but continue to occur to Ay ., on negative
trials resulting in a slight within-display discrimination.
In addition, there 1s an over-all reduction in responses to
displays containing B1...n and this results in the formation
of a between-display discrimination. Comparison of Group
FPGN with the "feature-negative case" used by Jenkins and
Sainsbury reveéls an lmportant diffefence. In the latter studies,
when B was located in the negative display, responses shifted
away from B but continued to be made to the common feature on
negative as well as on positive trials. Consequently, a
between-display discrimination failed to develop in thelr
studies. A4Although this particular point will be discussed in
detall later, a few comments seem appropriate at this time.

In thelir initial efforts to explain the fallure of the
between-display discrimination in the feature-negative case
and its success in the feature-positive case (an effect termed
asymmeffy);”Jénkiﬁé and Saihsbufy feaéoﬁed fhaﬁ‘"the.faéﬁvof
asymmetry tells us that the development of the gé/no-go
‘discrimination is not to be understood as the direct consequence

of comparing entire displays" (Jenkins and Sainsbury, 1970, p.19).
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The fact that this asymmetry did not occur in the present
experiment 1s intriguing for several reasons. Firstly, if the
bird were comparing entire displays and then adjusting his
behavior appropriately there would be no reason to expect an
asymmetry in the between-display discrimination. But since

we know that the common and distinctive features were responded
to selectively within-displays, the displays may not have been
percelved exclusively in this way. Secondly, one could argue
that simultaneous presentations of displays affords a greater
Opportunity for the comparison of the positive and negative
stimuli than successive presentations. Accordingly, 1f the
bird were comparing entire digplays we mignt predict greater
difficulty with successive than with simultaneous presentations.
Indeed, Groups FPG and FPS show.this "predicted" superiority

in between-display discrimination on éimultaneoﬁs Test 2 when
compared with successive conditions (Table II), This improve-
ment in between-display discrimination on Test 2 1s paralleled
by a similar improvement in within-display discrimination for
fhe saﬁe groﬁps: -Conversely,.Gréuﬁ ?fGN‘shbﬁs énrimbrﬁveﬁentA.
in within-display discrimination from successive conditions to
Test 2, but between-display discrimination 1s actually poorer
here than in successive conditions. This latter result may be

more a consequence of the use of matched-pairs in the simultaneous
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tests than a difficulty in comparing simultaneous displays per se.
For example, 3iegel and Honig note that "the slides presented

in such tests may be confusing to the g,.since 80 many elements
in the two matched displays are identical. In any ordinéry
discrimination tasi one would expect poorer performance with

very similar displays, and this 1s precisely what we obtained

in the matched-pairs tests." Indeed, when their successively-
trained animals were tested.with simultaneous presentations of
un-matched dispdays, between-display discrimination jumped from

a pre-test mean level of 66 to a test mean of 95 However,

the "confusing" nature of the matched-pairs should have disrupted
betwéen-displaj discrimination for Groups FPG and FPS instead

of improving such discrimination. The essential difference may
lie in the fact that the latter Graups discriminated concomitantly

between and within-matched-pairs while Group FPGN did not.

Feature-Absent Training and Comparisons

When the A1...n feature is made distinctive and presented
on the reinforced trial, FAG training does not cause responses
to converge significantly on that feature in preference to 31...n
features which are now common to reinforced and nonreinforced
trials. Between-display discrimination does develop for Groups
FAG and FAs, however, as responding decreases to the feature-

absent displays. Thils i1s accompanied by convergence only when
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responding is reinforced specifically to A...n (FAS). Such.
required responding results in a significantly better within-
display discrimination for Group FAS than when such convergence

is allowed to develop spontaneously.

In general, feature-present and feature-absent training
conditions produced similar levels of between-display discrimina-
tion. This result agrees with Jenkins and Sainsbury's
observations that A and B features can be interchanged and a
strong between-dlsplay discrimination will still appear. They
note, howevey, that thé distinctive feature 1s-still discriminated
within-dlsplays and this result does not seem to be dependent on
a distinctive feature that is more "peckable" than common features.
olnce discrimlination within-displays was moré difficult when 4

IOO.n

(Group FA3) rather than B (Group FPS) was used as the

leeoll
distinctive feature, it remains possible that human features and
landscape features were not as "interchangeable" as Jenkins and
Sainsbury's circles and stars. .Indeed, inspection of Table III
indicates that Groups FAG and FA; show a decrement in betweenf -
display discriminaiion from Pre-Test 2 to simultaneous Test 2
itself. Thus, feature-absent groups do not manifest the superiority

of performance 1in simultaneous conditions observed for the comple-

ment feature-present groups.
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The discriminations developed by both feature-present and
feature-absent training procedures remain throughout extinction
tests with new displays. While performance tends to improve
steadily on Test 1, and in Pre-Test 2 retraining, a decrement
~in discrimination between simultaneously presented matched-palirs
(Test 2) was observed for all birds except those in Groups FPG
and FP5 which improved slightly.

Throughout training and testing conditions, Groups ¥PP1,
FPP2, and FAP1 displayed a very slight but consistent preference
for the human feature. Nonetheless, since these preferences
were not significmntly different from chance CR's of 25, any
notion of the human feature being more "peckable" than other
features must be viewed with caution. indeed, beth Groups
FAP1 and rPP2 showed a significant avoidance of the distinctive

feature in Test 2.

Comparison with Jenkins and Sainsbury's Theory of Feature Selection
These findings can be directly compared with those supportin&

Jenkins and Sainsbury 8 theory of feature selection. The first
empirical observations to be compared are the feature-positive
and feature-negative effects. Recalling the previous discussion

of these effects, the pattern of key pecks converged on the distinctive
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feature when it appeared in poéitive displays but the feature

was avolded when it appeared in negative displays. While Jenkins
and Salnsbury report these exact same patterns, their feature-
positive effect was marked by a facilitation of discrimination
~between-displays when the feature appeared on positive trialé.
The present experimental treatment of FPG resulted 1n.clear
evidence of feature convergence. FPGN training did not result

in clear evidence of feature avoidance. In addition, discrimina-

tion between-displays was not facilitated for the feature-pasitive
groups (H7 too small, between-data sets). Indeed, there was

a surprisingly strong tendency for the feature-negative group

(FPGN) to perform significantly better in Pre-Test 1 between-display
discrimination than the feature-positive group (FPG).

S3ince the positions of the common and distinctive features
change from trial to trial the animal must discriminate between
them in order to respond selectively. The results of this
wlthin-display discrimination are in general agreement with what
Jenkins and Sainsbury refer to as the "simultaneous" discrimination
betﬁeen distinctivé and conrmon featufeé. Those éutﬁdfé ﬁoie |
that "convergence on the distinctive feature within the positive
displéy drives the probability of reinforcement for a response
to common features toward zero and thus allows the successive
(between-display) discrimination to form" (Jenkins and Sainsbury,

1970, p.68). Continuing with this reasoning, Jenkins and .ainsbury
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note that an avoidance of the distinctive feature within the
negative display leaves the probability of reinforcement for
a response to common features at 5. In thelr experiments the
response continued to occur to both members of the pair of
‘ displays and the between-display discrimination did not develop.
in their feature-negative group. By contrast, the birds in
Group FPGN did develop this discrimination, In other woras,
the birds were required to learn that the same common feature
can predict reinforcement when not accompanied by ﬁhe distinctive
bfeature and can predict nonreinforcement when the distinctive
feature 1s on the same display. The response to the common
feature is said to be made conditional upon the presence or
absence of the distinctive feature. The achlievement of this
discrimination in the present study is not nearly so remargable
as 1ts failure in the Jenkins and Sainsbury experiments. As
those authors point out, the spatial separation of the common
and distinctive features was only about 3.18cm. Generally,
discrimination learning is impaired when there i1s a separation
bétweéh cﬁe énd fésponse (cf. Stollnitz} 1965); 'Inaeed;

When there 1s a separation we may consider that

the response 1s made directly to common features

assoclated with the site of the response, 1In

order to learn the discrimination, the response

to these coummon features must be made conditional

upon the spatlally remote distinctive features.

The effect of separating the cue from the locus
of the response has generally been ascribed to a



64

reduction in the probability of observing the
cue.,, For example, 1t is said that monkeys look
where they put their fingers (Stollnitz, 1965,
P.250). Although the present results may be seen
as another case in which spatial separation causes
a deficit, they do not seem to be interpretable as
a fallure to observe. as previously noted, the
distinctive and common features must both be ob-
served and discriminated from one another in order
for the response to occur selectively to elther
type of feature.

Jenkins and Sainsbury, 1970, p.69

As spatlal separation decreases, as observed in Jenkins and
Sainsbury's (1970, p.l57) compact cluster experiment, the
between-display discrimination does develop to some degree

in most subjects trained in the feature-negative case. When
nonspatially separate features aré used as in the present experi-
ment the between-display discrimination appears to develop even

more so. Indeed, Jenxins has recently commented on the possibility‘;

of learning in the feature-negative case:

If the successive discrimination were to be learned
in the feature-negative case, the presence of 3
(distinctive feature) would have to inhibit- the
response. to A (common feature). The virtually com-
plete fallure of inhibitory control to develop 1is
undoubtedly peculiar to the punctate visual stimulil
of the present experiments. We know that when the
B-feature 1s a diffuse auditory stimulus the response
to a comuon, visual A-feature can be inhibited. It
may already have been noticed that the feature-negative
case 1s like the Pavlovian paradigm for establishing
conditioned inhibition. Using that paradigm in the
operant case, and choosing an auditory stimulus for
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the B-feature, Brown and Jenkins (1968) obtained
a successive go/no-zo discrimination in which 3B
was shown to 1lnhibit the response to A.

Jenkins, 1969, p.29

. Comparison with Concept Studies

In the concept literature, experimenters have attempted to
correlate the amount of information transmitted by positive
instances with the concomitant learning (Hovland, 1952; Hovland
and Weiss, 1953; Hunt, 1962; Haygood and Devine, 1967; Haygood
and Stevenson, 1967). The correct concept has usually been
attalned by a higher percentage of subjects when transmitted by
all-positive instances than by all-negative instances.1 This
difference has been attributed to the difficulty of assimilating
information concerning what the concept "is not" as compared
with assimilating information concerning'what i£ fis" (Hovland
and Welss, 1953). Apparently the discriminative éueé present
in the positive instances afe more effective in the communication
of infqrmation. _ _ o

In discriminations such as Jenkins and Sainsbury's énd thé
present one, "the assignment of the distinctive feature to positive
- or negative tfials has no effect on information available to ‘the
animal about when reinforcement will follow" (Jenkins and Sainsbury,

1970, p.19). However, when the distinctive feature appears on

(

1 In these experiments, human subjects were first instructed as to

how many different stimulus dimensions were relevant and the number of
possible values for eacn dimension. Thus, in all-negative instances
subjects would have to attain the correct concept, %., of black square
by examining instances of red square, black circle, and red circle.
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positive trials, a response emitted in the presence of the

feature could be considered equivalent to the verbal statement
"is", 1In other words, the animals must learn what the distinctive
feature "1s" (i.e., when circle "is" present or when concept

~ human "ié" bresent reinforcement'is‘available). Conversely,
assignﬁenﬁ of the distinctive feature to the negative trials 1s
equivalent to the statement "is not" (i.e., the animal must

learn that when circle or huﬁan "is'not" present, or is absent,
reinforcement is available). | '

The critical data of the present experiment which demonstrate
concept- learning are the extinction test responses to "new"
dlsplays. The results from Test 1 and Test 2 showed véry élearly
that animals were able to discriminate the presence ("is") and
features in cémpiex

absence ("is not") of A and B

leosnl Teeon
displays.‘ Animais in Group FPGN léarned (Pre-Test 1) what the
concept "is not" better than those required to learn what it "is"
(Group F?G). Sﬁperficially, this result appears to stand in "y
sharp contrast to traditional predictions derived from phe concept ‘
literafﬁre (éf.iﬁOQiand and Weisé;Al953).' Héwe?ér; ﬁhe similériﬁy
of Groups r2G and FPGN in all other between-display data sets

does not offer decisive evidence on this point. But, at the very

least, birds did not form this particular "is" concept better

than "is not" concepts as would be generally expected.
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It 1s clear from Tables II and III that for all feature-
present and feature-absent cases 1n which a between-display DR
above 50 was recorded, there was a concomitant CR of 25 or abo?e.
Furthermore, when this between-display discrimination was
_ significantly different from that obtalned with pseudo-trained
groups, there was always a significant within-display discrimina-
tion. However, many difficult and puzzling questions arise
when we conslider the special case of the feature-negative group
(FPGN)., While we have chosen to point out that three out of
four birds in Group rPGii displayed slight avoidances of the Bl...n
feature throughout training and testing, this within-display
discrimination was not significantly different for the group as
a whole when contrasted with pseudo levels. ©ince the successive
discrimination developed nevertheless, one 1s led to speculate
that 1t 1s nelther necessary nor sufficient for a within-display
discrimination to precede or accompany a between-display discrimina-
tilon 1in the feature-negative case. The essentlal difficulty may
be that "is" and "is not" concepts require qualitatively
diffefénﬁstybes df behaviof. | | o | o

Another way of conceptualizing the verbal statements "is"

~and "is not" involves the discriminations of matching and oddity.

When an animal matches stimull he chooses a response that in essence
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says what the stimulus (or distinctive feature) "is". On the

" involves choosing what

other hand, oddity or "non-matching
the stimulus "is not". Cumming and‘Berryman (1965) had observed
that simultaneous maiching and oddity are differentially affected
‘ by pentobarbital. 0ddity performance was far less sensitive
to 5Smg/kg-12.5mg/kg of pentobarbital than matching performance
which was well below the normal range of accuracy at 1l0mg/kge
These results were later replicated by Nevin and Liebold (1966).
In an informal experiment which 1s not reported here because of
several procedural errors, Groups FPGN and FPG were retrained
for five sessions and given a "new" Test 1 with 1Omg/kg of pento-
barbital. Three birds in Grouﬁ FPé showed a significant
reduction in both CR's and DR's. Performance of Group FPGWN
was not significantly different from its Pre-Test 1 or Test 1
performance. This "informzl" observation would seem to lend
support to Cumming énd Berryﬁan's suggestion that matching and
oddity performance require qualitatively different types of
behavior. Thus, "is" and "is not" concepts may reflect similar
diffefencés;‘ . n ' e ha . € | | bl
Some insight into the nature of these differences may be
~achieved if we consider feature-present and feature-absent

training conditions as representing "is" and "1s not" conceptse.
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Consider the simplest rule that would be sufficient to produce
a between-display discrimination in each condition (cf. Jenkins,
1969), In FPG training a suitable rule is respond to 44...n

or B when B1...n is present. In FPS tralning a suitable

lesen
~rule is respond to By,,,n when it 1s present. Both these feature-
present conditions require responding when the human feature is
present. In Group FAG, a sultable rule is respond to AI...n or
B1...n when Bi...n is not present in one quadrant. .In FAS
training, a suitable rule is respond to AI...n when By . .p is

not present in the same quadrant. Both these feature-absent
conditions require responding when the human feature is not present
in one quadrant of the display. The latter rule could not be

based efficiently on the presence of A since A1...n is

leeen
always present as background features in all parts of all displays.
Nonetheless, feature-asbsent and feature-present training result
in similar levels of between-display respondinzg. The single
exception is in simultaneous testing where feature-present groups
are superior, ) ‘

| The fﬁies may~appear sbmeﬁhat4ambiéﬁoué fér-bifds'iﬁ Groupé
FPGN and FAS who are required to respond to one feature (A1.-.n)

_on the basis of the absence of another feature (By,,.,n). Similarly,

the rule for Group FAG requires responding to either of two

features (4y,,  , or By,..n) on the basis of the absence of one



feature (B )e Group FAS, as required by training procedurc

leoon
discriminated between these features within-displays. However,
the inability of Groups FAG and FPGH to form reliable within-
display discriminations leads us to spculate that the performenc
~of these "is not" concepts may represent failures to
"spontaneéusly" fegulate a response to one part of the display
6n the basis of another part of the display. This suggestion
minimizes fallures to inhibit responding since significant
between-display discriminations developed for both "is" and

"is not" conditions. Such between-displays discriminaéion coulc
ﬁot be achleved without animals inhibiting responding to negatiw
displayse. Futhermore, the suggestion that one part of the
display failed to regulate responding to another part 1s not

due to a physical inability to detect differences between these
parts. Birds in Groups PG, IP3, and FAS all learned to
discriminate between these parts (A1...n and B1...n) within-
displays. However, 1t 1s possible that wnen such discriminatio:
1s not required by the reinforcement contingencles and when

"is not" concepts are involved,'énimalé'pérdéive‘the'diéplays

és inteérated compounds (i.e., perceptual wholes) and not as
distinctive features. Further speculation at this time would
overstep the restrictions placed by our present empirical

knowledge.
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APPENDIX A. Raw data for analyses of covarlance of response rates.



Pre-Test 1 Between: Response rates for individual birds in each group.
FPG FPS - FEGN FPP1 FPP2  FAG FAS FAP1
X b4 X Y TX ¥ X X X ¥ X Y X ¥, X 4
38.4 T0.9 33.4 62.7 16.0 41.0 29.7 29.7 T2.7 76.0 57.3 64.7 72.8 79.1 42.4 38.9
65.0 T6.3 15.3 4l1.6 52.6 99.4 47.1 45,2 72,3 6T.2 41.2 49.5 73.8 T7.8 26.5 25.4
34,0 48,3 21.7 66.6 57.4 84.3 48.2 51.8 55.0 56.0 86.9 82,7 136.2 145.0 43,3 40,1
Tl.4 90.7 26.3 52,2 61.2 110.5 53.8 49.3 22.5 21.8 39.6 54,7 105.6 131.0 65.0 60.5

Pre-Test 1 Within: Résponse rates for individuel birds in each group.
34,8 36,0 11.9 50.8 15.7 3.5 2l.2 8.4 55.6 20.4 43,6 21.1 43,6 35.7 29.4 9.5
51.5 25.0 969 31.8 40.8 11.8 31.1 14.2 53.0 14,2 35.3 14,2 44,8 3340 17.0 8.5
27.8 20.5 5.2 Ol.4 47.3 10.1 40,2 11.6  40.1 15.9 47.3 35.4 76.4 68.6 33,0 T.1
50.7 40.0 6.5 45,7 37-7 2345 36.2 13.1 15.6 6.2 39.4 15.3 65.1 65.9 46.2 1l4.4

A4



Test 1 Between: Response rates for individual birds in each group.
FPG FPS " FPGN FPP1 FPP2 FAG FAS FAP1
X X X ¥ X X X b 4 X Y X Y X X X X
55.0 122.8 44,2 85.4 24,5 45,1 18,5 19.0 110.7 97.8 41.9 127.7 90.5 131.6 48,3 63.3
76.4 92,0 22.7 52.0 59;2 150% 70.3 82.8 29.4 25.7 32.6 T78.2 80.4' 122.8 2578 el

40,2 62,2 26.4 63.0 46,1 99.7 87.4 82.1 35.4 3l.2 47.6 98.3 T3.3 146,2 75.8 75.8

Test Within: Response rates for individual birds in each group.
53,7 69.1 9.0 T76.4 19,9 4.6 12,4 6.6 63.7 34,1 90.3 37.4 64,9 66.7 48.6 14,7
55.2 36.8 4.8 47,2 44,2 15.0 59.5 23.3 15.6 10.1 56.9 21.3 65.6 57.2 20.7 6.9
21,6 31.8 4.8 93.5  27.1 18.7  13.1 8.3 62.3 26,0 60.6 54,3 107.4 64,1 40.4 9.4
27.0 35.2 5.6 57.4  30.9 15.2  62.4 19.7 21.2 10.0 72.8 25.5 84.7 61.5 57.8 18.0

44



FPG
X b 4

31.8 68.8
64,1 82,0
26.5 44,2
66.5 85.1

3l.1 37.8
51.4 30.5
22.7 21.5
4644 387

Pre-Test 2 Between: Response rates for individual birds in each

FPS
X

54,3
20.8
22.3
20,7

Y
51.0
3667
54.9
56.6

FPGN

X
23.1
58.0
58.1
53.0

Pre-Test 2 Within:

1.0
6.1
5.5
11.9

53.2
3046
49,3
44,7

17.5
43,6
41.5
31.2

Y
58.2
84.8
83.2
95.0

PP
X

307
48.2
49,3
51.3

) 4
20.5
46,1
50.1
50.2

Response rates for

5e6
14,4
16.6
21.8

20.1
32.1
41,0
3569

8¢5

13.7
12,0
13. 4

FPP2
X

7663
767
51.3
23.0

individual birds in

5849
54.8
34,7
14.8

b4
79.8
T76.2
48.2
2l.2

20,9
2l. 4
13.5
6.4

FAG

X
43,0
35.0

375
32.4

44,2
44,6
48.8
38.0

Y
644
64,7
7944
51.0

each
20.2
20.1
3045
13.0

group.

FAS

X

Y

48.7 T2.3

62.8

71.8

82,0 127.8
92.5 125.5

group.
41.6
3840
79.5
67.8

20.2

33.8
48.3

57.8

FAP1
X 4

34.4 40,2
25.0 3l.2
39.1 37.4
T5¢7 750

50.2 10.0
23¢3 T.9
29.T7  To7
59.1 15.8

va4



Test 2 Between: Response rates for individual birds in each group.

FaAS

X
35.8
57.6

110.4
67.2

2l.3

30.7
34.8

FPG FPS FPGN FPP1 FPP2 FAG
X X X X X o X Y X Y X Y
19.5 56.8 16.5 56.6 16.6 35.5 16.1 13.3 32.9 27.1 63.3 32.4
46,2 68.1 10.2 33,2 53,1 46,2 34,5 27.6 33,2 27.8 32,2 40.5
Te3 3063 3.0 37.7 47,0 45.4 27,4 22,2 26.5 28.9 39.3 42,3
51.2 27.4 10.3 42.4 46,3 6348  T.7 29.6 9.2 8.0 23.9 30.3
Test 2 Within: Response rates for indlividual birds in each group.
1.2 45,3 3.6 53.0  13.2 3.4 9.0 43  23.4 3.7 19.5 12.9
Lok 24,5 5.7 27.5 45,7  T.4 18,7 8.9 19.8 8.0 25.1 15.4
12.0 18.3 2.0 35.7 37.'9‘ 9.1 18.9 3.3 22,3 6.6 31.0 11.3
14,3 13,1 3.2 39.2 34,9 1l.4 19,1 10.5 6.0 2,0 20.4 9.9

43.4

Y
343
49.1
65.3
76.6

13.0
18. 4
3045
33.2

FAP1

X
17.8
13.9
23.1
34,0

11.5

7.9
10.9
24,3

Y

13.8
9.9
13.0
28. 4

2.3
2.0
2.1
4,1

4



APPENDIX B. Statistical lMethods.

The observed means of Y (myj) and X (mxj) are first calculated
from the raw data presented in 4ppendix A. For example, using

the Test 2 Between data set we calculate:

Group= FPG FPS FPGN rePi FPP2 FAG FAS FAP1

m = 45,6 42.4  47.7 2904 22.9 3643 56% 35 162

¥l
mxj = 31.0 10.0 40.7 21:4 2504 3906 67-7 22,2

Then, the grand mean of the myj's (mxj.) = 32.25
and,

mxj"'mxj‘ :-1.25 "22.5 8.45 "10085 "6085 7.35 35045 -10.05

Then, from the analysis of covariance,

s Exy/EXX = 1 330
and, the adjusted means of Y = myj—b(mxj-mxj ) =

46,01 49.74 44,91 26.68 25.16 33.88 44,60 19,52
From the analysis of covariance summary table (Table VI)

Fm = 3.93

and, from Rodger's companion F tables,

F_ = 1,286
[‘95] 30523



B2

Rodger tells us that the number of mutually orthogonal contrasts

rejectable in any set of data = Em/F[Eo(];VIVZ:J — &

Then, in these data,

rz:EJFE9ﬂ;m2;
[3.93/1.286]
3

The square bracxets in the above equations indlcate that the

n

r =

- fractional part of the ratio is discarded.

There are a number of distinct ways of using the R
technique. That which is used here finds v1=7 mutually
orthogonal contrasts of which r=3 are rejected and vqy-r=4

are retained. Those rejected will each have the value

e

F=F/r

3.93/3

= l.31>F
[9gk7,23

and those retained willveach have a value



B3

Any contrast which iS'accepted'takes the form:
cquyt Coly seetcgug = 0

Any contrast which is rejected takes the form:
po 3
Cquqi+ CoUy +setcgug = g.d,|%- C/,l
Here, the expression under the square root simply makes allowance
for the scale of the contrast and O makes allowance for the scale
of the individual observations. In the present experiment, a
numerical value of %_was not chosen, so the letter itself must

be used.

Decisions about any set of contrasts imply values for the

true means (uj). Let the implied values be ﬁj, then:

i

ﬁj-u.:=%01myj-b(mxj-mx.)-my.) (rn/s33)

Wnen this equation 1s applied to the Test 2 Between data above,

we calculate:
+566g8 78390 . 50295 56298 -.6509% '-.1423(‘.‘483%0"-;97935

Any contrasts across these ﬁj which are non-zero represent
hypotheses which are false (when taken across uj) eilther by direct

test or by the implication of the set of declsions made earlier.



But values of ﬁ£Cg1u1 which are nearly zero will usually
A

be difficult to interpret "scientifically". Rodger points
out that it is true that any value

2@ O; >%<5Jé "j‘ \I'VF[&(]-)V\N;/F"\

would be rejected if tested directly. In these data

w = J3 x 1.286/3.9%

= +990

Values of é;m:a /nyj for the 10 contrasts of

interest are shown bclow. Those outside the range 0¥ .99 are
marxed ** and considered to be scientifically significant"
Those calues'ouﬁside the range 830 ‘but inside ‘the former

#
range are marked and also considered to be "scientifically

significant".
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Contrast | Values
H1 -2.343%%
He 2p, 8T
H3 -2,215"%
H4 - .837*
H5 1.462%%
H6 _ .218
HT - 064
H8 625
H9 . 707
H10 « 300

The values which appear above are referred to as the Standardized

Units and are the same values which appear in Table C4.,

The values required to Justify * and ** for each analysis and
table are the followlng:
TABLE ANALYSIS - . il #*
ox 0%
c1 Pre-Test 1 data (between) . 907
ce Test 1 data (between) . 987
C3 Pre-Test 2 data (between) 975

C4 Test 2 data (between) . 989 «830



C5
c6
c7
c8

Pre-Test 1 data (within)

Test 1 data (within)
Pre-Test 2 data (within)
Test 2 data (within)

.862
.859

« 704

960

B6

.630

.650
.600



APPENDIX C., Values of hypotheses,

TABLE Cl. Values of hypotheses for Pre~Test 1 data (between);

HO Standardized Units
H1 -2, 492"
H2 4,040
H3 -4, 722"
H4 - ,618
H5 .898%
- H6 CTTH
HT 1.115°"
H8 - .280
H9 S .T92

H10 1.090%¥

C1



TABLE C2.

Values of hypotheses for Test 1 data (between).

H Standardized Units

(0]
H1 -2,106""
H2 -2,705%%
H3 -3.021™"
HY4 1.659""
H5 1.925""
H6 . 299
H7 457
H8 | . 266
HY .766

H10 o743

c2



TABLE C3, Values of hypothese for Pre-Test 2 data (between).

H, Standardized Units
H1 -2.802%%

He -2,309""

H3 -3.966" "

HA -1.516%%

H5 1.684%%

H6 246

HT «582

H8 .168

H9 . 256

H10 .670

63



TABLE C4. Values of hypotheses for Test 2 data (between).

Hy Standardized Units
H1 -2, 343%%

H2 -2, 778"

H3 | 2,215 "

H4 - .837%

H5 1,462

H6 .218

H7 : - 064

H8 | .625

HO 707

H10 « 300



TABLE C5. Values of hypotheses for Pre-Test 1 data (within).

Ho Standardized Units
H1 731"

H2 2.315%*

H3 .004

H4 290

H5 1.188%*

H6 -1,372""

HT 636"

H8 - .898™*

HO . 368

H10 841"



TABLE C6. Values of hypotheses for Test 1 data (within).

Hy Standardized Units
H1 N

H2 | 2,201""

H3 - .053

H4 424

H5 1.181°%

H6 1.103%¥

H7 .849%

H8 , 757"

H9 i .566

H10 .912%%



C7

TABLE C7. Values of hypotheseé for Pre-Test 2 data (within).

Ho Standardized Units
H1 .980™*

H2 ’ 2,441 ™"

H3 131

H4 . 245

H5 1.188%%

H6 1.266™"

HY V755"

H8 R (T

H9 665"

H10 1.167%%



TABLE G8.

Values of hypotheses for Test 2 data (within).

Ho ' Standardized Units
Hi 1,360%%

H2 2.290"%

H3 .012

H4 .552

H5 1.153"%

H6 - .806"

HT 1.167%%

H8 - .601%

HO o Leug”

H10 1.054%%

c8



