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AB0TRACT 

The present experiment was designed to investigate 

discrimination learning between and within complex displays in 

a concept formation task. The displays were characteri zed 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 

betw e en featur e-present and feature-absent displays when such 

displays were assigned to positive and negative trials. 3uch 

diff erential training also caused responding within displays 

to converge on that distinctive fe ature 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 "new11 displays. In 

gener al, the development of stimulus control between and 

within these displays paralleled such development in simple 

displays as reported by Jenkins and .:ainsbury (196 9 ) . 
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CHAP TER I 

INTRODUC TION 

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 stimuli 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 l earning 

is often surprisingly acute. For example, the parent Gull 

will recognize its young despite an experimentally induced 

alteration of their color or location. Such learning based 

on varying aspects or features of the same instance (i. e. ,  

the same chicks ) is termed discrimination learning (cf. Riley, 

1968). 

Animals can also learn to code complex stimuli or 

situations into categories and thus simplify the environment 

to some degree. For. example, cer.t�in song birds such as. the 

chaffinches can learn to distinguish the song dialect of its 

own community from those of other members of the species 

despite individual vocal differences ( Nottebohm, 1970). Many 

psychologists think of such learning as concept formation 



(cf. Bourne, 1966 ) .  Concep t formation allows the animal to  

code fea tures into c ategories and to re spond to  all ins tances 

of  the feature s in the same way; otherwi se learning would be 

overwhelmingly c omplex as the song bird would be forced to 

deal wi th each individual song as an uniqu e event. Thu s, 

learning o f  ca tegories to resp ond to res tricts the number of  

re spon se al ternatives for the animal and facilitates his 

ac tion. The animal is said to "ab strac t" or to "g eneralize". 

Equally remarkable per formances have been demons tr ated 

in oper an t  behavior laboratorie s where d iscriminat i on train

ing procedure s c ontrol the learni ng of abstraction s and 

generalizations. For example, Verhave ( 195 9) trained pigeons 

to  discriminate between 11good11 and 11bad" pill s in a pharma

ceu tical manufac turing plan t. The regular women inspec tors 

could selec t pil l s  r eliably, but they were unabl e to v erbaliz e 

their bases for s election. Using their accepted pill s as 

po sitive instances and the pill s they rejected as negative 

ins tances, the pigeon s rapidly acquired the concep t o f  11good1 1 

and 11bad!\. piii s.
:. Similar resul ts have b

.
een  ob tai ned by Cumm ing 

(1966 ) in training pigeons to  insp ec t "good" and "bad" diodes 

on an assembly line. Pigeons have al s o  been train ed on such 

diver se concept-like discrimination s a s  11ship s11 v s. no ships 
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(Skinner, 1960) , "people" vs. no people (Herrns tein and 

Loveland, 1964) , "man-made objec ts" vs. natural objec t s  

(Lubow, Sieber t, a nd Carr-Harris, 1966) , " forms " vs. 11color s11 

(Siegel, 1969) , and " apparen t movement" v s. no movement 
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(Siegel, in press). Thus, the labora tory animal, like his 

coun terpar t in nature, can learn to "abs trac t" or to "generalize". 

Recen tly, there has been much concern wi th the mechani sm 

for such concep t formati on in  subhuman sp ecie s and with the 

condi ti ons that are nece ssary for such learning to take place 

(Goldiamond, 1966). Less a t ten tion  has been given to the 

analysis o f  the re sul tant  concep t i tself. In so far as concept 

forma tion involv es a discrimination between posit ive and 

negative ins tanc es, the ins tances themselves may be cons i dered 

as " features". In this sense, a feature is being defined as 

an abs trac ted characteristic common to a number of instance s. 

What is the development of the discrimination  between" and wi thin 

these features? l'Iow does this discriminati on i n  11complex11 

ins tances compare wi th discrimina tion in more 11discre te11 displays 

(e.g., 
"
Jenkin s and"s8.insbury, 196 9}?. 

The research reported in this thesis r epres ents an attemp t 

to an swer these ques tions with respect to concep t forma ti on  i n  

the pigeon. The research is based in  par t  on the s tudies in which 
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the conc ept of 11human·being11 ha s been inves tiga ted (He:rrns tein 

and Loveland, 1964; Brown, 196 6; Jiegel, 1968; Biegel and Honig, 

1970 ) .  In all these s tudies, pigeon s w ere differen tially 

yrained to re spond to display s con taining people. The people 

differed in c olor, number, size, dress, orien ta tion, e tc. The 

pigeons l earned to discrimina te be tween the presence and 

absence of humans. Although the performance of pigeons in such 

ar tificial situa tions is somewha t surprising, Herrns tein and 

Loveland ( 1964) have indicated that the pigeon "rapidly form s 

a broad and complex concep t·when placed in a situation tha t 

demand s one" (p. 551). 

Since the ini tial Herrnstein and Loveland s tudy raise s 

a varie ty of  empirical ques ti ons, i t  seems appropria te to  define 

the limits of the present inv estigation. The ease and rapidity 

wi th which the discrimination was acquired has sugge sted to  

Herrns tein and Loveland that the pigeon s either alr eady had the 

c oncep t a t  the b eginnin3 of the experiment or learned quickly 

during ini tial trials. While the presen t thesis does no t attemp t 

to  commen t on this direc tly, th e rapid acquisi tion of such 

11unfaoiliar 11 concep ts as 11good11 and 11bad11 diodes and pills 

sugges ts that rapid and accurate l earning o f  complex concep t s  

is neither neces sary nor sufficien t pro o f  tha t the animal was 



previously endowed with the concept, either innately or other

wi se. Nonethele ss, even if the animal s learned how and when 

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

1966), thi s proces s i s  of  intere s t  in  revealing how perceptual

learning sy stem s work and how they can be modified. 

It should al so  b e  noted that the present the sis doe s  not 

addre s s  itself to a considerati on of the general c ognitive 

abili ties of avian s. In terest ingly, Thorp e  (1961, 1963) has 

reviewed numer ou s e thological studies involv ing the ident ifica

tion o f  specific human b eing s by vari ous speci es of birds 

de spi te "adv erse" conditions o f  change i n  clothes, etc. He 

ci te s these a s  evidence for "idea tion and manipulation  of 

abs trac t ideas". This argument has recently bee n expanded 

(Thorpe, 1966) to indicate a compl ex avi an consc i ousness in

cluding anticipati o n, expectancy, self-awarenes s, aesthetic, 

and e thical value s. Th i s  the sis does not attempt to c omment 

on such eognitive proc e sses. However, the possibility of such 

c omplex behaviors existing in the avian's n atur al mil ieu c an 

·temp er an initial excitement and .
perplexity about performance 

in the laboratory. 

Successive and Simultaneous Conceot Form ation 

Operationally, experimenters have cho s en ei ther succ essive 

or simultaneous methods of  stimulus pr esentations in the s tudy 
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o_ concept formation. 

I. successive discrimination learning only one disp ay 

(or stimulus complex or "instance") i present on any iv � 

rial. The displays differ from trial to tr·ial and the subject 
ust ma%e one response in the presence of one stimu_us nd 

another response in the presence o_ the other. Usually, 

responses in the presence of posit ve st' u · can be rewarded 

while negative stimuli are presented whi_e extinction is in 

ffect. This type of successive discrimination is often 

referrad to as a 00/no-50 discri ination. However, in a con

ditional successive discrimination it is possible to make a 

correct response and obtain rewar on each trial. Conv rsely, 

in s·multaneous discrim"nation, positive and ne ative d'splays 

are presented together, but usually in a random spatial 

arrangement from trial to trial. In the latter case, the subject 
m st choose between the two displays which are present for 

co�.arison,and such comparison has sometimes baen regarded as 

easier to make than when both disp ays are not physical y 

present (cf. Riley, 1968, pp.9lf_). However, the relative 

ease or difficulty of simultaneous and successive discriminations 

can depend on a variety of experimental conditions. Fo: example, 

under conditions where the st ·mull to be discr·io.inate� are 
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p ysically isolated the Bi ult�neous problem is easier than 

the conditional successive (Bitter an and Wodinsky, 1953; 
1�'ineky2 Varley, and Bitterman, 1954). Conversely, un er 

conditions where the stimuli are closely juxtaposed, th 

successive discrimination is easier than the simultaneo s 

(Bitterman, Tyler, and Elam, 1955; Wodinsky, Varley, and 

Bitterman, 1954). In addition, the rela tiv e difficulty of 

the con ditional successive discrimination increases as the 

similarity of the two members of each pair of stimuli in

creases (!-'Iacaslin, 1954). Still other experimenters have 

observed no differences between go/no-go successive and 

simultaneous conditions (e.g., Grice, 1949). 

A notation for the application of some of these procedures 

to concept formation may be helpful. Consider the ge eral 

concept formation paradigm where B represents a distinctive 

feature such as "human bein511; then A represents all those 

other features which are common to both "humans-present' and 

11humans-absent11 displays. These common A features mi5ht in-

elude houses, cars, landscapes, and even subhuman animals. 

7 

Since both A and B features change from trial to trial a suitable 

notation becomes :1 n and B1 � · In effect, the an·mal 
• • • • • e J. J. 

never encounters a constant or invariant A or n and must learn 

to abstract or to generalize in order to se_ect correctly from 
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among composite displays. The actual training procedure becomes 

A1 B (+) A1 ( - ) Here the animal is rewarded for • • • n 1 • • • n , • • •  n • 

responses to displays containing some instance of B along with 

some ins tance of A but is never rewarded for responses to  

instances of A alone. Tnis procedure can be adminis ter ed both 

successively and simultaneously. Let B* represent the resultant 

feature which is abstracted or generated from B1 • • • n • Then, 

A* becomes the r esultant common featur e which is generated from 

A 1 • • • n • But because A1 • • • n features are always present as 

background to B A* is also generat ed from the general 1 • • • n, 

background of B1 • • • n • 

I n  the actual discrimination of concepts like human being 

it  is not always easy to define B*. dince the animal in the 

above example neve r  encounters a constant an d  unchanging B, it 

is a question of philosophy rather than empiricism how one 

would define B* when only B1 • • • n are available as examples. 

The discrimination of B* can be remarkably strong. For 

example, Siegel and Honig ( 1970) trained one group of pige ons 

o� the problem A1
· 
• • � nB1

· 
• • • nC+), A1 • •  :n<-) wi-th succes

.siv
.
ely ' 

presented slides similar to those used by Herrnstein and Love

land ( 196 4) .  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 pairs 

of displays were simultaneously shown. F.a.ch ·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 
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and absent in the other. Rather good discrimination performance 

was maintained throughout the "matched-pairs tests". Bince 

the A1 ••• n features used in the matched-pairs were identical, 

differences in s timulus control between displays would appear 

to be associated with the presence or absence of B1 ••• n• 

However, since the human feature.in one member of a matched-

pair was r eplaced by additional A1 ••• n features, it remains 

possible (although highly unlikely) that stimulus control was 

based on "amount" of A1 n features present. • • • 

Taken together, the Herrnstein and Loveland (1964) and 

Siegel and Honig (1970) studies demonstrate unequivocally that 

r esponding of the pigeon may come under control of some
. 

complex 

fea ture or integrated 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 



simple visual discriminations. Since most animals showed 60� 

70% responding to the positive (human-present ) displays, the 

discrimination reflects imperfect extinction to the negative 

displays. One possible explanation is to postulate that one 

10 

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 differ entially 

to complex stimuli, stimulus control is often acquired by 

multiple elements (e.g., Johnson and Cumming, 1968; Born and 

Peterson, 196 9 ) . Nonetheless, it is rarely observed that these 

elements or features are the occasion for similar levels of 

responding when they appear s eparately. While this observation 

prompts many experimenters to employ explanatory d evices such 

as "attention" and "acquired dis tinctiveness of cues", Terrace 

( 1966 ) has cautioned that such terms add lit tle to our under

standing. What'·is· needed, therefore,· ls a specification· o·f 

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. 





Another group was trained A(+), AB(-) and termed the feature

nega tive condition. The displays appeared as bright objec ts 

on a dark ground and were rear-projected onto a translucent 
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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 i t  appeared in positive displays. 

Jenkins and Sainsbury ( 196 9 ) r epor t that  the learning of the 

discrimination was f acilitated when the distinctive feature 

appeared on posi tive trials. This has been termed the feature -

positive effect and is marked by response convergence on the 

posi tive feature. When the feature appeared on negative trials 

the discrimination did not develop. Recently, Jenkins and 

da.insbury ( 1969 ) have expanded these results into a theory of 

feature selection: 

The cen tral ideals that successive discrimination 
training in the arrangement An(+); A(-) leads to a 
simultaneous discrimination within the compound, 
AB, display. The ani�al comes to choose B because 
the response to B is always reinforced while the 
response to � is only sometimes reinforced. The 
choice of B within the AB display prevents A from 
gaining strength on AB(+) trials. Since � is still 





were further separated by a l.59mm wide metal strip which 

presumably served to "prevent the activation of more than one 

sector by a single peck" (Jenkins and Sain,sbury, 1970, p. 47). 

With these two conditions fulfilled, Jenkins and Sainsbury 

further assumed that A and B do not interact perceptually. 

That is, A 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 

i n  the feature-negative case). In addition, the distinctive 

feature is still responded to when presented singly--a fact 

which indicates functional separation. While one could argue 

along Gestalt li·nes
. 

(cf. Koffka,· 1935)° that �B and A dispiays 

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 

14 



Sainsbury, 1969, p.157) . It is reasonable to conclude that 

functional separation is possible even when physical separation 

is minimal. 

Thus, a cr itical requirement of this schema is the use of 

distinct functionall y separable featur es as the stimuli. 

Presumably these features do not interact perceptually and to 

connote this Jenkins and Sainsbury refer to 11punctate11 displays. 

However, some degree of perceptual interaction is inevitable. 

For example, "although one can speak of a dot as a distinguish-

ing featur e and the lighted background as a common feature, the 

distinguishing feature cannot be entirely separate from the 

common feature 11 ( Jenkins and Sainsbury, 1969 , p.157). 3ince 

functional separ ation was nonetheless achieved in their experi-

ments, it remains plausible that features are defined as 

functionally separate as long as responses can be made directly 

to them. 

15 

Application of Jenkins and Sainsbury's 3chema to Concept Formation 
in the Present Experiment 

The plan of the present experiment was to assess the 

application of the Jenkins and Ja.insbury schema to the study of 

stimulus control in a concept formation paradigm. 
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Jenkins and Sainsbury note that simple discriminations 

between AB and A displays appea� to develop in accordance with 

the development of discriminations within .AB displays. The 

importance of the requirement of functionally separable features 

ls twofold. Firstly, in order to assess the application of this 

schema to discriminations involving features of the A1 • • •  n 

and B variety, it only becomes necessary to allow respond-1 • • • n 

1ng to the features themselves. .Jecondly, since features can 

be defined as functionall y  separate as l ong as responses are 

made directly to them, spatial distributions can be varied. 

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

completely separate from A1 • • • n which can serve as nonspatially 

separate back5round features as well as spatially separate 

common features. In this way we gain the opportunity to use 

response l ocation 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 from each other in Jenkins and Sainsbury's 

experiments, are the same in t he present study. 

Jenkins and Sainsbury (1969, 1970) have attempted to ex

plain the development of stimulus control through differential 

J 
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reinforcement for a continuum of displays re:nging from spatially 

separate features to nonspatial cases. Wnile 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 features 
. • • • n 

as nonspatially separate background features and spatially 

separate common features, another point of application of the 

schema may be tested alon5 this continuum. 

The previous discussion on concept formation has stressed 

the parallel between these concept paradigms (A1 • • •  nB1 • • •  n' 

A1 • • • n> and that of Jenkins and Sainsbury (AB; .t\). 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 · (A1 • • • n and B1 • • • n> in the present experiment invites 

elaboration. When all instances of a feature (either A or B) 

are identical or even similar to each other the tendency to 

make the same response to each is great and learning of a 

discrimina. tion between di splays charac teri z;ed by. their. presence .... 

or absence is relatively easy. But if there is much variability 

among positive (and/or ne5ative) instances of a feature (as 

in B1 • • •  n> learning is relatively difficult. Taus, the present 

experiment presents a dramatically different problem to the 
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inhibit a certain amount of alternation of responding between 

quadrants. More importantly, a crucial characteristic of the 

common features A1 • • • n is that they are continuous between all 

quadrants. And since we have already noted that functional 

separation is possible even when physical separation is minimal, 

the quadrants in the present experiment were positioned adjacent 

to each other without a dividing metal strip. Separation was 

a maximum of .794mm. This construction allowed one peck to 

activate two quad rants thus increasing reinforcement probability. 

However, such a response would require double the normal force 

requirement and there are already a number of studies suggestin3 

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.g., Elsmore . 

and Brownstein, 1968; Notterman: and l·Iintz, 1965). 1,Tonetheless, 

as an additional control for two-quadrant pecks, a delay 

circuit was arranged which required at least a 50�sec. interval 

between pecks in order for them to be recorded. 

For purposes of clarity, the subocripts 1 • • •  n will be 

eliminated in the chapters which follow. 



Sub j e c t s  

CHAP TER I I  

METHOD 
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�ub j e c t s  were 32 loft-reared homing p i geons  ( Co lumba liv i a ) .  

The maj ori ty o f  the birds  were of the Blue Barred Ro ck breed  and 

all were experim entally naiv e .  · Sub j e c t s  had been  r e ar ed l o cally 

and had co nta c t  prin c ipally wi th o nly two human care taker s pri or 

to the exp erimen t .  At the star t o f  the exp eriment  all sub j e c t s 

were approximate ly 1 2  months o ld and wei ghed be tween 28 5-430 g .  

All sub j e c t s  wer e  maintained a t  70% o f  the ir free-feeding wei ghts  

and housed i n  s ep arate home cage s wi th free  ac c e s s  to  water and 

gri t .  

Apparatus 

A l l  sub j e c t s  were trained in an operan t  di s crimination uni t 

equipp ed with two 7 . 62cm x 7 . 6 2cm "p o lacoat " s cree n s ,  one o n  

each side of a cen trally po sitioned food magazine . Four i ndivi dually 

operab l e  re s�onse  key s ,  conatru�t�4 from c l e�r p lexi gl a s  and 

3. 8 l cm x 3 . 8lcm  x l . 588mm , were  placed  over each s e c tion . A 

string-gauge wa s employed to adj u s t  and equali ze the f or c e  r e quir e 

ment s  on a l l  re spon s e  key s and thi s pro cedure was repeated weekly . 



Di sp l ay s  wer e  r e ar - pr o j e c te d  o n t o  the s cr e e n s  by m e an s  o f  

a Ko dal{ Caro u s e l  800 pro j e c t or ( modi f i e d  b y  Lehi gh ,_ :Val l ey 

Ele c tr o n i c s ,  n o . 1649) e quipp e d  wi th a 1 . 0  n e u tr a l  d e n s i ty 

fi l t e r . Two e xp e r i m e n tal uni t s of i de n t i c a l  d e s i gn we r e  

equipp e d  i n  thi s way . 
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Pr ogramm i n 5  and r e c or d i ng e quipment wa s l o c a t e d  in an 

ad j a c e n t  r oo m .  A c o n t i nuo u s  whi t e  ma s king n o i s e  wa s fed i n t o  

l o ud sp e aker s l o c a t e d  b o th i n s i de and o u t s i de o f  the e xp e r i m e n tal 

uni t s .  Re sp on s es  wer e r e c o r d e d  f o r  s e p ar a t e  quadr an t s  dur i ng 

bo th t r a i ning an d t e s ti ng .  

St i mu l i  

A l l  s ti m u l i  c o n s i s t e d  o f  35mm �o da chr o m e  II  o r  Ek t a chr ome 

c o l o r  tr an sp ar e n c i e s  ( s l i d e s ) wh i ch had b e e n  pho togr aphe d  wi th 

a s in g l e  le n s  r e f l e x  c am e r a  e quipp e d  wi th an a u t o m a t i c e xp o sur e 

me t e r . The f our typ e s o f  s ti mu l i  u s ed and a no t a t i o n  f o r  them 

ar e shown i n  Fi g ur e  1. The di sp l ay s c o n tai n i ng B f e a ture s i n 

c lude d  p e o p l e  o f  v ar i o u s  r a c e s ,  age s ,  s i ze s ,  and dr e s s .  Tney 

.we r e  di splay e d  i n  var i o u s  at t i tude s and . o .c c upi ed v ar i o u s p o si t i o n s  . 

i n  and p o r t i o n s  o f  the quadr an t i n  whi ch they app e ar e d .  The 

amount of a p er s o n  di sp l ay e d  v ar i e d .  Fo r e xamp l e , i n  s o m e  di s 

p l ay s  o n ly a n  arm o r  a h e ad wo uld b e  v i s i b l e , while others 

di s p l ay e d  an e n t i r e b o dy or s e v eral p e o p l e  i n  a gr o up . The A 

fe ature s al s o  i n c lude d  a wi d e  vari e ty such as land s c ap e s , ho u s e s ,  

c ar s ,  v ar i o u s  o b j e c t s ,  and s ubhuman sp e c i e s .  Several repr e s e n t a 

tive di sp lay s ar e reprodu c ed i n  Fi gur e 2 .  There wer e  
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Fi gure 1 .  S chem at i c repr e s e n t a t i o n  o f  the f our type s . o f d i sp l ay s  

u s e d  i n  the e xp e ri m e n t .  
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approximately 2000 different displays utili zed in this ex

periment: 500 AAAA,  500 BBBB,  500 ABBB ,  and 500 BA A.A .  In ABBB 

displays, A l s  referred to as the di stinc tiv e feature while B 

features are common to ABEB and BBBB displays. Conversely, 

in BAAA displays, B is referred to as the distinctive feature 

and A features are common to BAA.A 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, 

1 . e. ,  the presence of a person. 31egel and Honig questioned 

whe ther 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 associated 

�d th articles of clothing, jewelry, etc. Thus, an attempt was 

made ( in the photo5raphin5 of displays) to insure that these 

articles and ob j ects appeared equally often as A features 

without humans. 

Because of the difficulty in constructing matched-pairs 

( See Testing Procedure below) of the ABEB variety, mannequins 

( Barbl-dolls)
. 

were 
.
frequently used in place of real people. T'ne 

use of mannequins permitted greater  flexibility in the design 

of  these display s. Approximately 50 %. of the Test 2 slides o f  

the ABBB/BBBB variety were mannequins and this was the only 

occasslon in which mannequin slides were used in the experiment. 

24 



Ge n e r a l  Procedure 

Sub j e c t s  were r andomly d i v i d e d  i n t o  e i ght gro up s o f  four 

sub j e c t s  e a ch . 1 All sub j e c t s  we r e  g i v e n  c o n v e n ti o nal maga z i n e  

tr ai n i n g  and shap i ng of the key -p e c k  r e sp o n s e  dur i n g  the f i r s t  

se s s i o n . Duri ng thi s p r o c e dur e o n ly o n e  s cr e e n  wa s i l lum i n a t e d  

wi th whi t e  l i gh t  a n d  respon ses c o u l d  b e  made to any quadra nt . 

Fo llowing thi s ,  s ub j e c t s  we re g i v e n  f o ur s e s s i on s o f  tr a i n i ng 

on a v ar i ab l e  i n t erv a l  o n e  minu t e  ( VI 1 )  food r e i n for c emen t  

schedule. Reinforcement c o n s i s te d  o f  a 3- s e c .  a c c e s s  t o  m i xe d  

gr ai n .  The s e  i n i ti a l  s e s s i o n s  wer e terminated wh en fifty 

re i n f o r c eme n t s  wer e  received. In the f i fth s e s s i o n , a l l  s ub -

j e c t s  r e c e iv e d  40 t r i al s i n  whi ch whi te ligh t wa s di sp l ay ed .  

Ea. eh tri al wa s 90 - s e c . long followed _by a 10 - s e c .  i n t e r - tr i al 

interval ( ITI )  duri ng whi ch t i m e  the s cr e en wa s dar k  and 

rei nforcemen t was not ava i l ab l e . During the I TI an automatic 

shu t t e r  lo c a t e d  i n  the pro j e c t o r  was c lo s e d  thu s dar keni ng the 

s cr e e n . 

Followi ng this p r e l i mi n ar y  trainin g, sub j e c t s  r e c ei v e d  

e i ther 2 5  or - 60 'da i ly s e s s i o n s  - of  c:U s crim'i nati on  training , 

depe n d i n3 o n  whi ch gro up they wer e  a s s i 3 ne d  to . Each s e s s i o n  

c on s i s te d  of 40 s u c c e s s i vely p r e s e n t e d  s li de s { o n e  s cr e en 

1 The e i ght gr o up s  we r e  a l l  treate d  wi th s i m i l ar p r o c e dur e s ,  
sav e  f o r  rein forcement c ontin3en c i e s .  ifnile reporte d  together , 
Gr oup s FPG, FPS ,  and FPP2 we r e  r un fi r st and a t  the same time , 
f o l l owed by the rest o f  the group � .  
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i lluminated ) .  Each se s si o n  in cluded 20 po si tive (+ ) and 20 

negativ e ( - )  trials  o f  90- se c . each ,  randomly alternated i n  

Ge llermann s eri e s  ( Hi lgard ,  1951 ) .  Th e  lo cation o f  featur e s  

wi thin the di splay s  wa s randomly changed from trial to  tri al . 

Thus ,  in  20 tri al s the di stinc tive feature (B  of  BAAA and 

A o f  ABBB ) was pre sented five  time s in each quadran t .  Each 

trial was fo llowed by a 10 - se c . I TI .  The slide s pre sented 

duri ng a s e s sion all differed  from each o ther , and di fferen t 

se ts  of  slide s were pre sented in  each s e s s ion .  Slide s wer e 

randomly sele c ted for pre s entati o n  during spe c i fi c  s e s sion s .  

Tne slide  library was suffi cient  to program abo ut 2 5  se s si o n s  

( 1000 slide s )  fo:r a given  group wi-thout  rep e ti tion . Only one 

s creen was i l luminated wi thin a given s e s sion , but s creens  

were  randomly alt ernated b e tween se s sions  ( cf .  Gellermann 

seri e s ) . 

De sisn 

2 G  

Table  I pre sen t s  the eight tre atmen t  group s ,  the ir po si tive  
. . . . . · 

and negative di splay s ,  and the spe ci fi c  re sp on se  and re infor c e -

men t con tingenci e s . Treat:nent sroup s  are alway s clas s i f i ed in  

terms of  the pre sence  or ab sence o f  a B feature (human ) on  

reinforced di splay s .  The eight g�oup s  i n  Table  I are defined i n  

the following manner : 



TABLE I .  No t a t i o n  and de s cr i p t i o n  o f  the e i ght e xp e r i m e ntal 
group s .  

GROUP 

Fe a t ur e -
pre s en t  

so e c i f i c  
Fe atur e -

p r e s e n t  
� en e r a l  

Fe a tur e -
pr e s e n t  

g e n e r a l  
n e � a t i v e  

Fe a t ure -
pre s e n t  

p s e udo 
VI 1 

Fe a tu r e -
p r e s e n t  

p seudo 
VI 2 

Fe a t ur e -
ab s e n t  

so e c i fi c  
Fe a tur e -

ab s e n t  
ge n e r al 

Fe a tur e -
ab s e n t  

p s e ud o 
VI 1 

FP 3  

FPG 

F? GN 

FPP l 

1 FPP2 

F1\ S 
' 

FAG 

FAP l  

NOTATION 

� EB 
+ -

� rn 
+ -

� � .. 
. .. 

� �1:1 
+ + 

ffif! 
. 1-� i • ! • 

+ + ·  

� .... � 
� �j � 

+ -

• � .-� I 

DE3CRIP TI ON 

On ly r e sp o n s e s t o  quadr a n t  
wi th B fe a t ur e  c an b e  
r e ·11ar d e d  
Re sp o n s e s t o  any quadr an t 
o f  di sp l ay wi th B feature 
c an b e  r e war d e d  
Re spo n s e s t o  any quadr an t 
o f  di sp l ay wi th B f e a tur e 
a b s en t  c an be r e ward e d  

Re sp o n s e s . t o any quadr an t 
o f  any d i sp l ay c an b e  
r e war d e d  50 % o f  th e t i m e  
o n  V I  1 
Re spo n s e s  t o  an y quad.r an t 
o f  any d i sp l ay c an b e  
rewarded 100%  o f  t i m e  o n  
V I  2 
On ly r e sp o n s e s t o  quadr an t 
wi th B f e a ture ab s e n t  c an 
b e  r e ward e d . Coo.o l e:n e n t  o f  
Re sp o n s e s  t o  any quadr an t 
o f  di sp l ay wi th B f e a t ur e  
ab s e n t  i n  o n e  quadr an t c an 
b e  r e war d e d  .. Como l ern e n t  o f  
Re s p o n s e s  t o  any quadr an t  
o f  an di s o l a  c an  b e  y • y 
r e war d e d  50% o f  th e t i m e  o n  
VI 1 .  Comp l em e n t  o f  FPP l 

+ = m ark s di sp l ay s  whi ch ar e  p o si t i v e and c an b e  r e war d e d  

= marks di sp l ay s whi c h  are n e g a ti v e  a n d  c anno t b e  r e war d e d  

• - mar k s  quadr an t s  o n  whi ch r e spon s e s  c an b e  r e warde d 

F 

FP G 
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Feature-2r e sent  r e fers  to  di splay s charac teri zed by the 

pre s en c e  of human feature ( B )  i n  one quadran t .  I n  o ther word s ,  

the human feature s ar e the di stin c ti ve fea ture s whi l e  l and s c ap e s  

and re lated ob j e c t s  are coramon f eature s .  Fe ature-pr e s e n t  

spe ci f i c  ( FPJ)  de s ignat e s sub j e c t s  who r e c e i v e d  po si tive  di s

play s  o f  the BA AA v ari e ty and negative di splay s o f  the AAAA 

vari e ty .  In the se  po si tiv e di spl ay s ,  the sub j e c t s  were 

required to re spond sp e c i fi cally to the quadrant i n  whi ch the 

B feature was pr e sen t .  Feature -pr e sent  general ( FPG)  de sisnat e s 

sub j e c t s  trained  BAAA (+) , AA.AA ( - ) , Her e , r e spon se s made 

gene rally to any quadrant  of the po s i tive di splay could b e  

rewarded and thi s group l s  analo5Qu s to Je nki n s  and Saln sbury ' s 

featur e-po si tiv e  c o ndi tion  i n  whi ch spontaneou s tracki n3 o f  

the B f eature c an be a s se s se d .  Similarly , the Fea ture -pre sent 

spe c i fi c gro up enab l e s  us  to d e termine if  trac �dng of  the  B 

feature can be  for c e d  i f  i t  doe s no t emerge spon taneo u s ly . The 

Featur e-pr e sent  general negative group ( FPGN )  were trained  

BAAA ( - ) , AAAA ( T) .  Thi s is  the oppo si te r e infor c ement  c o ndi tion  

frOm FPG and c omparable  to Jenki ns  and 
. 
Sai � sbu�y ' s fea  ttire

nega tive training c ondi tion .  Here , re sponding l s  al lowed to  

shi f t away from the human feature whi ch appe ar s  on nonr e i nfo r c ed 

tri al s .  Both feature -pre sen t  p seudo group s ( FPPl and FPP2 ) 

re c e ived  non-di fferential trai ning o n  BAAA and AAAA di sp lay s i n  



order to a s se s s  b a seline p er forman c e  and any na tural . re sp on s e  

preferen c e s  whi ch might  develop b e tween and/or wi thin di splay s .  

Feature - ab se n t  r e fer s  to di splay s charac teri zed b y  the 

ab s e n c e  of a human feature ( B )  from o n e  quadran t .  In  o ther 

words ,  the human f eatur e s  are now c ommon feature s whi l e  the 

land s c ap e s and o ther related featur e s  appear as the di s tin c ti v e  

featur e  i n  one  quadran t .  Fe ature-ab s e n t  spe ci fi c ( FAS )  

de sig nate s sub j e c t s  trained ABBB ( +) ,  BBBB ( - ) . Her e , sub j e c t s  

were r equired t o  r e sp ond spe c i fi cally t o  the single quadran t 
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in whi ch the human was ab sen t ( A ) . Thi s group c an b e  c o n

sidere d  the c omp l ement of  feature -pre s e n t  spe c i fi c .  Simi l ar ly , 

Featute-ab sent  g en eral ( FAG)  r e fer.a to sub j e c t s  trai ned , ABBB (+ ) , 

BBBB ( - ) and re spon s e s to any p ar t  o f  the di splay wi th human 

feature ab sent from one quadran t could be  rewarded . �ni s  group 

i s  the comp l ement o f  f eature -pr e sent general . Fe atur e - ab sent 

p seudo sub j e c t s  ( FAP 1 ) r e c e i v e d  non-differen ti al training on  

ABBE and BBBB di sp lay s . a s complementary pro c edur e  for  feature 

pre sent  p seudo group s .  I n  gener al , Feat ure-ab sent group s were 

de signed to as s e s s  the i nter changeab i li ty o f  A and B f eatur e s  

in the pre sent con c ep t  exp erimen t .  Jenki n s  and Sai n sbury ran 

group s in  whi ch they o b s erved  that the de signation  o f  A or B a s  

the di s t i nc ti v e  feature made li t tle di f feren c e  i n  the development 



29 

of  b e twe e n  or wi thin-di splay di s cr imina tion . Their  eroup s 

were symme tri c al wi th r e spe c t  to the u s e  o f  di s cr e t e  s timuli 

( cir cle s and s tar s ) a s  common or  di sti n c ti v e  feature s .  2uper

fi c i al ly ,  the Fe atur e - ab sent  and Featur e -pre sent  group s 

repr e se n t  a similar symme try , at  l e a s t  i n  term s  o f  n o t a ti o n .  

However , whi le A 1 • • • n and B1 • • •  n are i n t er changed in  the s e  

group s ,  the background feature s ( A 1 • • •  n > are no t .  Thu s ,  the 

inter change o f  A and B in the pre sent de sign r e sul t s  i n  a type 

o f  a symme try . The c o n s e quen c e  o f  thi s a symme try may b e  a s s e s sed  

by c omparing Fea ture- ab sen t and Feature -pre sent  group s .  

When reinfor c ement s wer e avai lab l e  they wer e  ob tainab l e  o n  

a vari ab l e  i n t erval o n e  minute s chedule ( VI 1 ) .  Th e  single 

excep tion  to thi s was Group FPP2 wher e  reinfor c emen t s  wer e  

avai lable  during all tri al s on a v ar i ab l e  in terval two -minute 

s chedule ( VI 2 ) . Rei nfor c em en t s  con si s ted  of a 3- s e c .  a c c e s s  

t o  mixed  grain dur i ng whi ch time the di spl ay s remai ned o n  the 

s creen but the magazine wa s i lluminated wi th whi t e  light . 

Ae s ting Pro c edure  

A t  the comple t i o n  of  training al l sub j e c t s  were given  two 

te s t s  i n e xtin c ti o n  s e s sion s .  Five regular traini ng s e s si o n s  

int ervened b e tween  the two t e s t s .  

Te s t  1 consi s te d  o f  40 " new" slide s ( no t previou sly sho wn ) 

suc c e s siv e ly pre sented  i n  30 - s e c .  tr i al s  wi th a 10 - s e c . I TI .  

or - the s e  40 slide s ,  20 were  po si tive  di sp lay s and 20 were 
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negative di sp lay s all randomly al ter nated . 

Te s t  2 con s i s ted  o f  20 mat ched-pai r s . o f  sli de s s imul taneou s ly 

pre s en te d  in 30- s e c . tri al s wi th a 10- s e c .  I TI b e twe en tri al s .  

Each mat ched-pair consi s ted o f  two slide s o f  the sam e  s c ene  

whi ch differed only i n  one quadran t .  For . sub j e c t s  trained on 

di splay s o f . the "BAA.A/AAA.A vari e ty ,  the AMA di splay o f  the 

pair was identi c al to the DAAA di sp lay wi th the excep tion that 

one or more human forms or par t s  there o f  we re contained i n  the 

quadrant de signated  B.  Thu s ,  the exac t no tati on o f  the s e  

mat ched-pair s be c ome s ,  for examp l e : 

The quadrant B1 ac tually contai ned A 1  wi th the addi t i o n  of  the 

human f eature  whi ch u sually o b s cur ed much o f  A1 • For sub j e c t s  

trained o n  the di splay s o f  the ABBB/BBBB varie ty , the ABBE 

di sp lay of the pair was identi c al to the BBBB di sp lay wi th the 

excep tion that the B fe ature was removed  from one  quadrant 

leaving only the r emaini ng A feature . Thus ,  the exac t no tation  
. .  

o f  the se mat ched-pair s b e c ome s ,  for example : 

Example s o f  b o th typ e s  o f  mat ched-pai r s  ar e shown i n  Figure 3 .  





Rev e r s a l  Trai nin3 

A s  a supple me n tary pro c edur e , Gro up s FP 3 and FPG we r e  

giv e n  FPGN tr aini ng for 60 addi t i o n a l  s e s si on s  and agai n 

te s t ed wi th a ne w Te s t  1 and a new Te s t  2 .  
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Tri al-by - trial r e sp on se s to each di splay were r e corded 

thro ughout training and te s ting s e s sion s .  Tri al-by - trial 

re spon se s to each quadrant were  al so re corded for each sub j e c t .  

The di s crimination  ratio ( DR)  was used t o  de scribe  the percentage 

of .the total r e spon s e s  in a se s sion  made to po si tiv e  di splay s .  

Algebrai cally , the DR equal s lOOP/ ( P+ � )  where P l s  the 

numb er of r e spon se s made to di splay s c ontaining the di s tinc tiv e 

feature and N the number made to di splay s  no t containing the 

di s tinc tiv e  f eature . 3imi larly , � convergence  ratio (CR )  was 

used  ( i) in  the case  o f  the featur e-pre sent  gro up s  to de s cribe  

the per c en tage of  re sp on se s  to the di s tinc tive  feature quadrant 

( B )  again s t  the to tal of  r e spo n s e s  to  all quadrant s  of the 

featur e -pre sent di splay (B.AAA ) . Algebrai cally , thi s CR ( i )  

equal s 1003/ ( B-tA -\A-+A ) . The CR was also  u sed ( l i )  in  the case  

of  feature- ab sent group s  to de s cribe  the percentage  o f  r e spon s e s 

to the di s ti n c tive ' fea�ur� - ab ��nt  qtladr�rit (A ) a�ain �t . to t�l · 

re spon se s to a.11 quadrant s  o f  the feature-ab sent  di splay (ABBB ) . 

Algebrai cally , thi s CR ( 11 ) e qual s lOOA/ (A+B +B-\B ) . I n  o ther 

words ,  the DR wa s a measure o f  di s crimination performanc e 
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be tween po si tive and negative di splay s  whi le the CR was a measure 

of p er form ance  wi thi n the di s ti n c tive featur e di splay s .  

Wi th n o  di fferenc e  be tween r e sponse  rate s t o  po si ti ve and 

negative di sp l ay s ,  the DR i s  50 . If a sub j e c t  r e spond s exclusively 

to di splay s contai ni ng the di s tin c tive feature the ratio  i s  100. 

DR 1 s l e s s  than 50 indi cate  an avo idan c e  of the di splay s  con-

taining the di s ti n c tive fe atur e •  �:imilarly , i f  ther e i s  no 

di fference  betwe en re sponse rate s to the featur e -pre sent quadran t  

( B o f  BAAA) or the feature-ab sent quadrant ( A  o f  ABEB ) and the 

re spon s e s  to the o ther quadran t s  o f  that di splay ,  the CR i s  25 . 

Early i n  training one would predi c t  that all sub j e c t s  would hav e  I 

a CR c lo se  to 25 . If  r e sponse s during training converged on the 

featur e-pre s ent or featur e - ab sent quadran t , the CR would be 

expe c ted to i n cr e a s e  gradually and approach 100 .  I f ,  howev er , 

a sub j e c t  tended to avoid  thi s quadrant , the CR would de crease  

to v alue s  less  than 2 5 .  

Trai ning Re sul t s  

The mean CR ' s - and· DR' s in . blo ck s  o f - five  se ssions - througho ut __ · 

trai ni ng are pre sented for each group separate ly i n  Figur e s  4-1 1 .  

Me an DR 1 s and CR 1 s for each o f  the fir s t  five training s e s sions 

are al so  inc luded in  the s e  figure s .  DR1 s and CR' s achi eved i n  the 

las t blo ck  o f  training for each bird ( Pre - Te st 1 )  ar e al so pre sented 

in Table s II  and III  along wi th t e s ting re sul t s  whi ch wi l l  be 

di s c u s sed later . 



















The results for FPG are presented in Figure 4 .  Here both 

the DR and CR show only a very small increase over· sessions 

reac hi ng a mean DR of 58 and CR of 43 in the last block of 

training . Wnile 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, 

subj ects were able to acquire a discrimination between feature

present and feature- absent displays when such displays were 

assigned to posi tive and negative trials. Concomitan tly, a 

within-display discrimination formed with a convergence of 

r esponses on the distinctiv e  feature when it appeared on posi

tive trials. 

The results for Group FPS are presented in Figure 5 .  The 
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DR here appears to increase gradually over sessions until a mean 

terminal ratio of 6 8  is reached. The CR inc reases dramatically 

over initial sessions until 80 -90 % 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)° a dramatic within- display discrimination formed. 

Groups receiving pseudo-di scrimination training showe d ·no 

noticeable development toward discriminating between- or wi thin

displays reaching asymptotic DR1 s near 50 and CR1 s near 25 

( Group FPP2 , Figure 7 ;  Group FPP1 , Figure 8 ;  Group FAPl , Figure 11 ) . 
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po si tive  and negative di spl ay s .  Ho wever , the mean CR increase s 

gradually to a terminal 45 indi c ating a marked pre ference  i n  

re spondi ng t o  the featur e - ab sent quadr an t .  Group FA J was al so 

trained for 25 s e s sion s .  Whil e  the performance  of the complement 

group ( FP S ) did no t change no ti ce ably after  25 s e s si on s ,  caution 

mus t  be  taken i n  i nterpre ting the s e  final blo c k  ratio s as 

asymp t o ti c .  

To summari ze the re sul t s  thus far , sub j e c t s  wer e able  to 

acquire  a di s crimi nation b e twe en featune -pre sent and faatU.re

ab sent di spl ay s whe n  such di sp lay s were as si gned to  po si tive and 

negative  tri als .  When re sponding was demanded to the di s ti n ctive  

feature ( B  o f  BA AA or A of  ABBB) a wi thi n-di splay di s crimination 

formed wi th a convergence  o f  re spon s e s on  the di stinc tive feature 

when i t  app eared on po si tive tri al s .  Three out o f  four sub j e c t s  

i n  one group { FP G� )  avoided ( to a sli ght degree ) the feature 

when i t  appe ared on negative tri al s .  When re sponding was r e -

quired only to the di splay con t ai ni ng the di stinc tive feature 

( FPG and FAG) , a small but consi stent  pre f erence for r e spo nding 
. .  

t o  the f eature i t se l f  dev e loped wi thin-di spl ay s . 

Te sti ng Re sul t s  ( Wi thin Group s ) 

Re sul t s  for the l a s t  blo ck o f  training ( Pre - Te s t  1 ) , Te s t  1 ,  

re training (Pre - Te s t 2 )  and Te s t  2 s e s si o n s  are pre sented i n  Table s  
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II and I I I  in  term s  o f  DR ' s and CR' s for each sub j e c t .  .All 

Pre- Te s t  1 rati o s  repre sent  the mean s  for the last  five s e s sions  

prior to Te st  1 .  All  Pre - Te s t 2 rati o s  repre s ent  the mean s  for 

the five r e traini ng s e s s i on s  given betwee n  Te s t  1 and Te s t  2 .  

I t  should be  no ted  that for gro up s  i n  Table  I I ,  Pre - Te s t  1 

refer s to se s sion s 55-60 , while  for group s i n  Tabl e  I I I , Pre- Te s t  1 

refer s to s e s s i o n s  20 - 2 5 .  Henc e , rati o s  are pre sented under the 

columT'I labelled " .Se s si on 25 11 ( Tabl e I I ) repre senting the mean s  

for s e s sion s 20 - 25 and can b e  comp ared wi th Pre- Te s t  l rati o s  

i n  Tab l e  I I I . 

Analy se s o f  varian c e  were c arri ed out  on the variate s T 1 - T5 

for Group s wi th 60 training s e s si o n s  and T 1 - T4 for Group s wi th 

25 training s e s s i o n s  ( DR ' s only ) and the s e  are repor ted in Table  

IV. Parallel analy s e s  o f  var i ance  were  carri ed out on the CR1 s 

only and the se  are pre sented in  Tabl e  V. An r value i s  al so 

li sted  for each analy si s and thi s indi c ate s the maximum number o f  

mutual ly orthogonal contra s t s  re j e c tabl e  among the gro up mean s  

( er .  Rodger , 1967a,  1967b ) . 

Table  I I  pre sents  the re sul t s  for Bird s 1-16 all o f  whi ch 

received 60 training s e s si on s  prior to Te s t  1 .  I t  i s  clear from 

a compari son o f  p er formance a.t s e s si on 25 ( T1 ) wi th se s sion  60 

( T2 ) that there was generally li ttle change during the l a s t  35 

se ssions  o f  training. Generally , bird s i n  b o th Group s FPG and FP S  



TABLE I I . Pre - Te e t  and Te s t  re sul t s  for bird s r e c eiving 60 traini ng s e s s sion a .  

T 1 T2 T3 T4 T� . 
GROUP B I RD SESSI ON 2;2 PRE- TE3 T  1 TE.iT 1 PRE- TEST 2 . TES 2 · 

DR CR DR CR DR CR DR CR DR CR 

FPG l 53 44 6 5 51 6 9 56 68  5 5  74 97 
2 54 42 54 33 55 40 56 37 60 85 
3 58 4 1 59 42 6 2 60 6 3 49 8 1  60 
4 5 5· 39 56 44 6 1  57 56 45 35 48 

mean 55 . 0 41 . 5 58 . 5 42. 5 6 1 . 8  5 3 . 3 60 . 8  46 . 5  6 2 . 5 72 .  � 
FP S  5 6 3 . - 88 6 5  8 1  6 6  89 48 99 77 9 4  

6 7 1  8 5  7 3 76 70 9 1  6 4  83  76 8 3  
7 6 5 95 75 9 2  7 1 95 7 1 90 9 3  95 
8 6 7  83  6 6  88 70 9 1 73 79 80 . 9 2  

mean 6 6 . 5 8 7 . 8  6 9 . 8  8 4. 3  6 9 . 3 9 1 . 5 6 4 . 0 87 . 8  8 1 . 5 9 1 . (  

FPGN 9 59 . 28 72 17  6 5 19 7 2  2 4  68 20 
10 6 1 27 6 5  • 2 2 7 2  25 59 25 47 1 4  
1 1  60 .. 20 59 18 59 4 1 59 29 49 19  
1 2  58 38 6 4  38 68  33 6 4  41 5 8  25 

mean 5 9 . 5  28 . 3  6 5 . 0 2 3 . 8 66 . o  29 . 5 6 3 . 5 29 . 8 55 . 5  19 . � 
FPP2 1 3  46 29 5 1  27 ) 47 35 5 1  26 45 1 4  

1 4  44· 3 1  48 2 1  47 39 50 23 46 29 
1 5  49 34 50 28 49 29 48 28 52 2 3 
1 6 48 2 4  49 28 47 32  48 30 47 25  

mean 46- . 8 29 . 5  49 . 5 26 . 0  47. 5  33 . 8  49 . 3 28 . 0 47 . 5 22 . �  

( 



TABLE I I I . Pre - Te st . and Te s t  re sul t s  for bird s  r e c ei ving 25 trai ning s e s si o n s . 

·. 

Tl T2 
PRE:±ES T 2 

T4 
GROUP B I RD SES S I ON 2�(Pre- Te s t  l �  TEST 1 TES T 2 

DR CR DR CR DR CR DR CR 
FPP 1 17 50 ' 28 5 1  35 5 1 26 45 32 

1 8  49 3 1  54 28 50 28 44 32 
1 9  5 2  2 2  5 1 3 9 48 28 45 1 5 
20 48 27 48 24 48 30 79 35 

mean 49 ;. 8 27 . 0  5 1 . 0  3 1 . 5  49 . 3  28 . 0 5 3 . 3 28 . 5  

FAG 2 1  5 3 . 3 3  75 2 9  6 0  3 1 34 40 
22 55 29 7 1  27 6 5 3 1  ; 56 38 
2 3  49 43 6 1  47 6 8 38 5 2 27 
2 4  5 8  2 3  6 7  26 6 1 25 56 3 3 

mean 53 . 8 3 3 . 3 6 8 . 5 3 2 . 5 6 3 . 5 3 1 . 3 49 . 5 34. 5  

FA S  2 5 52 . 45 59 5 1 60 42 49 38 
26 5 2  42 i 60 47 5 3 47 46 37 
27 5 2  .. 47 7 1  I 3 7  6 1  38 37 47 
28 5 5 50 6 7  42 58 46 5 3 43 

me an 5 2 . 8 46 . o  6 4. 3 44 . 3 58 . o 43 . 3 46 . 3  4 1 . 3 

FAP 1  29 48 24 57 23 54 1 7  44 1 7 
30 49 : 3 3  5 2 2 5  56 25 42 20 
3 1  48 1 8  49 1 9 49 2 1  36 1 6  
3 2 48 2 4 50 2 4  50 2 1  46 1 4  

me an 48·. 3 2 4 . 8 5 2 . 0 2 2 . 8 52 . 3 2 1 . 0 42 . 0 1 6 . 8  





TABLE V • Summary table s  o f  analy s e s  o f  var i an c e  o f  convergenc e  
rati o s  during training and te s ting co ndi tion s .  

GROUP SOUR CE S S  df MS F r 
FPG Be tween 3 s  6 22 . 9 3 

Wi thin S s  4080 . 8  16  
Be tween  Treatment 259 9 . 0 4 649 . 7 5 . 264 2 
Re sidual 1481 . 8  1 2  123 . 4 

To tal 470 3 . 7 1 9  

FPS Be tween Ss 212. 5 3 
Within Js  440 . 4 16 

Betwe e n  Tre atment 137. 7 4 34. 4 1 . 365 0 
Re sidual 30 2 .  7 1 2  25 . 2 

To tal 71 2 . 9 1 9  

FPGN Be tween Ss  560 . 9  3 
Wi thin Gs  721 . 6  16 

Between Tre atment 314. 3 4 78 . 5 2 . 31 5  1 
Re sidual 40 7 . 3  1 2  33. 9 

To tal 1 282 . 5 19  

F?P2 Be tween Ss 30 . 0  3 
Wi thin J s  50 8 . 0  16 

Betwe en Tre atment 267 . 5 4 66 . 8  3 . 336 1 
Re s i dual 240 . 5 1 2  20 . 0  

To tal 538 . o  1 9  

FPP 1 Be twe en Ss 38 . 1 3 
Wi thin Ss 430 . 3 1 2  

Be tween Treatment 41 . 6 3 13 . 8 . 320 0 
Re sidual 388 . 7 9 43 . l 

To tal 468 . 4  15 

FA G  Be tween Ss  244. 1 3 
Wi thin S s  400 . 3  1 2  

Be tween Treatment 2 3 . 1 3 1 . 1 . 183 . Q  
Re sidual 377 . 2 9 41 . 9  

Total 6 44. 4 15  
. :  .. .  FAS Be twe e n  Ss 19 . l  3 ·  

Wi thi n Ss  288 . 3 12  
Betwe e n  Treatment 47 . 1  3 15 . 7 • 585 0 
Re sidual 241 . 2 9 26 . 8  

To tal 307 . 4 15 

FAP 1  Be twe en Ss 116 . l 3 
Wi thi n  Js 20 9 . 3  1 2  

Between  Treatment 139 . 2 3 46 . 4 5 . 948 2 
Re sidual 70 . 1 9 7 . 8 

To tal 325 . 4  1 5  
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showed an improvement in DR' s and CR ' a from s e s si on 60 ( Pre - Te s t  

1 )  to Te s t  1 but the s e  tr end s were no t signi fi cant . During 

Pre- Te s t  2 ,  there was a tendency toward improved performance 

for mo s t  sub j e c t s ,  but again thi s was no t si gni fi can t .  However , 

in Te s t  2 Group FPG showed a signi fi cant improvement in  CR' s 

over Pre- Te s t  2 l evel s .  Similarly , Group FP S  showed a dramati c 

improv ement in DR ' s from Pre- Te s t  2 to Te s t  2 .  While Group 

FPGN showed a signifi c ant avoi dan c e  o f  the di s ti n c tive  feature 

wi thin-di splay s in Te s t  2 ,  di s crimination be tween-di �play s  was 

poorer on Te s t  2 then in pr evious  condi tion s . Inter e s tingly , 

Group FPP2 sho we d li ttle change throughout all condi tions wi th 

the exc eption o f  an i n creased avoi dance  of the di stinc tiv e 

feature during simultaneous Te s t  2 when compared wi th previous 

condi ti ons . 

Table I I I  pre sent s the r e sul t s  for Bird s 17-32 , al l o f  whi ch 

re c eived 25 training se s sions  prior to Te s t  1 . Group s FAG and 

FA S sho wed a dramati c and signi fi c ant improvement  in be tween

di splay di § criminati on from Se s sion 25 to Te st  l .  While  
. ·  . .. . . . 

wi thin-di splay performan c e  changed little for FAG and FA S during 

any c ondi tion s , the DR' s for bo th gro up s  refle c t  a si gn i fi cant 

de teri orati on in  the ac curacy of betwe en-di splay di s criminati on 

from Pre - Te s t  2 to Te s t  2 . 
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o f  a di ffer e n c e  ( c f .  Yul e  and Kendal l ,  1953 ,  p . 329 ) , the u s e  

of P - N  r a ther than P/ (P+N)  i s  pre ferab l e  f o r  the f ormal analy s e s .  

Then , P-bN r epre sent s a wei ghted s core ( whe r e  b i s  the r e gr e s s i o n  

c o e f f i c i en t  c a l c ul ated from the data ) and thi s l a  the b a si c 

no t at i on o f  the analy si s o f  covar i an c e  i n  whi ch group m e an s  

ar e ad j us te d  f o r  the var i an c e  no t dir e c tly r e l ated t o  the tre a t 

men t e f fe c t s  and are fre e  o f  the l i n e ar e f f e c t  o f  the c ovari ate . 

Analy s e s o f  covar i an c e  were c ar ri ed o u t  o n  bo th r e sp on s e  

rate s b e twe e n  and wi thin dl sp lay a .
1 

In  the be twe e n-di spl ay 

analy s e s ,  r e spon s e  r a t e s to the negative di spl ay s wer e  d e si gnate d  

the c o v ar i a t e  x1 , � · · · · • Xk and rate s t o  t h e  p o si t i v e  di sp l ay s 

wer e  d e signated the crl t er i o n  Y
1

, ·Y
2

, • • • •  , Yk . In the wi thin

dl splay analy s e s ,  r e spon s e  r a t e s to B i n  .i3AAA di sp l ay s  on. rate s 

to A i n  ABBB di spl ay s  were de s i gnated the cri t er i on whi l e  rate s 

to the remainder o f  the di sp l ay s wer e de si gn a t e d  the c o v ar i a t e . 

Be twe e n  and wi thi n- di spl ay analy s e s  wer e  performe d  o n  

four s e t s  o f  dat a : 

1 .  Pre - Te s t 1 Data- -Me an rate s for e a ch b i r d  i n  e a ch 

gr oup for the l a s t  fiv e  traini ng s e s s i o n s  prior 

to Te s t  1 .  

2 .  Te s t  1 Dat a- -Rat e s  for e a ch bird i n  each gr oup 

for Te s t  1 .  

1 A l l  raw data f o r  the s e  analy s e s are pre s e n t e d  i n  App endi x A .  



3.  Pre - Te s t  2 Da t a - - Me an rat e s  for e ach b i r d  i n  

e a ch gro up for the f i v e  r e training se s s i o n s  p r i o r  

to Te s t  2 .  

4. Te s t  2 Da ta--Ra t e s for each b i rd i n  e ach group 

'for Te s t  2 .  

Thu s , a to tal o f  e i ght analy s e s o f  c ov arian c e  wer e  c ar ri ed out .  

Tabl e  VI pre s e nt s the sQ�mary table s for e ach o f  tho s e  analy s e s .  

An r value i s  al so li s ted i n  the summary t ab l e s .  Ther e  were 
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e i ght gr oup s r e c e i ving di f f er e n t  e xperimen t al treatmen t s  and 

tr e a tmen t e f fe c t s  wer e signi fi c an t  i n  every analy s i s . · Thi s  indi c a t e s 

si gni fi c an t  tr e a tm e n t  e f f e c t s  i n  re spon s e  r at e s to the p o s i tive 

di sp lay s ( be twe e n  analy s e s ) and to the di s t i n c t i v e  f e ature s 

( wi thin analy s e s ) . Di f fer en c e s  b e twe e n  tre atme n t  me an s  for e ach 

of the e i ght gr o up s were then t e s ted by u s e  o f  a m o di f i c a t i o n  o f  

the R me thod ( Ro dger , per s onal communi c a t i o n ) and i t s  comp ani o n  

F tab l e s .  I t  wa s de c i de d  to u s e  a Ty p e  I error - r a t e  a t  5 %  for 

al l s tati s ti c al de c i s i o n s  to be made . 

There ar e b a s i c a l ly 10 c ontr as t s  · ( hyp o the s e s ) · o f.  lntere st 
tha t wi l l  b e  evaluated acro s s tr e atm ent mean s ( u J ) and the s e  ar e 

pre s e n ted i n  Tab l e  VI I .  O f  the 28 po s si b l e  c omp ar i so n s  b e twe en 

group s and of the infini te number of mul tip l e  c o n tr a s t s  among 

the s e  gr oup s ,  ten were s e l e c t e d  whi ch wer e the mo s t  m e ani ngful 







wi th r e spe c t  to the e xp erimental de sign . Bri e fly , Hypo the s e s  

( H )  1 - 3  compar e the fe atur e -pr e s ent  tr eatmen t s  wi th thei r  

re sp e c tive p s eudo- trai ned c ontro l s  ( Se e De s i gn ) . Simi l arly , 
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H4 and H5 a s s e s s  the di fferen c e s  b etwe en f e a ture- ab sen t treatmen t s  

and the ir sin5le p s eudo - tr ained  group . Tne di ffer e n c e s b e tween 

p erforman c e  o f  Group s FP 3  and FP G  i s  comp ar e d  by  H6 whi l e  H7 

compar e s the f e atur e -po si tive and feature-ne gative trai ni ng 

condi tions  ( FPG and FPGN r e sp e c tiv e ly ) . Group s FAG and FA S 

are c ompared i n  H8 , whi l e  H9 and HlO examine the difference 

be twe e n  c omple�ent group s o f  f e a ture -pr e s e n t  and f e a ture - ab sent  

tre atme nt s .  

RefilJ.l t s  Be twe en Gro ups 3etwe e n - D.i spl a;L Analy s e �  

Th e  evaluati on o f  the hypo the se s o f  i ntere s t  for b e twe en 

data s e t s  are pr e s ented  in  Table s 0 1 - 04 (App endi x O ) . The 

de ci s i on s e t  whi ch was u sed in thi s evaluati on l s  di s cu s s e d  

in Appendix B .  

Pre - Te st 1 re sul t s  ( Table  0 1 ) demon s trate  that Gro up s FPG,  

.F'.P S, and FPGN are. no t e quival ent . i n  p e tw? en-_di sp l_ay r.e spond_ing . 

wi th bo th p s eudo Group s FPP l and FPP2 ( the value s o f  the func ti o n s  

H1 , H2 , and H 3  ar e each large e nou3h t o  b e  " s c ien ti fi c al ly 

signi fi c an t " ) . T'ne s e  finding s ar e uphe ld i n  Te s t  1 ( Tab le 02 ) ,  

Pre - Te s t  2 ( Tab l e  03 ) ,  and Te s t  2 ( Tabl e 04 ) . Wi th the excep tion 

of Pre - Te s t  1 ,  



. .  ,. 
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Group s FAG and FAS bo th di ffered from their  p seudo Group FAP 1 

in all b e tween -di splay data s e t s  ( H4 and HS were bo th large 

enough for " sci enti fi c signi fi c an c e " ) .  And , excep t  in  Pre - Te s t 1 ,  

Group FPGN d i f fered li ttle from FPG i ndi cating that feature

po si tive and feature-negative condi ti on s  produced li ttle 

di fferen c e  i n  b e twe en-di sp l ay di s criminat ions  { H7 too small for 

interpre ta tion ) . 

In all be tween-di splay data se t s ,  Group s FAG and FAS 

re sponded similarly { H8 too small ) a s  did  Group s FPG and F.9 3  

· ( H6 too sm all ) . Complemen t treatments  o f  feature -pre sent and 

feature - ab sent training ( FPG and i t s  compl ement FAG ;  FP3 and 

i t s  c omplement FAS )  produc ed similar b e tween-di spl ay re sponding 

( H9 and HlO to o small ) .  The single excep tion  to thi s was in 

Pre - Te s t  1 where FP S  and FA S differed signifi c an tly { Table  Cl ) .  

To s tate the se  re sul t s  ano ther way , sub j e c t s  were abl e  to 

di s criminate b e tween feature-pr e sent and feature-ab sent di sp lay s 

when the se di splay s were as signed to p o s i tive and negative tr-i al s .  

De signation o f  A or  B as  the di s ti n c tive feature produced  

complementary be twe en-di splay re sponding � · A s signment  o f  " sp e c i fi c "  

or "general " re sponse contingenc i e s  wi thin di splay s { e . g . , spe c i fi c= 

FP3 or FA3, general=FPG or FAG )  did no t signi fi c antly e f fe c t  

be tween-di spl ay di s criminati on , although " sp e c i fi c "  gro up s had 

demon s trated higher DR ' s  throughout training . When the di s tinc tiv e 
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In all wi thi n data se t s ,  Group FA S sho wed a hi gher r a t e  

o f  r e spo ndi ng t o  the featur e -ab s ent quadran t than FAG ( H8 large ) 

or FAP 1  ( H5 l arge ) . However , Group FPS sho w ed a n o t i c e ably 

hi gher rate o f  r e sp o nding to the feature-pre sent quadran t  

than FA S d i d  to the featur e - ab sent quadran t ( HlO l arge ) .  And , 

whil e  FP G and FAG di f fered i n  Pre - Te s t 2 and Te s t  2 da ta ( H9 ) , 

thi s hyp o the si s i s  no t re j e c tabl e  for the o ther c a s e s .  

To summar i ze the s e  re sul t s , sub j e c t s  were abl e  t o  di s crimin a t e  

b e twe e n  the pre s en c e  and ab s en c e of the fe a tur e wi thin-di splay s 

when such di sp l ay s were a s s igned to p o s i ti v e  and ne gati v e 

tri a l s .  In feature -pr e s en t  training , r e sp on s e s c onv erge d  on the 

B feature whe n  i t  app e ar e d  o n  po si t i v e  tri al s ,  whi le  feature -

ab sent trai ning produ c e d  a c o nv ergen c e  on the A feature o n  

p o s i t i v e  tri al s .  Ho wev er , i n  general , de signation o f  B a s  the 

di s ti n c t i v e  f e a ture r e sul t e d  in b e t ter wi thi n - di sp lay di s c ri m i n ati on 

than whe n  A wa s di s ti n c ti v e .  Group FPGN d i d  no t av o id the feature 

( B )  when i t  app e ar ed o n  negative tri al s but thre e sub j e c t s  

wi thin thi s gr oup showed con si s tent CR' s o f  l e s s  than 2 5  through

o ut trai ni ng and t e s ti ng .  

Rever s al Trai n i ng 

A s  an addi tional pro c e dure to a s s e s s  the reli abi l i ty o f  

the s e  tr eatment e ffe c t s , Group s FP S  and FPG were bo th gi v e n  FPGN 

trai n i ng for 60 addi tional s e s si o n s  fo llowed by a new Te s t  l ,  



re training for f i v e  s e s si on s ,  and a n e w  Te s t  2 .  Figure s  1 2  

and 13 pr e se n t  the mean r a ti o s for FPS and FPG r e sp e c tiv ely 

during FPGN trai n i ng .  Her e the r e  i s  a dramati c d e c r e a s e  i n  

bo th the DR and CR unt i l  m e an t ermi nal r at i o s si mi l ar to FPGN 

( Figur e 6 )  are r e a ched .  Re sp o n s e  rate s for the o r i g i nal FPGN 

group wer e then c omp ar e d  wi th the rate s for the s e  two gr oup s 

and e i ght analy s e s o f  covar i a n c e  carri e d  o u t  o n  b e tween- and 

wi thin - d i s pl ay data s e t s .  Tabl e  VI I I  p r e s e n t s  the . summary 

tab l e s  for the s e  an a ly s e s .  Non e  o f  the tr e a tm e n t  e ff e c t s  were 

si gni f i c an t  indi c a t i ng that b o th Gro up s FP G  and FP S we re 

suc c e s s fully rev er sed to FPGN l e v e l s  o f  p e rforman c e  thr ou5h 

the r e training s e s si o n s .  

5 2  

Po s i t i o n  Pr e fe r e n c e s  

An e xamin a t i o n  o f  r e sp o n s e  lo c at i o n  data for su c c e s s i v e  

and s i mul tan e o u s  pre s e n tati o n s r ev e a l e d  no  sp e c i fi c  pr e f er e n c e s  

dev e loping b e twe e n  gr oup s .  Ranki ng o f  the p o s i t i o n  pr e f er en c e s  

for al l s ub j e c t s  a cro s s  trai n i n g  and te s t ing c ondi ti o n s  r e v e a l e d  

· ' the fo l lo:wing numb er o f  b i rd s  preferri ng · e ach quadr ant ·: · Quadr ant 

IV : 10 sub j e c t s ,  Quadr an t  I I I : 8 sub j e c t s ,  Quadr an t  I I : 8 subj e c t s ,  

and Quadrant I :  6 sub j e c t s .
1 

Thi s pre f er e n c e  wa s c o n s i s t e n t  

1 A c cordi ng to the f o l l o wi ng mathemati cal no tation : Upper l e f t= 
Quadrant I ,  upp e r  ri ght= Q,uadr an t I I ,  lo wer l e f t= Quadr an t  I I I , 
and l o we r  r i gh t= Quadrant I V .  
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wi thi n  s ub j e c t s  durin5 all su c c e s s iv e  and simultan e o u s  pre senta

ti on s ,  r e gardl e s s  o f  the s i de o n  whi ch the food mag a z i ne wa s 

pre s e n t . Wi thi n si �ul tane ou s te s t s ,  15 sub j e c t s  pre f err e d  

the r i ght s c r e e n  and 17 sub j e c t s  p r e f e rred the le f t .  Sin c e  

sub j e c t s  tended t o  pre fer the lower ri ght p o r ti o n s  o f  the di spl ay s , 

i t  i s  o f  i nt er e s t  to no t e  that all sub j e c t s  wer e  gi v e n  grai n on 

the lower ri ght s i de and wat er o n  the l o wer left s i de o f  the ir 

home c as e s  • 



. . . ,.· 

CHAP TER IV 

DI S CUSSION 

The mo st  obvious  asp e c t s  of  the s e  finding s i s  that the 

deve lopment of s timulu s contro l be twe en and wi thin complex 

di splay s p arall e ls  such development  in  simple di spl ay s  as  re

por ted by  Jenki n s  and Sain sbury ( 196 9 ,  1970 ) . Followi ng a 

bri ef di s cus sion o f  the se  finding s , a de tai l ed compari son 

o f  the main re sul t s  of  the pre s en t  experiment wi th Jenki n s  

and Sainsbury ' s  theor e ti cal s chema and the con cep t  l i terature 

wi ll b e  made . 

Feature-Pre sent  Tr a i n i ng 
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The pre sent  r e sul ts  indi cate that when B 1 • • • n ( di sti n c tive 

featur e ) is lo c ated o n  the r e i nfor ced tri al , di fferential trai ning 

( Group FPG) c aus e s  r e sponding to converge on that feature in  

preferenc e to  A 1 • • • n feature s whi ch are common to  reinforced 

ani non-r einfor c e d  tri al s .  3uch training al s o  cau s e s  a r edu c ti o n  
I 

in the tendency to re spond on negativ e tri al s ,  _whi ch contain 

only A 1 • • • n ' and thi s re sul t s  in a b e tween-di splay di s criminati o n �  

The s e  re sult s  are s imi l ar to tho se ob tained b y  Jenkin s and 

Sain sbury wi th di s crete  A and B featur e s .  However , the se  author s 

have noted that the di s criminati on wi thin-di splay s alway s pre-

c ede s the formation o f  the b e twe en-di splay di s criminati o n .  I t  i s  
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c l e ar from Figure 4 that the s e  di s crimi nat i on s in  Group FPG 

did no t develop at appr e c i ably differ e n t  time s .  Jenki n s  and 

Sain sbury al s o  r epor t that af t er o nly 12 s e s sions  animal s 

tra i n e d  wi th B a s the di s tin c tiv e f e a ture on po si tive  tr i al s 

sho wed DR ' s and CR ' s b e twe e n  80 -90 . 1 By contr a s t ,  the animal s 

in Group FPG re ached a mean t erminal DR o f  58 . 5  and CR o f  

42 . 5 af ter 60 training s e s si on s . 

Whi l e  s u ch c o n tro l ov er r e spondi ng by B1 • • • n fal l s  f ar 

sho r t  o f  c o n tro l e xer c i s ed by the B f e a ture i n  Jenki n s  and 

Sain sbury ' s di sp l ay s , thi s co n tro l  wa s faci li tated by FP S 

tr ai n ing . Here ( Fi gur e  5 ) , when c onvergen c e  wa s demanded to 

B1 • • • n ' su ch tr e atment re sul ted  i n  a consi s ten tly b e tter 

( al tho ugh no t si gni fi can tly b e t t er ) be twe e n -di sp lay di s crimina

tion and a si gni fi c an tly b e t t e r  within-di splay discrimination 

than whe n such control emerged spontaneou sly a s  in  Group FPG. 

Jenkins  and Sain sbury did no t run a group c omp arab l e  to FP S ,  

bu t even the FP S  r e quiremen t o f  r e sponding to B 1 • • •  n did no t 

cau s e  comp le te c e s sati o n  o f  r e sp onding to .A 1 • • , n • Inde ed , i t  
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l s  doub t ful tha t  Jenkins and Sain sbury wou l d  hav e o b s erv ed any 

improvemen t  in an 1 1 FPS11 - typ e group si n c e the i r  f e a ture -po si tiv e 

birds wer e  already p e r f o rming at near p erfe c t  lev e l s  o f  di s c rimlna-

ti o n .  

1 Jenkin s and 3ai n sb ury ac tually pre sent  the ir data in  t e rm s o f  an 
index from 0 -1 . 0  repre sen ting , for e xamp l e  with be tween-di sp lay 
di s criminati ons , the r a t i o  o f  r e sp on s e s  o n  the po s i tive  di spl ay to 
to tal r e spo n se s . The s e  r a t i o s hav e b e e n  si mply mul tipli ed by 100 
for c o mpar i son wi th the pr e s e n t  da t a .  



.. · 

When the f e at ure B 1 • • • n i s  lo cated on the negative tri al 

( Group FPGN ) , re spo n s e s  for thr e e  o ut o f  fo ur sub j e c ts shi ft  

away from it  but continue to o c cur to  A1 • • • n on negati ve  

tria l s  re sulting i n  a slight wi thi n-di spl ay di scriminati on . 

In addi t i o n ,  there  i s  an over-all  reduc t i on i n  r e spon s e s  to 

di splay s containi ng B 1 • • • n and thi s re sult s  in  the formati on 

of  a be twe en-di sp l ay di s crimination . Comp ari son o f  Group 
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FPGN wi th the " f e a ture -negative case " u s ed by Jenkin s and 

Sai n sb ury reveal s an imp or tant differe nc e .  In the l at ter studi e s ,  

when B was lo cated i n  the negativ e  di splay , re spon se s shi f ted 

away from B but con tinued to be made to  the c ommon feature o n  

negativ e a s  wel l  a s  o n  po si ti v e  tri al s .  Con s e quen tly , a 

be tween-di splay di s crimination fai led t o  develop i n  their 

s tudi e s .  Although thi s parti c ular point  wi l l  be  di s c us s ed in  

de tai l  later , a few c omment s  s e em appropriate at  thi s time . 

In their ini ti al effort s  to  explain the fai lur e  o f  the 

be twe en-di splay di s criminati on  in the featur e-negativ e c a s e  

and i t s  suc c e s s  in  the feature-po si tive case  ( an e ffe c t  termed 

asymme try ) , Jenki n s  and Sain sbury reasoned tha t  " the fac t of  

asymme try tel l s  us  that the developmen t o f  the go/no-go 

di s criminati on i s  no t to b e  under s tood as  the dir e c t  c o n s e quen c e  

o f  c ompari ng entire  di sp l ay s " ( Jenki n s  and Sai nsbury , 1970 , p . 19 ) . 



The fac t that thi s a symmetry did no t o c cur in the pr e sent 

experimen t i s  i n triguing for sev eral r e a son s .  Fir s tly , i f  the 

bird were comparing entire di splay s and then adj u s ting hi s 

behavior appropriately ther e  would b e  no reason to exp e c t  an 

asymme try i n  the be tween-di splay di s crimination.  But sin c e  

we kn o w  that the common and di s tinc tive featur e s  were r e sponded 

to s el e c tively wi thi n-di splay s ,  the di splay s  may no t hav e  b e en 

perceived excl u s iv e ly in thi s way . Se condly , one could argue 

that s imul taneo u s  pre sentation s o f  di spl ay s  afford s a greater 

oppor tuni ty for the compari son  of the po s i ti ve and n egativ e  

stimuli than suc c e s sive  pr e sentation s .  Ac cordingly , i f  the 

bird were comp aring entire di oplay s we might predi c t  3re ater 

di ffi cul ty wi th suc ce s sive  than wi th simul taneou s pre sentation s .  

Indeed ,  Group s FPG and FPS sho w thi s "predi c ted" superi ori ty 

in be twe en-di spl ay di s crimination on s imul taneous  Te s t  2 when 

compar e d  wi th su c c e s sive condi tion s ( Table  I I ) .  Thi s improv e

ment in  be tween- di splay di s crimination on Te s t  2 i s  paralleled 

by a simi l ar improvement i n  wi thin-di spl ay di s crimination for 

the same group s .  Conver sely , Group FPGN sho ws an improv ement 

in wi thin-di splay di s crimination from suc ce s si v e  co ndi t i o n s  to 

Te s t  2 , but be twee n-di sp l ay di s crimination i s  ac tually po orer 

here than in suc c e s sive  co ndi tions . Thi s latter r e sul t may b e  

more a consequen c e  o f  the us e  o f  mat ched-pair s i n  the simul taneous 

: 
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te s t s  than a d i f f i cul ty i n  c o mp ar i ng si mul tane o u s  di splay s per �· 

For examp l e , Si e g e l  and Honig no te tha t " the s l i de s pre sented 

in such te s t s  may b e  confu si ng t o  the §, sin c e  so  m any el eme n t s  

in the two mat ched di sp lay s ar e iden ti c a l . In any ordinary 

di s crimination t a s k  one wou l d  exp e c t  po orer p erform an c e  wi th 

very s i m i l ar di splay s ,  and thi s i s  pre c i s e ly what we ob tained 

in the m a t ched-pai r s  te s t s . u Inde e d ,  when the i r  suc c e s s i v e l y 

tr ai n e d  an imal s wer e  te s te d  wi th simul tane ou s pre sentat i o n s o f  

un -mat che d di sp lay s ,  b e twe e n - d i splay di s crim i n a t i o n  jump ed fr om 

a pre- te s t  me an l e v e l  o f  66  to a te s t  me an o f  95J  However , 

the " c onfu s in g "  n a t ure o f  th e mat ched-p air s should hav e di srup t ed 

b e twe e n- di splay di s criminati o n  for Gro up s  FP G  and FP S in s t e ad 

o f  impr ov i ng such d i s criminati o n .  Th e  e s sen t i al di ffer en c e may 

l i e  i n  the fac t tha t the l a t t e r  Group s di s c r iminat ed c o n c omi t an tly 

b e twe e n  and wi thi n-mat ched-p air s whi l e  Gro up FP GN di d n o t .  

Fe atur e - Ab s e n t  Train i ng and Comp ar i so n s  

Whe n the A 1  • • • n fe atur e  i s  made di s t i n c ti v e  and p r e s e n t e d  

o n  .the r e i nfor c e d  .tr i al , .. FAG trai ning do es no t c au s e  . r.e spon s e s 

/ 

to c onv erse s i gni fi c an t ly on that fe atur e i n  p r e f e re n c e  to  B1 • • • n 

f e a ture s whi ch ar e n o w  common t o  r e i n f o r c e d  and nonr ei n f o r c e d  

tri al s .  Be tween-di sp lay di s crimina t i o n  do e s  develop f o r  Gro up s 

FA G and FA 0,  howe v e r , a s  re spo ndi ng de cre a s e s t o  the featur e 

ab sent di spl ay s .  Thi s i s  a c comp ani e d  by c onv ergen c e  only when 



re sponding i s  re infor c e d  spe c i fi c ally to A 1 
• • • n ( FAS ) . Such 

required r e sp onding re sul t s  in a signi fi can tly b e t t er wi thin- . 

di splay di s criminati on  for Group FA S than when such c onv ergen c e  

i s  allowed to dev elop spon taneously . 
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In general , f eatur e -pre s en t  and featur e - ab sent  trai ni ng 

condi ti o n s  produ c e d  simi lar leve l s  o f  b e twee n-di splay di s crimina

tion . Thi s re sul t agr e e s wi th Jenkins  and Sain sbury 1 s 

ob servations  that A and B featur e s c an b e  inter changed and a 

s trong b e twe en-di splay di s criminat ion wi ll  s ti ll app e ar .  They 
I 

not e , however , that the di s ti n c tive  feature i s  s t i l l  di s criminated  

wi thin-di sp l ay s  and thi s re su l t  do e s  no t seem  to  b e  dependent o n  

a di s t i n c tive  featur e  that i s  mora "pe ckab l e 11 than common featur e s �  

31n c e  di s criminati on wi thin-di splay s wa s mor e  diffi cul t when A 1 • • •  n 

( Group FA S )  rather than B t • • •  n 
( Group FPS ) was used a s  the 

di s tinc tiv e feature , i t  remai n s  po s sible  tha t human f eature s and 

land scape  featur e s  were  no t as  " inter change able " as  Jenl{in s  and 

Sainsbury 1 s c i r cl e s  and star s .  Inde e d ,  i n sp e c tion O f  Table I I I  

indi cat e s  that Gro up s FAG and FA3 show � de crement  i n  b e tween-
. . . .  · 

di spl ay di s crimi nati o n  from Pre- Te s t  2 to simultaneou s Te s t  2 

i t se l f . Thu s ,  feature-ab s en t  group s do no t manife s t  the superiori ty 

o f  p er f orman ce  i n  simultaneous  condi t i o n s  o b served for the comp l e -

ment feature -pre sent  group s .  



The di s crimi nati ons developed by bo th feature -pre sent  and 

featur e-ab sent training pro cedur e s r emain throughout extinc ti o n  

te s t s  wi th n e w  d i splay s . Whil e  p erforman c e  tends to improve 

steadi ly on  Te s t  1, and in  Pre - Te s t  2 r e traini ng , a de cremen t  
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i n  di scriminati o n  b e tween s imult aneously pre sented mat ched-pair s 

( Te s t  2 )  was ob s e rved for all bird s excep t tho s e  i n  Group s FPG 

and FPS whi ch improved slightly . 

Throughout training and t e s ting condi ti on s , Group s FPP 1 , 

FPP2 , and FAP1 di spl ayed a very slight but con si s tent pre f eren c e  

for the human fe atur e .  Non e thele s s ,  sin c e  the se  preference s  

were no t signi fi can tly di f fere n t  from chan c e  CR1 s o f  2 5 ,  any 

no ti on o f  the human feature b e ing ·more 1 1p e ckab l e 11 than o ther 

featur e s mus t  be v i ewed wi th c aut i o n .  Inde e d ,  bo th Group s 

FAP 1  and FPP2 showed a signifi can t  avo i danc e  o f  the di s ti n c tive 

feature i n  Te s t  2 .  

Compar i son wi th Jenki n s  and Sain sbury ' s Theory o f  Fe ature Sel e c ti o n  

The se  finding s c an b e  dire c tly c ompared wi th tho s e  suppor ting 

Jenki n s  and Sa.in sbury ' s theory of feature sele c tion . The first  

empiri cal ob servati o n s  to be  c omp ared are the featur e -p o si tive 

and f eatur e-negativ e  effe c t s .  Re c alling the previ ous  di s cus sion 

of the s e e ffe c t s ,  the pattern o f  key p e cks  converged on  the di s tin c tive  
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featur e  when i t  appe ared d. n  po si tiv e  di spl ay s  b u t  the feature 

was avo i de d  when it  appeared i n  negative di splay s .  Whil e  Jenki n s  

and Sai n sbury r eport  the se  exa c t  same patt erns ,  the i r  feature-

po si tiv e  effe c t  was marked by  a fac i li tation o f  di s crimi nation 

betwe en-di splay s when the feature  appeared o n  po si ti v e  tri al s .  

'.I.he pre sent experimental treatment o f  FPG r e sul ted i n  clear 

evidenc e  o f  feature converge nc e .  FPGN traini ng di d no t re sul t 

in c l e ar evi dence  o f  featur e  avo idan c e .  I n  addi ti on , di s cr imina-

ti on be tween-di splay s was no t facili tat e d  for the feature-po si tive 

group s ( H7 too small , b e twe en-data s e t s ) . Indeed , there was 

a surpri singly s trong tendency for the feature -negative group 

( FPGN ) to  perform s i gni fi c an tly b e t t er i n  Pre- Te st 1 b e tween-di splay 

di s criminati on than the featur e -po si tive group ( FPG) . 

Since  the p o si tion s o f  the common and di s ti n c tive  feature s 

change from tri al to  trial the an imal mus t  di s criminate b e tween 

them i n  order to re spond selec tive ly . The re sul t s  o f  thi s 

wi thin-di splay di s crimination  are i n  general agre ement wi th what  

Jenkin s  and Sain sbury refer  to a s  the " simul taneous " di s criminati o n  
· . , 

be twe e n  di stin c tive  and common featur e s .  '.I.ho s e  author s no te  

that " convergen c e  on  the di s ti nc tive feature wi thin the p o si tive 

di splay driv e s  the probab i l i ty o f  re inforc ement for a re sponse  

to c ommo n  featur e s  toward zero  and thu s allows the suc c e s sive 

( be tween-di splay ) di s c riminatio n  to  form " ( Jenki n s  and Sai n sbury , 

1970 , p . 68 ) . Cont inuing wi th thi s r e asoning , J enkin s and uain sbury 

, )  



,.· 

no te that an avo idan c e  o f  the di s tinc tive feature wi thin the 

negative di splay leav e s  the probabili ty of reinfor c ement for 

a re spon se  to c ommon featur e s  a t  . 5 . In their exp erimen t s  the 

re spon s e  continued to o c cur to bo th member s o f  the pair o f  

di splay s  and the be tween-di splay di s criminati on did no t develop . 

in  their feature-negative group . By contr as t ,  the bird s  i n  

Group FPGN d i d  develop thi s di s criminati on . In o ther words ,  

the birds were re quired to l e arn that the same common feature 

can predi c t  r einforcement when no t ac c ompanied by the di stinc tive 

feature and can predi c t  nonr e infor cement  when the di s ti n c ti v e  

feature i s  on the same di spl ay .  The r e spon s e  to the c oumon 

feature i s  sai d  to be made c ondi tional upon the pre sen c e  or 

ab sen c e  of the di stinc tive feature . The achi eveme nt o f  thi s 

di s criminat i on i n  the pre s en t  s tudy i s  no t near ly so r emarkable 

as  i t s fai lure in the Jenld n s  and Sain sbury experiment s . As 

tho s e  author s p o i n t  out , the spati al -sep aration of the common 

and di s tinc tive featur e s  was only about 3 . 18 cm .  Generally , 

di s crimi nation l e arning i s  impaired when there i s  a separat i o n  
. . 

be tween cue and re sponse ( c f .  Stollni t z ,  1965 ) . I ndee d ,  

When there i s  a separat i on w e  may con s i der that 
the r e spon se  i s  made dir e c tly to commo n f eatur e s  
a s so c iated  wi th the si te o f  the r e sp on se . In 
order to  learn the di s criminat ion , the r e sponse  
to the s e  common f e a tur e s  mu s t  b e  made condi t ional 
upon the spati ally r emo t e  di s tinctive featur e s .  
Th e  e ffe c t  o f  s epar ati ng the cue from the lo cus  
o f  the r e sponse  ha s general ly been a s cribed  to a 
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the �-feature , Bro wn and Jenkins  ( 1968 ) ob taiqed 
a suc c e s sive go/no-50 di s criminati o n  in  whi ch B 
was shown to i nhi bi t  the r e spo n s e  to a. 

Jenkin s ,  196 9 ,  p . 29 

Compari son wi th Con c en t Studi e s  

In the concept  li teratur e , e xperimenter s have attemp ted to 

correlate  the amo un t  Of information transmitted  by p o si tive  

instan c e s wi th the concomi t an t  learning ( Hovland , 1.952:; Hovland 

and Wei s s ,  1953 ; Hun t ,  196 2 ;  Haygood and Dev i ne , 1967 ;  Haygood 

and Stevenson , 1 96 7 ) . Tne corr e c t  concept has usually b een 

attained by a higher percen tage of sub j e c t s  when tran smi tted by 

all-p o s i tive ins tan c e s  than by al l�negativ e i n s t an ce s . 1 Thi s 
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di fferen c e  has b een  at tributed to the di ffi cul ty o f  a s simi lating 

informati o n  concerning what the c o n c ep t 1 1 i s  no t " a s  comp ared 

wi th a s s imilating information conc erning what  i t  " i s" ( Hovland 

and We i s s ,  1953 ) . Apparently the di s crimi native cue s pre sent 

in the po si tiv e in s t an c e s  are more e ff e c tive i n  the c ommuni cati on 

o f  informati on .  

In  di s criminations  such a s  Jenki n s  and Sain sbury ' s and the 

pre sent one , 1 1 the a s si gnment o f  the di s ti n c tive  feature to p o s i tive  

- or negative tri al s  has no e f f e c t  on i nformati o n  avai lable to · the 

animal about whe n  r einforcement  wi ll follow" ( Jenkin s and Sai nsbury , 

1970 , p . 19 ) . Howev er ,  whe n  the di s tinc tiv e featur e  appe ar s  on 

1 In the se  e xperimen t s , human sub j e c t s  wer e  fir s t  i n s truc ted as  to 
how many di ffer e n t  s timul u s  di men sion s were relevan t  and the numb er o f 
po s sib l e  value s for e a ch dimen si on.  Thu s ,  i n  all-negative i n s tanc e s 
sub j e c t s  would hav e  to attai n  the corr e c t  concep t ,  � . , o f  black s quar e 
by examini ng i n s t anc e s  o f  red  s quare , blac l{ c i r c l e , and r e d  c i r c l e . 
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po si tive tri al s ,  a re sponse  emi t te d  in the pre sence  o f  the 

feature could b e  considered e quivalent to the v erbal s tatement 

" i s '' . In o ther words , the animal s mu s t  le arn what the di s ti n c tive 

featur e  11 1 s 1 1  ( 1 . e . ,  when cir c l e  " i s" pre sent  or  when con c ep t  

human 1 1 i s 1 1 pre sent  r einfor c ement i s  available ) . Conver sely , 

assignment o f  the di s ti n c tiv e feature to the negative tri al s i s  

equivalent to  the s tatemen t 1 1 1 s  not " ( i . e . , the animal mus t  

learn that when c i r c l e  o r  human " i s  no t " pre sent , o r  i s  ab s en t ,  

re infor cement i s  avai lab l e ) . 

The cri ti c al dat a  o f  the pre s ent experiment whi ch demon s trate  

c o n c ep t ·  l e ar ning are the extin c ti o n  t e s t r e spon s e s  to  " new" 

di sp lay s .  The r e sul t s  from Te s t  ]: and Te s t  2 showed very clearly 

that animals were able  to di s crimi nate the pre senc e  
·( 1 1 1 s 1 1 ) and 

ab sen c e  ( " i s  no t " ) o f  A 1  • • • n and B 1 ._ • • n feature s in  c omp l ex 

di spl ay s .  Animal s i n  Group FPGJ.� learned ( Pre - Te s t  1 ) what the 

con c e p t  1 1 i s  no t " b e t ter than tho se  required to learn what  i t  1 1 i s 1 1 

( Group FPG) . Sup er fi c i ally , thi s re sul t appear s  to stan d  in 

sharp contrast  to tradi tional predi c ti o n s  derived from the c on c ep t  
. . : 

li terature ( c f .  Hov l and and We i s s ,  1 9 53 ) . However , the simi lari ty 

of Gro up s  FPG and FP GN in all o ther between- di splay data s e t s  

doe s  no t o ffer d e c i sive  evi de n c e  on  thi s p o i n t . But , at the very 

leas t ,  birds did no t form thi s par ti cular 11 1 s 1 1 concept b e t ter 

than 11 i s  no t " c o n c ep t s  as would be generally exp e c te d .  
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I t  i s  c l e ar from Table s II and I I I  that for all f e ature

pre sent  and featur e - ab sent  c a s e s  in  whi ch a b e tween-di sp lay DR 

above 50 wa s r e c orded , there  wa s a concomi tant  CR o f  25 or abov e .  

Furthermore , whe n  thi s b e tween-di splay di s criminati o n  was 

signifi c antly di fferent from that ob tained wi th p s eudo - trained 

group s ,  there was alway s a si gni fi cant wi thi n-di splay di s crimina

tion � However , many di ffi cul t and puz zling qu e s ti on s  ari s e  

when we c o n s ider the sp e c i al c a s e  o f  the feature-negative group 

( FPGN ) . Whi le we hav e cho s e n  to point  out that three ou.t o f  

f o ur  b ird s i n  Gro up FP GN  di sp lay ed slight avo i dan c e s o f  the B 1 
• • • n 

feature thr o u3ho u t  trai ning and t e s ting , thi s wi thi n-di sp l ay 

di s crimination was no t signi fi c antly di f ferent for the group a s  

a whole when contra sted  wi th p seudo leve l s .  Sin c e  the suc ce s sive  

di s crimi n ati on developed never the le s s ,  one i s  l ed t o  spe culate 

that i t  i s  nei ther ne c e s s ary nor sttffi c i en t  f o r  a wi thin-di spl ay 

di s crimination t o  pre cede o r  a c c ompany a b e tween-di sp lay di s crimina

ti on in the fe ature-negative c a s e .  Th e  e s s ential diffi cul ty may 

be  that 1 1 i s 11 and 1 1 i s  no t " con c ep t s  r e quir e  quali tativ e ly 

di fferent typ e s  o f  b ehavior . 

Ano ther way o f  concep tuali zing the v erbal s tateme n t s  1 1 i s 11 

and " i s  not " i nv o lv e s  the di s criminati ons  o f  mat chi ng and o ddi ty .  

When an animal m at che s s t imuli he cho o s e s  a re sponse  that in e s sence  



. .  ,·· 

say s  wha t  the s t imulus ( or  di s ti n c tive  feature ) 1 1 1 s 11 • On the 

o ther hand , o ddi ty or 1 1 non-mat chl ng 11 i nvo lv e s choo sing what 
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the s timulus " l s  no t " . Cumming and Berryman ( 196 5 )  had ob serve d  

that simul taneous matching and oddi ty are di fferential ly aff e c ted  

by p entobarbi tal.  Oddi ty performanc e  was far l e s s  sen si tive 

to 5mg/k5-12 . 5mg/kg of pentobarbl tal than mat ching pe rforman c e  

whi ch was well below the normal range o f  ac curacy a t  lOmg/kg . 

The s e  r e sul t s  wer e  later r epli c a ted by Nevin and Li ebo ld ( 1966 ) . 

In an i nformal experiment whi ch l s  no t r epo r t e d  here b e c au s e  o f  

several pro c edural error s ,  Group s F?GN and FP G  were r e trained 

for fiv e  s e s s i o n s  and given a " new" Te s t  l wi th lOmg/kg o f  p ento 

barbi tal . Three birds i n  Group FPG showed a signi fi c ant  

reduc tion  i n  b o th CR ' s and DR' s .  Performan c e  o f  Group FP GN 

was no t signi fi c antly di fferent from i t s Pre - Te s t  l or  Te s t  1 

performanc e .  Thi s 1 1 1nforma.1 11 o b s ervation would s e em t o  lend 

support  to Cumming and Berryman ' s sugge s ti on that mat chi ng and 

oddi ty p er forman c e  r e quir e  quali tative ly di fferent typ e s  o f  

behavlor . Thus ,  1 1 1 s 1 1 and " l s  no t" concep t s  may re fle c t  simi l ar 

di fferen c e s . 
. .  ·· . . . . . .  

Some insight i nto the natur e  o f  the s e  di f f erenc e s  may b e  

achi e v e d  i f  we c on si der f e a tur e -pr e s en t and feature-absent 

traini ng c ondi ti on s a s  r epre sen ting 1 1 1 s 1 1 and 11 1 s no t 11 con c ep t s. 







REFERENCES 

Bi tterman , M . E . , Tyler , D . W . , and El am ,  C . B .  Simul taneous 

and suc c e s sive di s crimi nation under ident i cal s timulating 

c o ndi tion s .  .Am er i c an Journ a l  o f  P s y c ho l ogy ,  1955 , 2.§., 237- 248 . 

Bi tterman , M . E . , and Wodi n sky , J .  Simultaneous and suc c e s si v e  

di scriminati on.  P sycho l ogi cal Rev i e w ,  1953 , QQ., 371-376 . 

Born , D . G . , and Pe ter so n , J . L . 3timulu s control  a c quir e d  by 

c omponent s o f  two co lor- form compound s timul i . Jour n al o f  

the Exper i m en t a l  Analy s i s o f  Behav i o r , 196 9 , Jg, 437-442 . 

Bourne , L . E. Human c o n c ep t ua l b ehav i o r . Bo s ton : Al lyn and 

Bacon , 1966 . 

Brown , H.  Behav i or i al s tudi e s  o f  animal vi sion and drug a c ti o n .  

Pap er pre sented a t  a Me e ting o f  the Ameri can Ordnan c e  

A s so c i ati on , CBN Divi si o n ,  Edgewo od Arsenal , Maryland , 1966 . 

Brown , P . L . , and Jenkins , H . M .  Aut o - shap i ng o f  the pi geon ' s 

key -p e c k  • .. · Jour n al o f  the Exp er i m en t al A n a ly s i s · o f  Behavior , 

196 8 , ll, 1-8 .  

Catani a ,  A . C . On the vi sual a cui ty o f  the pig e o n . Jour n a l  o f  

the Exper i m e n t a l  A n aly s i s  o f  Behav i o r ,  196 4 ,  1, 36 1 - 368 .  





Gri c e , G . R .  Vi sual di s crimi nati on l e arning wi th simul taneous  

and suc ce s siv e pre s entati on  o f  s timuli . Journal o f Comu arati v e  

and Physio logi c al P sycho l op;v ,  19 49 ,  42 ;· 36 5 - 373.  

Haygood ,  R . C . , and Devine , J . V .  Effe c t s  of  compo si tion of  the 

po s i tiv e  category on concept  learning . Journal o f  Expe rimental 

Psy cho l ogy , 1 96 7 ,  1!£, 2 30 - 235 . 

Haygoo d ,  R . C . , and Steven son , M. Effe c t s  o f  propor ti on o f  

p o s i tiv e ins tanc e s  upon c on c ep t  learni ng .  P sycho logi cal 

Repor t s ,  1967 , gQ,, 179- 1 8 2 .  

Herrns t e l n ,  R . J . , and Love l and , D . H .  Complex vi sual con c ep t  
.,. 

in the pige on . Sc i en c e , 196 4,  146 , 549- 551 . 

Hovland , C . I .  A " communi cation  analy s i s " o f  con cep t  l e arni ng .  

P sy cholo � i cal Review ,  1952 , 22,, 461 - 47 2 .  

Hovl and , C . I . ,  and Hunt , E . B .  Computer simulation o f  c on c ep t  

attainment . Behavi oral :3ci en c e , 1960 ,
· .5_, 26 5-26 7 .  

Hov l and , C . I . ,  and Wei s s ,  W .  Tran smi s si on o f  in
.
formati on 

concerni ng c o n c ep t s  throu3h po s i ti v e  and negative i n s tanc e s .  

Journal o f  Experim e n t al P sy chology ,  1 9 5 3 ,  !±5., 16 5-18 2 .  

Hunt , E . B .  Con c ept l e arni ng : an i n form ation  pr o c e s sing oroblem .  

Ne w York : Wi ley , 196 2 .  



Jenk i n s , H . M .  Di s crim i na t i o n  l e arni ng wi th the di s ti n c t i v e  

feature o n  p o s i t i v e an d n esative tr i al s .  Paper p re s e n t e d  at 

the Sympo si um i n  Di s c r i m i n a ti o n  Le ar n i n3, Su s s e x  Un i v er si ty ,  

Apr i l  1967 . 

J e nki n s ,  H . M .  Se l e c t i v i ty i n  di s crimination l e arn i n g .  Pap er 

pre sented at the m e e t i n g  o f  the Am er i c an P sy cho l o gi c al A s so c i a

t i o n , Wa shi ng t on ,  D . C . ,  Sep tember 1969 .  

Jenkin s ,  H . M . , and Sai n sb ury , R . S .  The dev elopment o f  s timulus 

c o n tr o l  thro ugh di fferential re infor c em en t .  I n  N . J .  Ma c ki n to sh ,  

and W. K .  Honi g ( Ed . ) ,  Fun dam e n t a l  i s su e s i n  a s so c i a t i v e  

l e arn ingp Hali fax : Dalhou si e Univer s i ty Pr e s s ,  1969� 123-16 1 .  

Jenki n s ,  H . M . , and Sai n sbury , R . S .  Di s c rimi na ti o n  l e arning wi th 

the di s t i n c t i v e  feature on p o si t i v e  or negative tri al s .  I n  

D.  Mo s t o f slcy ( Ed. ) ,  A t t e n t i o n : c o n t em u o r ary s tudi e s  and 

an aly s i s .  Ne w Yor k : App l e t o n - Cen tury - Cr o f t s ,  1970 , typ e s cr ip t .  

J ohn s o n ,  D . F . , and Cumming , W . W. 3ome determi ner s o f  at tention . 

Journal o f  th e Exu eri me n t a l  Analy s i s o f  Behav i o r , 196 8 ,  l.l, 
157-166 .  

Ko ffka , K. Pr i n c i pl e s o f  3e s t al t  p sy cho logy . New Yor k : Har c o ur t 

Br a c e , 1935 . 

Lubow,  R . E . , Si e b er t ,  L . , and Car r - Har r i s , E. Di cho tomo u s  s o r t i ng 

o f  complex v i sual p at t e r n s by the p i g e o n : a m e tho d f o r  

i de n t i fyi ng i nv ar i an t  s t imulu s pr op e r ti e s  fo r u se i n  the de sign 

of a pat tern r e c o gni t i o n  ma chine . P ap e r pre sented at  the 

· . . . . .  . 



Bi o n i c s  .;ymp o s i um ,  Wri ght - P a t t er son A i r  For c e  B a s e , Ohi o , 

May 3-5 ,  1 966 . 

Ma c Ca s l i n , E , F .  Su c c e s s i v e  and s i mul t an e o u s  d i s cr im i n a t i o n  

a s  a fun c t i o n  o f  s timulu s - s i m i l ar i ty .  Am eri c an J o urnal o f  

P sy cho l o�y ,  1 9 54 , §.I, 308- 314 . 

Ma c ki n t o sh ,  N . J .  Ep i l o gu e : i s sue s and p r o b l em s i n  a s so c i a t i v e  

l e ar n i n g . In N . J .  Ma c k i n to sh and W . K .  Ho n i g  ( Ed. ) ,  

Fundam e n t a l  i s s ue s i n  a s s o c i a t i v e  l e ar n i ng .  Hali fax : 

Dalho u s i e  Uni v er s i ty Pr e s s ,  1 969 ,  190 - 20 3 .  

N ev i n ,  J . A . ,  an d  Li e b o l d , K. 0t1mulu s c o n t r o l  o f  ma t ching an d  

o d di ty i n a p i g e o n . P sy cho n o m i c S c i �, 1966 , �' 351- 35 2 .  

No t t ebohm , F .  On t o 5 e ny o f  bi r d  s o n g . S c i e n c e , 1970 , 167,  

9 50 - 9 56 . 

N o t t erman , J . I-1 . , and Hi n t z ,  D . E . Dyn am i c s  o f  r e spon �. New 

Yor k : Wi l e y , 1 96 5 .  

Rey no l d s ,  G . s .  At t e n t.i o n  i n  the p i g e o n  • . �nal o f  the 

Expe ri m e n t a l  A n a ly s i s o f  Behav i o r , 196 1 ,  !!;, 20 3- 208 . 
-

Ri l ey , D . A . Di s cr i m i n a ti o n  l e ar n i ng. Bo s to n ; Allyn and Bac on , 

1 968 . 



Rodger , R . s .  Typ e I error s and the ir de ci sion  b a s i s .  The 

Bri ti sh Journ a l  o f  M a them a t i c al and 3 t a t i s t i c a l  P sycho l ogy ,  

196 7 a ,  gQ, 51-6 2 .  

Rodger , R . 3 .  Typ e I I  error s and the ir de c i s i o n  basi s .  � 

Bri t i sh Journ al o f  Mathemat i c al and S t a t i s ti c al P sy cho l o5y , 

1967b , gQ_, 187-20 4.  

Sain sbury , R . s .  Di s crimination learning wi th the d
.
i s tin c tive 

feature on  po s i ti v e  or negative tri al s .  Unpubl i shed do c toral 

di s sertati o n ,  Mclwla s ter Univer si ty , 196 9 .  

Sai n sbury , R . s . , and Jenkin s ,  H . M .  Featur e -po si tive e f f e c t  i n  

di s criminati on learning . Pro c e edi ngs of  the 75th A n nual 

Conv e nt i o n ,  Ameri c an P sy cho l o gi c al A s so c i ation , 196 7 ,  17-18 . 

Si ege l , R . K .  At ten t i o nal fac t or s  in  p i geon c on c ep t  formati on . 

Paper pre sented at - a me e ti ng o f  the Ea s tern P sy cho logi cal  

A s s o ciati on ,  Washi ng ton , D . c . , Apri l 1968 . 

Si ege l ,  R •. K .  Eff e c t s  o f  cannabi s sati v a  arid ly s er3i c a c i d  

d i e thy l amide on a vi sual di s cr imina ti on task in  pigeons . 

P sy chopharm a c o lofi a ( Berl . ) , l.2.£2., 1 5 ,  1-8 . 

Si ege l , R . K.  Appar e n t  movemen t  de te c ti o n  i n  the pigeon . 

Journ al o f  th0 Exper ime n t a l  A n a ly s i s  o f  Behav i o r , i n  pre s s .  



. : ,· · 

61. egel , R . K . , and Honi g , w . 1c .  Pi ge o n  con c ep t  formati on : suc c e s siv e  

and simultaneous  a c qui si ti o n .  Journal o f  the Experimen tal 

Analysi s o f  Behavior , 1970 , in  pre s s .  

Skinner ,  B . F .  Pigeons i n  a peli can .  Ameri can Psy cho logi s t , 

1960 , l.5,, 28 - 37 . 

Stol lni t z ,  F . Spati al var i ab le s ,  ob serving re spon se s ,  and 

di s crimination learni ng s e t s .  Psycholo�i cal Re v i e w ,  196 5 ,  

zg, 2 47- 26 1 . 

Terrac e , H . S . Stimulu s contro l , In W. K. Honig ( Ed. ) ,  Ou erant 

b ehav i or : ar eas  of re s e ar ch and appli cation . Ne w York : 

App l e ton- Cen tury- Cro f t s ,  1966 , 271- 344. 

Thorpe ,  W . H .  Bird song : the b i o logy o f  vo cal communi cation  

and e xure s s i on i n  birds . Cambri dge : Cambri dge Univ er si ty 

Pre s s ,  1961 . 

Thorp e , W. H .  Le arning and ins ti n c t  in  animal s .  2nd Edi tion.  

Londo n ,  Me thuen , 1963 • 

Thorp e , W . H .  Etho logy and con s c i ou sne s s .  In J . C .  Ec c l e s ( Ed. ) ,  

Brain and c on s ci o u s  experi e n c e .  Ne w York : 3pringer -Verla.s ,  

1966 , 470 - 50 5 . 

Tinbergen,  N .  So c i al b ehav i or i n  animal El, .  Lo ndon : 11fo thuen , 1 9 53 .  



Verhav e , T .  The p i 3 e o n  a s  a quali ty - c on trol  i n sp e c tor . I n  

R. Ulr i ch , T . St a chni k , a n d  J .  Mabry ( Ed . ) ,  C o n tr o l  o f  human 

b ehav i o r ,  Gl e nv i e w ,  I l l n : Sco tt , Fore sman ,  196 6 , 242- 246 . 

' Wi l li am s , D . I .  Di s c r i mi n a t i o n  l e arnin5 i n  the p i g e o n  i n  

r e l a t i o n  to c o mp ound c ue s .  Pap e r  pr e s e n t e d  at the Sympo s i um 

i n  Di s c r i m i n a t i o n  Le ar n i n g ,  Su s s e x  Univ er s i ty ,  April  1 9 6 7 .  

Wo di n s ky , J . , Var l ey , M . A .  , and Bi t t erman , M . E .  31 tua t 1 o nal 

d e t ermi nan t s  of the r e l a t i v e  di f f i c u l ty o f  simul tane o u s  and 

su c c e s s iv e  di s c riminati o n .  Journ a l  o f  Comn ar a t i v e  and 

Phy si o l ogi c a l  P sy cho l ogy , 1 9 54, !±1., 337-340 . 



. � · 

A l 

APPENDIX A .  Raw da ta for analy s e s  o f  c o v ar i an c e  o f  r e spon s e  r a t e s .  

I 



Pre- Te s t  1 - Be tween : Re sponse rate s for individual b:1:rds in each group . 

FPG FPS FPGN FPP 1 FPP2 FA G 
x y x y " X  y x y x y x y 

38 . 4  70 . 9  3 3 . 4  . 6 2 . 7 16 . o  41 . 0  29 . 7  29 . 7  7 2 . 7  76 . o  57 . 3 64.  7 

6 5 . 0  76 . 3  1 5 . 3 41 . 6  52 . 6  9 9 . 4 47 . 1  45 . 2 7 2 . 3 6 7 . 2 41 . 2  49 . 5  

34. 0 48 . 3  2 1 . 7  6 6 . 6  5 7 . 4 8 4 . 3  48 . 2  51 . 8  5 5 . 0 56 . 0  86 . 9 8 2 . 7 

71 . 4  90 . 7  26 . 3  5 2 . 2 6 1 . 2 110 . 5  5 3 . 8 49 . 3  2 2 . 3 2 1 . 8 39 . 6  54. 7 

Pre- Te s t  1 Wi thin : Re sponse  rat e s  for individual bird s in each group . 

34 . 8  36 . 0  11 . 9 50 . 8 1 5 . 7 3 . 5 2 1 . 2 8 . 4 5 5 . 6  20 . 4  43 . 6  21 . 1 
' 

5 1 . 5 2 5 . 0 9 . 9 31 . 8 40 . 8  1 1 . 8 3 1 . 1 1 4 . 2 5 3 . 0 14. 2 35 . 3 1 4 . 2  

2 7 . 8  20 . 5  5 . 2 6 1 . 4 47 . 3 10 . 1  40 . 2  1 1 . 6 40 . 1  1 5 . 9 47 . 3  35 . 4 

50 . 7  40 . o  6 . 5  45 . 7  37 . 7 2 3 . 5  36 . 2 13. l 1 5 . 6 6 . 2  39 . 4  1 5 . 3 

FAS 
x y 

7 2 . 8 79 . 1  

7 3 . 8 77 . 8  

1 36 . 2 145 . 0 

10 5 . 6 1 31 . 0 

43 . 6  35 . 7  

44. 8 33 . 0  

76 . 4 6 8 . 6 

6 5 . 1 6 5 . 9 

FAP 1 
x y 

42 . 4 38 . 9 
26 . 5  25 . 4 

43 . 3 40 . 1 

6 5 . 0  60 . 5  

29 . 4  9 . 5 

17 . 0  8 . 5 
33. 0 7 . 1 

46 . 2  14. 4 

> 
I\) 





Pre - Te s t  2 Be tween : Re sponse rat e s  for individual birds in e a.eh group . 

FPG FP S  FPGN FPP l FPP2 FAG FAS 
x y x y x y x y x y x . .  y x y 

31 . 8  68 . 8 5 4. 3 51 . 0 23 . 1 58 . 2 30 . 7  30 . 5  76 . 3  79 . 8  43 . 0  6 4 . 4 48 . 7 72 . 3 

6 4 . l 8 2 . 0  20 . 8  36 . 7 58 . 0  8 4 . 8 48 . 2 46 . l  76 . 7 76 . 2 35 . 0  6 4 . 7 6 2 . 8 71 . 8  

26 . 5 44. 2  2 2 . 3 54 . 9 58 . 1 83 . 2  49 . 3  50 . 1 51 . 3 48 . 2  37 . 5  79 . 4 8 2 . 0 127 . 8  

6 6 . 5  8 5 . 1 20 . 7 56 . 6 5 3 . 0 9 5 . 0  51 . 3 50 . 2 23 . 0 21 . 2  32 . 4 5 1 . 0  9 2 . 5 1 25 . 5 

Pre - Te s t  2 Wi thi n : Re sp onse rate s for individual bird s i n  e a ch group . 

31 . 1 37 . 8  1 . 0  53 . 2  17 . 5 5 . 6  20 . 1 8 . 5  58 . 9 20 . 9  44. 2 20 . 2  41 . 6  20 . 2  

51 . 4  30 . 5  6 . 1 30 . 6 43 . 6 1 4 . 4 32 . 1  13 . 7 54. 8 21 . 4 44. 6 20 . 1 38 . 0 33. 8 

2 2 . 7 21 . 5 5 . 5  49 . 3  41 . 5 16 . 6  41 . 0  12 . 0 34. 7 1 3 . 5 48 . 8  30 . 5  79 . 5  48 . 3  

46 . 4  38 . 7 11 . 9 44 . 7 31 . 2 21 . 8 35 . 9 1 3 . 4 1 4 . 8 6 . 4 38 . 0  1 3 . 0  6 7 . 8  57 . 8 

FAP 1 
x 

34. 4 

25 . 0  

39 . 1 

75 . 7 

50 . 2  

23 . 3 

29 . 7  

59 . 1  

y 

40 . 2  

31 . 2 

37 . 4  

75 o 0 

10 . 0  

7 . 9 . 

7 . 7 

15 . 8  

� .i:-



Te s t  2 Be tween : Re spon s e  rate s for individual birds in- each group . 

F?G F?S F?GN F?P 1 FPP2 FAG FA S 
x y x y x y x y x y x y x y 

19 . 5  56 . 8  16 . 5  56 . 6  16 . 6  35 . 5 16 . 1  13 . 3 3 2 . 9 27 . 1  6 3 . 3 32. 4 35 . 8  34. 3 

46 . 2 68 . 1  10 . 2  33. 2 5 3 . 1 46 . 2  34 . 5  27 . 6  33 . 2 27. 8 32 . 2 40 . 5 57 . 6  49 . 1  

7 . 3 30 . 3 3 . 0  37 . 7 47 . 0  45 . 4  27 . 4  2 2 . 2 26 . 5  28 . 9  39 . 3  42 . 3 110 . 4  6 5 . 3 

51 . 2  27 . 4 10 . 3  42 . 4  46 . 3 6 3 . 8 7 . 7  29 . 6  9 . 2 8 . o  2 3 . 9 30 . 3  6 7 . 2 76 . 6  

Te st  2 Wi thin : Re sponse r at e s  for i ndivi dual bi rd s i n  each group . 
' 

1 . 2  45 . 3  3 . 6 53 . 0  1 3 . 2 3 . 4  9 . 0  4. 3 2 3 . 4 3 . 7 19 . 5 1 2 . 9 21 . 3 13 . 0  

4. 4 24. 5 5 . 7  27 . 5 45 . 7  7 . 4 18 . 7  8 . 9  1 9 . 8  8 . o  25 . 1 1 5 . 4 30 . 7 18. 4 

1 2 . 0  18 . 3  2 . 0  35 . 7 37 . 9  9 . 1  18 . 9 3 . 3 2 2 . 3 6 . 6  31 . 0  11 . 3 34. 8 30 . 5  

' 14 . 3 1 3. l 3 . 2 39 . 2  3 4. 9 1 1 . 4 1 9 . l  10 . 5  6 . o  2 . 0  20 . 4  9 . 9 43 . 4  33. 2 

FAP 1 
x 

17 . 8  

13 . 9 
23. 1 

34. o 

11. 5 

7 . 9 

10 . 9  
24. 3 

y 

13. 8 

9 . 9 
1 3 . 0  
28 . 4 

2 . 3 

2 . 0  

2 . 1 

4. 1 

:s> 
V1 





B2 

Rodger tells  us  that the numbe r  

re j e c table in  any s e t  o f  data = 

o f  mutually or thogonal c on tra s t s 

Then , in  the se  data,  

fF /F J - r [ m (E«] ; v 1 v 
-

r 
= E.1Fr. 95] ; 7 ,  2� 

r = � · 93/1 . 286] 
r = 3 

The s quare bra c ke t s  in  the above e quati o n s  i ndi cate  the.t the 

. frac ti onal par t  o f  the r ati o i s  di s c arde d .  

There  are a number o f  di s t in c t  way s o f  us ing the R 

te chnique . That whi ch i s  used  here finds v 1 =7 mutual ly 

or thogonal contr a s t s  o f  whi ch r=3 are r e j e c te d  and v 1 -r=4 

are r e tained . Tho s e  r e j e c ted wi ll  each hav e the value 

F = 1', /r m 

= 3 . 93/3 

an d tho se  re tai n e d  wi l l  each have a value 



B3 

Any contra s t  whi ch i s ·  ac c epted  take s the f orm : 

Any contra s t  whi ch l s  re j e c ted  take s the form : 

Here , the e xpre s si o n  under the s quare r o o t  simply make s allo wan c e  

for the s c ale  o f  the contras t and a make s allowan c e  for the s c ale 

of the i ndividual ob s ervati on s . I n  the pr e se n t  experime n t ,  a 

· numeri cal  value o f  g. was n o t  cho sen , s o  the l e t ter i t se l f  mu s t  

b e  u s e d . 

De c i sions  ab out  any s e t  o f  c o n tr a s t s  imply value s for the 

true mean s ( u j ) .  Le t the imp l i e d  value s b e  u
j , then : 

1 
uj -u • = �d (my j -b (mxj -mx. ) -my ) (rn/SSB ) 2 

Wnen thi s equati on l s  app l i e d  to  the Te s t  2 Be twee n data abov e , 

we calculate : 

Any c o n tr a s t s  a cro s s  the s e  u j whi ch ar e non- zero repr e s e n t  

hypo the s e s  whi ch are fal se  ( whe n  taken a cro s s  u j ) ei ther b y  di re c t  

te s t  or by the impli cati on o f  the se t o f  de c i s i o n s  made earli er . 



But v alue s o f  � c,-1 u-\ whi ch ar e nearly zero wi ll  u sually 

b e  diffi cu l t to interp r e t  " s c i e n ti fi cally " . Rodger poin t s  

out that i t  i s  true that any v alue 

would b e  � e j e c t e d  if t e s ted  dir e c tly . In the se  data 

w = 

= . 9 90 

Value s o f  for the 10 contra s t s  o f  

i n t er e s t  are shovm b e low.  Tho se outside the range O � . 990 are 

marked * *  and co nsidered t o  b e  '' s c i enti fi c ally s igni f i can t " . 

Tho se valu e s  outside the range o ±· . 830 .  but  lnsid� . the 
.
f o r�e� 

* . 
range ar e marked and al so c o n s i dered to  be " s c i enti fi cally 

signifi can t " .  

B4 



B5 

Contra s t  Value s 

H1 - 2 . 343** 
*•:I-

H2 - 2 . 778 

H3 - 2 . 215** 

H4 - . 837 * 

H5 1 .  46 2** 

H6 . 218 

H7 - . 06 4 

H8 . 625 

H9 . 707  

HlO • 300 

The valu e s  whi ch appe ar abov e ar e r e ferred to as the Standardi ze d  

Uni t s  and are the same value s whi ch appe ar i n  Table  04 . 

The v alue s requir e d  to j us t i fy * and ** for each analy si s and 

table ar e the following : 

TABLE 

0 1  

02 

03 

04 

ANALYSI S 

Pre - Te s t 1 data ( b e twe e n ) 

Te s t 1 data ( be twe en ) 

Pre - Te s t  2 data ( b e twe en ) 

Te s t  2 data ( be tween ) 

** 

O'!: 

. 90 7  

. 987  

. 975 

. 989 . 8 30 



. ,, 

C5 

C6 

07 
C8 

· Pre - Te s t  1 data (wi thi n )  

Te st  1 data ( wi thi n ) 

Pre- Te st 2 data ( wi thin ) 

Te s t  2 data ( withi n )  

. 8 6 2  

. 859 

. 704 

. 960 

B6 

. 6 30 

. 650 

. 600 



APPENDIX C .  Value s o f  hypo the se s .  

TABLE C 1 . Value s o f  hypo the s e s  fo r Pr e - Te s t  1 data ( be tween ) .  

Ho S.tandardi zed Uni t s  

H 1 - 2 . 49 2
** 

H2 -4. 040 ** 

H3 -4. 72 2 
** 

H4 - . 6 18 

H5 . 898* 

H6 . 77 4 

H7 1 . 1 15** 

H8 - . 280 

H9 . 79 2 

HlO 1 . 0 90** 

C 1 



TABLE 02 . Value s o f  hypo the s e s  for Te s t 1 data ( be twe en ) . 

Ho 

H 1 

H2 

H3 

H4 

H5 

H6 

H7 

H8 

H9 

HlO 

Standardi zed 

. 
** -2 . 106 

- 2 . 70 5** 

-3 . 0 21** . -
1 . 6 59-!Hf 

1 .  925-!Hfo 

. 299 

. 457 

. 266 

. 76 6  

. 743 

Uni t s  

. . . · ' · 

02 



03 

TABLE C3 .  Value s o f  hypo the s e  for Pre - Te s t  2 data ( b e twe en ) . 

Ho Standardi zed Uni t s  

H 1  - 2 . 80 2** 

H2 -2 . 30 9** 

H3 - 3 . 9 66
** 

H4 -1 . 516
** 

H5 1 . 684
** 

H6 . 246 

H7 . 582 

H8 . 168 

H9 . 256 

HlO . 670 

· . .  



TABLE C4. Value s of hyp o the s e s  for Te s t  2 data ( be tween ) .  

Ho Standardi zed Uni t s  

H 1  - 2 . 343** 
H2 - 2 . 773** 
H3 -2 . 215 ** 

H4 - . 8 37 
* 

* *  HS 1 . 46 2  

H6 . 218 

H7 - . 06 4  

H8 . 6 25 

H9 . 707 

HlO . 300 

04 



TABLE 05 . Value s o f  hyp o th e s e s for Pre - Te s t  1 data ( wi thin ) .  

Ho Standardi zed Uni t s  

H1  . 731* 

H2 2 . 315** 

H3 . 004  

H4 • 290 

HS 1 . 188** 

H6 -1 . 372
** 

H7 . 6 36 
* 

H8 - • 898'fHI-

H9 • 368 

HlO . 841 �-

CS 



TABLE C6 . Value s o f  hypo the s e s for Te s t  l data ( wi thin ) .  

Ho S tand ar d i z e d  Uni ts  

H1  Q 27'�* 
. -· 

** 
H2 2 . 20 1  

H3 - . 0 53 

H4 . 424 

H5 1 . 181  ** 

H6 1 . 103** 

H7 . 849
* 

H8 . 757* 

H9 . 566 

HlO . 91 2** 

C6 

. · . .  



TABLE C7 • Value s of  hypo the s e s fo r Pr e - Te s t 2 d a t a  ( wi thi n ) . 

H Standardi zed Uni t s  
0 

H1 . 980** 
. 

H2 2 . 441 
;t* 

H3 . 1 31 

H4 . 245 

H5 1 . 188** 

H6 1 . 266** 

** 
H7 . 7 5 5 

H8 ., . - . 76 4** 

H9 . 6 6 5* . 

HlO l . 16 74t* 

. . . . · · . . . . . . .  · 

C7 



C8 

TABLE G8 . Value s o f  hyp o the s e s  for Te s t  2 data ( wi thi n ) .  

Ho Standardi zed Uni t s 

H1 1 . 360** 

H2 2 . 290** 

H3 . 0 12 

H4 . 552 

H5 i . 1 53** 

H6 - . 806 * 

H7 1 . 167** 

H8 - . 601 * 

* 
H9 . 8 49 

HlO l . 0 54** 

... . . .. . 


